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ABSTRACT 

Mobile-Based Assessment (MBA) is an emerging field in the wider context of mobile 

learning research that has the potential to provide new opportunities for assessment.   

However, successful implementation of MBA depends on user acceptance. While there is a 

considerable number of studies investigating mobile learning acceptance, no research exists 

that investigates the driving factors that influence intention to use mobile technologies for 

assessment purposes. Moreover, the motivational aspects of Mobile-Based Assessment have 

not been fully explored. A comprehensive theoretical MBA framework, based on a solid 

theoretical background is needed to addresses the motivational dimensions of MBA. 

This thesis is aiming at introducing analytical models about the acceptance of Mobile-Based 

Assessment from students’ and teachers’ perspectives as well.  The thesis also investigates 

motivational issues associated with MBA and suggests a comprehensive framework 

regarding student motivation in Mobile-Based Assessment.   

First, the current study proposes the Mobile-Based Assessment Acceptance Model 

(MBAAM). The proposed model explains and predicts students’ Behavioral Intention to Use 

MBA. It extends the Technology Acceptance Model (TAM) by adding to the Perceived Ease 

of Use and Perceived Usefulness, the constructs of Facilitating Conditions, Social Influence, 

Mobile Device Anxiety, Personal Innovativeness, Mobile-Self-Efficacy, Perceived Trust, 

Content, Cognitive Feedback, User Interface and Perceived Ubiquity Value and investigates 

their impact on students’ Behavioral Intention to Use MBA. Two mobile-based mock 

assessments were successfully conducted to preliminary evaluate the model (one with first-

year University students and the other with high-school students during an environmental 

field trip). For the evaluation of the model, a longitudinal study in the context of a European 

senior-level secondary school was conducted. 145 students participated in a series of mobile-

based assessment activities for a three-week period and answered a self-reported 

questionnaire afterwards.  Structured equation modeling used to analyze quantitative survey 

data showed that MBAAM explains and predicts approximately 47% of the variance of 

Behavioral Intention to Use Mobile-Based Assessment. 

Next, the study investigates teachers’ intention to use MBA and proposes the Teachers’ 

Acceptance of Mobile-Based Assessment (TAMBA) model. The model uses the variables of 

Perceived Ease of Use, Perceived Usefulness, Social Influence, Facilitating Conditions, 
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Mobile Self-Efficacy and Output Quality to explain and predict Behavioral Intention to Use 

Mobile-Based Assessment from the teachers’ perspective. Self-reported data were gathered 

from 161 STEM teachers from 32 different European countries. Structured equation 

modeling revealed that the model explains and predicts about 50% of the total variance in 

teachers’ Behavioral Intention to Use Mobile-Based Assessment.  

In addition to the aforementioned acceptance issues, the study also introduces another 

research thread that further investigates motivational aspects of Mobile Assessment. 

Empirical research conducted in the context of high-school Physics courses provides 

evidence that mobile-based homework self-assessments, in comparison to conventional 

paper-based assessments, have a positive impact on student motivation and performance of 

low achievers.  Moreover, a mobile-assessment micro-learning and assessment approach 

enhances students’ motivation in terms of perceived autonomy, competence and relatedness. 

It also improves students’ factual knowledge. Furthermore, according to the study findings, 

the enhanced levels of autonomy, competence and relatedness result in higher levels of 

student engagement in a mobile-assisted inquiry-based science learning intervention. 

Grounding on the Self-Determination Theory (SDT) of Motivation and building on empirical 

evidence, the study proposes the Mobile-Based Assessment Motivation Framework 

(MBAMF). The framework has been tested and confirmed with two experiments:  in the first 

experiment, 47 medical students participated in a mobile-based assessment procedure during 

their regular near-patients clinical training; in the second experiment, 51 high-school students 

participated in mobile-based assessment activities in the context of both a science lab and a 

field trip in botanic gardens. Students who participated in mobile-assisted assessment 

activities self-reported higher levels of perceived autonomy, competence and relatedness 

compared to students who participated in conventional assessments. The framework is aiming 

at suggesting design and implementation issues that support the basic students’ SDT basic 

psychological needs of autonomy, competence and relatedness with self-directed learning 

strategies supported and technological affordances offered by mobile devices. 

In an effort to synthesize the above findings about acceptance and motivation and building on 

both the Self-Determination Theory (SDT) of Motivation and the Technology Acceptance 

Model (TAM), the thesis proposes the Mobile Based Assessment - Motivational and 

Acceptance Model (MBA-MAM), a combined model that explains and predicts Behavioral 

Intention to Use MBA in terms of both acceptance and motivational (autonomy, competence 
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and relatedness) factors. After two preliminary successful experimental evaluations of the 

model with University students, another experiment was conducted with 140 students from a 

European senior-level secondary school who participated in mobile-assisted assessment 

activities and self-reported their perceptions about ΜΒΑ afterwards. Structured equation 

modeling revealed that the proposed MBA-MAM explains and predicts about 50% of the 

Behavioral Intention to use MBA in terms of both acceptance and motivation (autonomy, 

competence and relatedness) factors.  

A better understanding of the factors driving mobile-based assessment can help education 

stakeholders to better design mobile-based assessments. Taking into consideration both 

acceptance and motivational factors, more motivating and engaging assessment can be 

designed and implemented. Furthermore, based on the study results, mobile technologies and 

devices, when appropriately used, can not only facilitate learning content and assessment 

delivery but they can promote student motivation and engagement as well.  
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PPAARRTT  OONNEE  ––  IInnttrroodduuccttiioonn  aanndd  LLiitteerraattuurree  RReevviieeww  

 
“If you cannot measure it you cannot improve it” 

Lord Kelvin 

Chapter 1: Introduction 

1.1. General Overview  

1.1.1. Mobile Learning and Assessment  

The rapid growth of mobile and wireless technologies resulted in an increasing use of 

mobile devices in education. This trend opens new opportunities to mobile learning and 

assessment. According to a definition by UNESCO, “mobile learning involves the use of 

mobile technology, either alone or in combination with other information and communication 

technology (ICT), to enable learning anytime and anywhere” (p.6, West & Vosloo, 2013). 

Also, mobile technologies provide new and enhanced opportunities to access learning 

through Mobile-Based Assessment (MBA), the computerized means of assessment that is 

delivered through mobile devices. In the wider context of Bring Your Own Device (BYOD) 

emerging trend the topic of mobile-based assessment is getting a growing interest (Johnson et 

al., 2016). 

Research provides evidence that mobile devices have become a learning tool with a 

great potential in education: they facilitate personalized learning and assessment, they support 

situated and context-aware learning, they support different assessment practices (classroom 

polling, formative and summative assessment, peer-assessment, authentic assessment, 

competence-based) enhancing seamless learning, bridging formal and informal learning and 

assessment, and improving communication and collaboration among members of the learning 

communities (Sung, Chang, & Liu, 2016; Nikou & Economides, 2013b;West & Vosloo, 

2013). 
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1.1.2. Technology Acceptance Model 

A critical factor for the success of any information system is its acceptance by users. 

Technology Acceptance Model (TAM) is a major model in the field of IT acceptance (Davis, 

1989). TAM uses Perceived Usefulness (PU), Perceived Ease of Use (PEOU) and Attitudes 

Towards Usage (ATU) to explain and predict system adoption. Perceived Usefulness is 

defined as the degree to which a person believes that using a particular system will enhance 

his/her job performance. Perceived Ease of Use is defined as the degree to which a person 

believes that using the system would be free of effort (Davis, 1989). Both PU and PEOU 

influence the Attitudes Towards Usage (ATU) which in turn influences the Behavioral 

Intention to Use the system (BIU) and the actual system use. Since its first invention, many 

external variables (e.g. social influence, facilitating conditions) have been added to TAM in 

order to better explain the acceptance and intention to use IT systems (Venkatesh, Morris, 

Davis, & Davis, 2003). 

1.1.3. Self-Determination Theory of Motivation  

Self-Determination Theory (SDT; Ryan & Deci, 2000a, 2000b) is a well-established 

and empirically well- supported theory of motivation. It distinguishes two types of 

motivation. Intrinsic motivation refers to doing something for its own sake and extrinsic 

motivation refers to doing something for a consequence external to the activity itself. With 

the process of internalization, two types of extrinsic motivation, namely identified regulation 

and integrated regulation, can be transformed from extrinsic types into personally endorsed 

values.  

The theory is concerned with the support of self-determined types of motivation 

(intrinsic motivation and identified regulation) that lead to satisfaction and better 

performance.  According to the theory, a basic set of psychological needs must be satisfied in 

order to enhance intrinsic motivation (Deci & Ryan, 1985). These needs are autonomy, 
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competence and relatedness. Autonomy refers to the desire to self-initiate and self-regulate 

own behavior. Relatedness refers to the desire to feel connected to others. Competence refers 

to the desire to feel effective in attaining valued outcomes (Ryan & Deci, 2000b). Self-

determination theory has been successfully used in the education (Reeve, Ryan, Deci & Jang, 

2008; Reeve, 2002) and on-line learning also (Chen & Jang, 2010; Roca & Gagné, 2008; 

Sorebo, Halvari, Gulli, & Kristiansen, 2009, Hartnett, 2015). When the basic psychological 

needs of autonomy, competence and relatedness are supported, students are more likely to 

internalize their motivation to learn and to be more autonomously engaged in their studies 

(Niemiec & Ryan, 2009).  

1.2. Purpose of the Study   

The purpose of the current thesis is threefold. The first is to investigate the factors that 

influence the acceptance of Mobile-Based Assessment (MBA), incorporating both technology 

acceptance and motivation constructs in order to propose a comprehensive model of MBA 

acceptance. The second is to examine learning motivation, engagement and performance in 

the context of mobile learning and assessment, from a self-determination and self-regulation 

perspective. The third is to propose a motivational framework for designing mobile-based 

assessments based on the Self-Determination Theory of Motivation. 

 

1.3. Research Questions 

Specifically, the current study is aiming at answering the following research 

questions: 

Research Question 1: What are the significant predictors of students’ Behavioral 

Intention to Use Mobile-Based Assessment?   

Research Question 2:  What are the significant predictors of teachers’ Behavioral 

Intention to Use Mobile-Based Assessment?   
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Research Question 3:  Are perceived Autonomy, Competence and Relatedness 

significant predictors of the Behavioral Intention to Use Mobile-Based Assessment? 

Research Question 4:  Does Mobile-Based Assessment have a significant impact on 

students’ motivation and performance? 

Research Question 5:  How do features of Mobile Learning and Assessment relate to 

students’ increased perceived levels of Autonomy, Competence and Relatedness?  

Research Question 6:  Can student engagement in mobile-assisted science inquiry be 

predicted in terms of perceived levels of Autonomy, Competence and Relatedness? 

 
1.4. Motivation of the Study 

The rapid growth of mobile devices and wireless technologies lead in an increasing 

use of mobile devices in education. Many educational institutions promote nowadays the 

Bring Your Own Device (BYOD) policies and practices (Johnson, et al., 2016).  Research 

provides evidence that mobile devices can have a great potential in learning and assessment 

(Sung, Chang, & Liu, 2016).  

However, effective implementation of any information system depends on user 

acceptance (Davis, 1989). The acceptance and adoption of mobile learning is a topic of 

growing interest in the field of education and it is still evolving (Briz-Ponce, Pereira, 

Carvalho, Juanes-Méndez, & García-Peñalvo, 2016; Cheon, Lee, Crooks, & Song, 2012; Liu, 

Han, & Li, 2010). Also, research exists on the acceptance of computer-based assessment 

(Terzis & Economides, 2011). However, to the best of our knowledge, no study exists to 

provide evidence regarding the driving factors contributing to the acceptance and intention to 

use Mobile-Based Assessment (MBA), the assessment that is delivered with the use of 

mobile devices and wireless technologies.  
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Although MBA fits into the wider context of mobile learning, MBA can be 

implemented as an autonomous assessment activity in a blended learning approach in formal 

(Bogdanovic, et al., 2013) or informal (Jones,  Scanlon,  & Clough, 2013) education settings. 

Therefore its acceptance by students and teachers should better be studied in its own context. 

Also, previous studies about MBA are limited to students’ perceptions and attitudes and no 

study exists to investigate the factors that influence MBA acceptance. 

Moreover, researchers argue that since the predictive power of technology acceptance 

model should be extended beyond utilitarian (productivity oriented) systems (van der 

Heijden, 2004), motivational variables as well need to be introduced in the acceptance of 

information systems like mobile-based assessment (Pedrotti & Nistor, 2016).  

Motivation is a fundamental issue in learning (Reeve, Ryan, Deci, & Jang, 2008). 

Moreover, motivation plays an important role in online learning environments (Hartnett, 

2016). Although a considerable body of research about the motivational impact of mobile 

learning exists (Nouri, Spikol, & Cerratto-Pargman, 2016; Sung, Chang, & Liu, 2016; Hwang 

& Wu, 2014), studies that explore learning motivation in the context of mobile-based 

assessment are limited in number and scope (Cheung & Hew, 2009). Students’ perceptions 

towards assessments are strongly related to their approaches to learning (Dhindsa, Omar, & 

Waldrip, 2007) and can have either positive or negative influences on performance (Struyven, 

Dochy, & Janssens, 2005). Therefore, the study of student motivation in the context of 

mobile-assisted assessments may have its own value. 

Moreover, researchers agree that further investigation is needed in order to understand 

the motivation mechanics of mobile learning (Sha, Looi, Chen, & Zhang, 2012) and develop 

a comprehensive theoretical framework that could provide a solid background to develop 

pedagogically effective mobile learning programs (Park, 2011; Cochrane, 2014). According 



22 
 

to the mobile learning review by Zydney and Warner (2016), a stronger alignment is needed 

between the general underlying motivation theories and measured outcomes. Therefore, a 

theoretical background to explain the relation between student motivation and MBA would 

be valuable to be developed. Also, the issue of engagement as a consequence of motivation 

(Boekaerts, 2016) in mobile-assisted learning and assessment would be interesting to 

investigate. 

1.5. Significance of the study 
 

Mobile technologies and devices can open new windows of opportunities when used 

in assessment. Understanding student and teacher acceptance of mobile-based assessment is 

essential to the successful delivery of assessments using mobile devices and wireless 

technologies. The current study extends the Technology Acceptance Model by investigating 

the factors that influence the acceptance of mobile-based assessment from students’ and 

teachers’ perspectives. The findings from this research expand the existing body of 

knowledge by determining the significant predictors of behavioral intention to use mobile-

based assessment. 

 Moreover, the study integrates motivational constructs into the technology 

acceptance model. The acknowledgment of the role of motivation into the technology 

adoption research can help education stakeholders to design and implement more 

motivational and student centered mobile-based assessments. 

Student motivation is a fundamental issue in learning. The study adds to the existing 

body of knowledge for mobile learning that mobile-based assessment has the potential to 

enhance student motivation and promote learning. Moreover, the study contributes to the 

mobile learning research by aligning designing issues of mobile-based assessments with the 

motivational constructs of the Self-Determination Theory of Motivation. The study findings 
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can inform researchers, educators, instructional designers and education policy makers to 

better design and implement mobile-based assessments.  
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1.7. Organization of the Dissertation  

 This dissertation is organized into seven (7) parts and thirteen (13) chapters.  

Part One (chapters 1 and 2), provides the study introduction and the literature review 

section. Chapter 1 explores the purpose, motivation and significance of the dissertation. 

Chapter 2 provides the study background. It comprises a brief introduction to the Technology 

Acceptance Model (TAM) and the Self-Determination Theory of Motivation (SDT). 

Furthermore, it outlines current research trends about mobile learning and mobile-based 

assessment issues related to motivation, performance and acceptance. 

Part two (chapters 3, 4 and 5) describes the development of an acceptance model for 

Mobile-Based Assessment. Chapter 3 provides two preliminary experimental efforts to 

complement the Technology Acceptance Model in the context of Mobile-Based Assessment. 

It describes the embodiment of Perceived Mobility and Satisfaction, as well as Personal 

Innovativeness and Previous Experience in explaining and predicting Mobile-Based 

Assessment adoption.  

Chapter 4, building on the aforementioned results, describes the full version of the 

Mobile-Based Assessment Acceptance Model (MBAAM) from the students’ perspective. 

http://conta.uom.gr/MsM/index.html�
http://www.imcl-conference.org/imcl2014/msm.php�
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Chapter 5 presents teachers’ perceptions about the acceptance of Mobile-Based 

Assessment and proposes the Teachers’ Acceptance of Mobile-Based Assessment (TAMBA) 

model.  

Part three (chapters 6 and 7) describes motivation issues related to mobile-based 

assessment. Chapter 6 investigates motivation and performance issues related to Mobile-

Based Assessment, providing evidence that MBA, in comparison to the conventional paper-

based assessments, has the potential to positively impact student motivation and performance. 

Chapter 7 presents mobile-based micro-learning and assessment activities as a 

promising method that enhances high school students’ motivation and improves their exams 

performance in terms of factual knowledge. 

Part four (chapters 8 and 9) describes the development of the Mobile-Based 

Assessment Motivational Framework. Chapter 8 provides a motivational background for the 

mobile-based assessment, based on the Self-Determination Theory of Motivation.  

Chapter 9 proposes the Mobile-Based Assessment Motivational Framework 

(MBAMF). The model suggests that the use of mobile technologies and mobile devices in 

learning and assessment can effectively support the basic psychological needs of autonomy, 

competence and relatedness, as described in the Self-Determination Theory of motivation. 

Part five (chapters 10 and 11) describes the integration of the Self-Determination 

Theory into the Technology Acceptance Model for MBA. Chapter 10 describes two 

experiments; one conducted with medical students and the other with high school students. 

The experiments provide evidence for the impact of motivation factors onto the acceptance of 

mobile-based assessment. 

Chapter 11 proposes the Mobile Based Assessment - Motivational and Acceptance 

Model (MBA-MAM). The framework integrates acceptance and motivational factors into a 

new combined model of Self-Determination Theory and technology acceptance.  
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Part six (chapter 12) introduces motivational predictors from the SDT perspective of 

student engagement in a mobile-assisted inquiry-based science learning intervention.  

Part seven comprises chapter 13 (with the research conclusions, study contribution, 

implications for practice and recommendations for future research) as well as the references 

and appendices sections.   

Chapter 2: Background 

2.1 Technology Acceptance Model 

Technology Acceptance Model (TAM) is a valid and well-established model that 

addresses the issue of how users accept and use a technology (Davis, 1989). Originally, TAM 

used the constructs of Perceived Usefulness (PU), Perceived Ease of Use (PEOU) and 

Attitudes Towards Usage (ATU) to explain and predict technology system adoption (Davis, 

1989). According to Davis (1989), Perceived Usefulness (PU) is defined as the degree to 

which a person believes that using a particular system will enhance his/her job performance.  

Also, Perceived Ease of Use (PEOU) is defined as the degree to which a person believes that 

using the system would be free of effort. In TAM, Behavioral Intention to Use a system 

(BIU) is influenced by Attitude Towards Use (ATU), as well as the direct and indirect effects 

of Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) (Davis, 1989). 

Synthesizing recent research findings, a meta-analysis by Sumak, Hericko and Pušnik  (2011) 

gathered proof that the perceived ease of use and the perceived usefulness are the major 

factors that can influence the attitudes of users toward using an e-learning technology. 

Since its first introduction, many external variables have been added to TAM in order 

to better explain and predict the acceptance and intention to use Information Technology 

systems (Figure 2.1) and other models have been introduced. One such model is the Unified 

Theory of Acceptance and Use of Technology (UTAUT) model (Venkatesh, Morris, Davis, 

& Davis, 2003), a  major TAM successor that considers four core determinants of intention 
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and usage (performance expectancy, effort expectancy, social influence and facilitating 

conditions) with four moderators influencing the four direct determinants: gender, age, 

experience and voluntariness of use.   

TAM has been widely used in ICT adoption and especially in acceptance studies 

about e-learning and mobile learning (King & He, 2006).  The current thesis uses it also as its 

theoretical basis.  

 

Figure 2.1.Technology Acceptance Model (TAM) 

 

2.2 Self-Determination Theory of Motivation 

Self-Determination Theory (SDT) of motivation (Ryan & Deci, 2000a, 2000b) is a 

contemporary macro-theory of motivation assuming that humans have a natural tendency to 

be intrinsically motivated integrating external regulations into self-regulations towards 

personal psychological growth, social integration and well-being (Deci & Ryan, 2002). The 

theory distinguishes between two basic types of motivations: extrinsic, “doing an activity for 

its instrumental value”, and intrinsic “doing an activity for its inherent satisfactions” (Deci & 

Ryan, 1985). Extrinsic motivation is the type of motivation that is built upon external rewards 

or punishments - further categorized into external regulation, introjected regulation, identified 

regulation and integrated regulation. Intrinsic motivation is the type of motivation that leads 
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to a behavior that is inherently interesting and pleasant. When people are intrinsically 

motivated they engage in activities for the inherent satisfaction, enjoyment or challenge.  

SDT argues that intrinsic motivation is supported when the three basic and universal 

human psychological needs of autonomy, competency and relatedness are satisfied (Deci & 

Ryan, 1985). Autonomy refers to the desire of people to regulate and self-control their own 

behavior. Relatedness refers to the desire of people to feel connected and associated with 

others. Competence refers to the desire of being effective and sufficient when performing an 

activity. There is a large body of research supporting the SDT postulate that autonomy, 

competence and relatedness are necessary conditions for the maintenance of intrinsic 

motivation (Niemiec & Ryan, 2009). Literature describes also intrinsic motivation as 

autonomous motivation (versus controlled or external motivation) leading to a self-

determined behavior. 

SDT has been successfully applied in education (Reeve, Ryan, Deci & Jang, 2008; 

Reeve, 2002), technology enhanced learning (Hartnett, 2015; Chen & Jang, 2010; Roca & 

Gagné, 2008; Sorebo, Halvari, Gulli, & Kristiansen, 2009) and mobile learning as well 

(Nikou & Economides, 2017b). Research provides evidence that raising the satisfaction 

levels of perceived autonomy, competence and relatedness enhances self-determination and 

intrinsic motivation (Chen & Jang, 2010; Niemiec & Ryan, 2009) and also improves learning 

performance (León, Núñez, & Liew, 2015).  

2.3 Technology Acceptance from the perspective of the Self-Determination Theory of 

Motivation 

Since the early days of TAM, Davis et al. (1989) highlighted the importance of 

motivation and self-determination towards user’s decision to adopt an e-learning system. 

They showed that perceived enjoyment is an example of intrinsic motivation while perceived 

usefulness is an example of extrinsic motivation for intention to use information services. 
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Venkatesh and Davis (2000) conceptualized intrinsic motivation as computer playfulness that 

influences perceived ease of use and system acceptance.  Lee, Cheung and Chen (2005) 

integrated a motivational perspective into the technology acceptance model, capturing both 

extrinsic (perceived usefulness and ease of use) and intrinsic (perceived enjoyment) 

motivators for explaining students’ intention to use an Internet-based learning medium. An 

intrinsic motivation perspective was also added to TAM by Zhang, Zhao and Tan (2008). 

Drawing on SDT, Chen and Jang (2010) proposed and tested a model for online learner 

motivation supporting the SDT’s main postulate that human motivation is a rather 

multidimensional construct consisting of intrinsic motivation, external, introjected, and 

identified regulations, and amotivation. 

In the context of e-learning in the workplace, Roca and Gagne (2008), extended TAM 

with perceived autonomy support, perceived competence and perceived relatedness. All these 

SDT constructs were found to influence perceived usefulness, perceived playfulness and 

perceived ease of use. Sorebo et al. (2009) showed that the basic SDT psychological needs 

and intrinsic motivation can be useful for predicting teachers’ intention to continue use e-

learning. Intrinsic motivation affected employees’ intention to use e-learning in the 

workplace more strongly than extrinsic motivation did (Yoo, Han, & Huang, 2012). In a 

study about utilizing games as a motivator to encourage users’ participation in human 

computation, Pe-Than, Goh and Lee (2014) found that perceived needs for autonomy, 

competence, and relatedness influence perceived enjoyment. Lee, Lee and Hwang (2015) 

confirmed the significant relation between the Self-Determination Theory of Motivation and 

the Unified Theory of Acceptance and Use of Technology (UTAUT) model, a successor of 

TAM. Students’ intrinsic motivation found to play a more significant role than their extrinsic 

motivation in influencing behavioral intention to use cloud services (Huang, 2016). 

Autonomous motivation found to significantly influence students’ decision to use Massive 
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Open Online Courses (MOOCs) (Zhou, 2016). Table 2.1 summarizes the before mentioned 

studies that simultaneously investigate SDT and TAM in e-learning contexts.  

Table 2.1 Studies combining TAM and SDT 

Study Context Findings 
Davis, Bagozzi &  
Warshaw (1989) 

computers in the 
workplace 

perceived usefulness (extrinsic motivation) 
and enjoyment (intrinsic motivation) 
positively affect intentions to use 
 

Lee, Cheung &  
Chen (2005) 

Qboard  online 
knowledge 
sharing system  

autonomy, competence and relatedness  
influence performance expectancy and 
perceived enjoyment 
 

Zhang, Zhao &  
Tan (2008) 

web-based 
learning system 

intrinsic motivation, conceptualized as 
enjoyment influences intention to use 
 

Roca & Gagne (2008) e-learning in the 
workplace 

SDT constructs influence perceived 
usefulness, perceived playfulness and 
perceived ease of use 
 

Sorebo et al. (2009) teachers use e-
learning 
technology  

basic psychological needs and intrinsic 
motivation predict e-learning continuance 
intentions 
 

Chen & Jang (2010) online certificate 
programs 

SDT constructs predicts  motivation/self-
determination  
 

Yoo, Han & Huang 
(2012) 

e-learning in the 
workplace 

intrinsic motivators (effort expectancy, 
attitudes, and anxiety) affected employees’ 
intention to use e-learning in the workplace 
 

Pe-Than, Goh, & Lee 
(2014) 

Human 
Computation 
Games 

perceived needs for autonomy, competence, 
and relatedness influence perceived 
enjoyment 
 

Lee, Lee & Hwang 
(2015) 

web-based 
threaded 
discussion board 

satisfaction  of basic psychological needs  
influence performance expectancy and 
perceived enjoyment 
 

Huang (2016) team messaging 
services 

intrinsic motivation  influences attitude 
toward use and behavioral intention to use 
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use and behavioral intention to use 
Zhou (2016) MOOCs autonomous motivation predicts intention to 

use 
 
 

While there are studies considering motivational dimensions into e-learning acceptance, 

to the best of our knowledge, no such study exists in the context of mobile-based learning and 

assessment. 

2.4 Mobile Learning 

Mobile learning is an emerging trend in education. In the definition of mobile learning 

by Kukulska-Hulme (2005), learners are able to engage in educational activities without 

being tied to a tightly-delimited physical location. There is a growing body of literature about 

developing mobile learning systems to assist students in learning and also highlighting the 

positive impact of mobile learning on learners’ performance (Wu, Wu, Chen, Kao, Lin, & 

Huang, 2012). According to the UNESCO Policy Guidelines for Mobile Learning (West & 

Vosloo, 2013), mobile learning provides numerous benefits to education: it facilitates 

personalized learning, supports situated and context-aware learning, enhances seamless 

learning, bridges formal and informal learning and improves communication and 

collaboration among members of the  learning communities. Due to the technological 

affordances of mobile devices (Sharples, Taylor, & Vavoula, 2007), their utilization in 

education opens up new windows of opportunities both in learning and assessment. 

2.4.1 Students’ motivation in Mobile Learning  

Previous research (Tingir et al., 2017; Liu et al., 2014) provided evidence that the use 

of mobile devices improves students’ performance and motivation in a wide range of formal 

or informal educational  contexts, i.e. natural science courses (de-Marcos et al., 2010), 

Physics courses  (Nikou, & Economides, 2016a; Zhai, Zhang, & Li, 2016), botany courses 

(Huang, Lin, & Cheng, 2010), inquiry investigations (Ahmed &  Parsons, 2013; Hwang, Wu, 
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Zhuang, & Huang, 2013), context-aware ubiquitous learning activities (Shih, Chu, Hwang, & 

Kinshuk, 2011) or ubiquitous gaming (Hwang & Chen, 2017). Another motivation supporting 

mobile-based teaching and learning  strategy is the mobile-based micro-learning; a relatively 

new approach that combines the features of mobile learning and micro-learning, by 

delivering small learning units and short-term learning activities (Hug, Lindner, & Bruck, 

2006) through mobile devices, in a manner that can be personalized, adaptive, ubiquitous, 

context-aware (Bruck, Motiwalla, & Foerster, 2012).  

There are many previous studies reporting on mobile learning and motivation. Ciampa 

(2014) reported on the motivational affordances of challenge, curiosity, control, recognition, 

competition and cooperation when using mobile devices for learning in primary school. Su 

and Cheng (2015) developed and implemented a mobile gamification learning system to 

improve motivation of elementary students in terms of attention, relevance, confidence and 

satisfaction. Sha et al. (2012) proposed an analytic self-regulated learning model of mobile 

learning as a conceptual framework for understanding mobile learning for elementary 

students also.   

However, researchers agree that further investigation is needed in order to understand 

the motivation mechanisms of mobile learning (Sha, Looi, Chen, & Zhang, 2012). According 

to a mobile learning review by Zydney and Warner (2016), a stronger alignment is needed 

between the general underlying motivation theories and measured outcomes. Further 

investigation, grounded in a solid theoretical framework, regarding the motivational impact 

of mobile learning would be valuable (Chee et al., 2017; Semingson, Crosslin, & Dellinger, 

2015).  

2.4.2 Acceptance of Mobile Learning  

TAM is the most-used acceptance theory in e-learning acceptance research (Sumak, 

Hericko, & Pušnik, 2011). TAM has been successfully used as a framework to study mobile 
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learning acceptance as well (Liu, Han, & Li, 2010; Park, Nam, & Cha, 2012), offering its 

predictive and explanatory power to a considerable large number of mobile learning 

acceptance related studies. The factors of perceived ease of use and perceived usefulness 

have been found to have a significant influence towards mobile learning acceptance.  

Since its early uses of TAM in mobile learning research, many external variables have 

been added to it in order to explain and predict mobile learning systems acceptance. For 

example, the constructs of social influence and facilitating conditions, introduced with the 

UTAUT model (Venkatesh, et al. 2003), have been extensively used in successive TAM 

studies since then. Wang, Wu and Wang (2009) found that performance expectancy, effort 

expectancy, social influence, perceived playfulness, and self-management of learning were 

all significant determinants of behavioral intention to use m-learning. Park, Nam and Cha 

(2012) introduced mobile-learning self-efficacy, learning relevance, system accessibility and 

subjective norm. Mac Callum and Jeffrey (2013) investigated the influence of students’ ICT 

skills on intention to use. Performance expectancy, effort expectancy, influence of lecturers, 

quality of service and personal innovativeness have been studied by Aish and Love (2013). 

Joo, Lee and Ham (2014) integrated into TAM the constructs of personal innovativeness and 

user interface. Mac Callum, Jeffrey and Kinshuk (2014) addressed the impact of ICT literacy 

and anxiety on intention to adopt mobile learning. Arpaci (2016) found that perceived trust 

positively affects mobile cloud services and also Liu, Chen, & Lu, (2015) highlighted that 

perceived trust impacts students’ participation in an on-line exam. In a recent study by Briz-

Ponce et al. (2016) social influence raised to be an important factor towards students’ 

acceptance of mobile technologies for learning. Table 2.2 summarizes a number of  selected 

constructs that have been found to have a significant impact on mobile learning acceptance 

and are used in our study.  
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Table 2.2 Constructs used in previous mobile learning acceptance studies 

Construct Supporting mobile learning acceptance 
studies 
 

Perceived Ease of Use Wang, et al., 2009;  Park, et al., 2012; Aish & 
Love, 2013  
 

Perceived Usefulness  Park, et al.,2012; Aish & Love, 2013; Wang, 
et al., 2009 
 

Facilitating Conditions Venkatesh, et al. 2003; Park, et al., 2012; 
Aish & Love, 2013  
 

Social Influence Briz-Ponce et al., 2016; Wang, et al., 2009; 
Park, Nam, & Cha, 2012; Venkatesh, et al. 
2003 
 

Self-Efficacy Mac Callum & Jeffrey, 2013; Park, et al, 2012 
Personal Innovativeness Joo, et al., 2014; Aish & Love, 2013 
Anxiety Mac Callum, et al., 2014 

 
Perceived Mobility Huang, et al., 2007; Liu,  et al., 2010 

 
Perceived Trust Arpaci, 2016; Liu, Chen, & Lu, (2015) 
User Interface Joo, et al. 2014 

 

2.5 Mobile-Based Assessment 

Mobile-Based Assessment (MBA) is a relatively new mode of assessment that is 

delivered through wireless technologies and mobile devices. MBA, much like paper-based or 

computer-based assessment, gathers and reviews empirical data about student learning in 

order to evaluate students, the learning process itself or both, aiming at improve learning. 

Furthermore, mobile technologies provide new and enhanced functionalities and 

opportunities to assess learning.  

Mobile learning and assessment spans from curriculum-led classroom instruction to 

informal highly mobile learning on the move (Sharples, 2013). There are many successful 

http://www.emeraldinsight.com/author/Liu%2C+Yong�
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implementations of mobile-based assessments inside the classroom boundaries replacing 

paper-based or web-based tests (Romero, Ventura, & de Bra, 2009). Mobile devices replace 

computer labs needed for computerized assessments, with the quizzes to be administered 

using a web browser on students’ handheld devices, offering this way a cost saving solution.  

Mobile devices replace clicker technologies for classroom polling (Sun, 2014; Stowell, 

2015). Assessments can be blended into learning management systems (Bogdanovic, Barac, 

Jovanic, Popovic,  & Radenkovic, 2013) or Massive Online Open Courses (MOOCs) 

(Dahlstrom, Brooks, Grajek, & Reeves, 2015) and can easily be accessed through mobiles. 

Also, mobile devices can support ubiquitous and seamless learning and assessment outside 

the classroom boundaries. With the use of Radio Frequency Identification (Chu, Hwang, 

Tsai, & Tseng, 2010), geo-location features (Santos, Pérez-Sanagustín, Hernández-Leo, & 

Blat, 2011) or QR-coding technology (Nikou & Economides, 2017a; 2016a), mobile devices 

facilitate student assessment in authentic contexts (Miyasawa & Ueno, 2013; Chao, Lan, 

Kinshuk, Chang, & Sung, 2014), providing at the same time appropriate learning guidance in 

situ (Hwang, & Chang, 2011). Beyond high-stakes summative testing (Arthur, Doverspike, 

Muñoz, Taylor, & Carr, 2014), mobile devices can support a wide range of different 

assessment types such as self- and peer- assessment (Chen, 2010), formative assessment 

(Hwang, & Chang, 2011),  performance-based (Campbell & Main, 2014) and competency-

based assessments (Coulby, Hennessey, Davie, & Fuller, 2011), providing  immediate, 

adaptive and personalized feedback (Triantafillou, Georgiadou, & Economides, 2008). 

Mobile devices have the potential to assess competences related to real-world tasks as well as 

higher-level skills, the so-called 21st century skills, such as problem-solving, creativity and 

collaboration.  

The majority of the aforementioned studies about using mobile technology for 

assessment report positive student experiences, increased learning interest and improved 
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learning outcomes (Nikou & Economides, 2016b;2013b;Wu, Wu, Chen, Kao, Lin, & Huang, 

2012). 

 However, despite the fact that mobile devices offer new and enhanced opportunities 

to assess learning, studies about students’ perceptions about MBA are still inconsistent 

(Bennett, Dawson, Bearman, Molloy, & Boud, 2016). There are studies providing evidence 

that web-based tests and portfolios are not amongst the students’ preferences (Watering, 

Gijbels, Dochy, & Rijt, 2008), especially for summative assessment purposes   (Deutsch, 

Herrmann, Frese, & Sandholzer, 2012). Also, studies reports numerous  drawbacks and 

limitations in using mobile devices in learning and assessment:  small screen size with input 

difficulties, high cognitive load due to the information overload from real and digital world, 

difficulty to concentrate (Cheon, Lee, Crooks, & Song, 2012; Hwang & Wu, 2014; 

Lowenthal, 2010; Wang, Wu, & Wang, 2009).  

2.5.1 Motivation and Performance in Mobile-Based Assessment  

Mobile technologies provide new and enhanced functionalities and opportunities in 

assessments (personalization and adaptivity, context-awareness and ubiquity, interactivity, 

communication and collaboration among learners) (Sung, Chang, & Liu, 2016; West & 

Vosloo, 2013). Previous research provided evidence that mobile-based assessment has the 

potential to enhance learning motivation and promote learning performance in terms of exam 

grades. Despite the fact that only 7% of the studies examining the use of mobile devices in 

education focus in assessment (Cheung & Hew, 2009), the majority of the MBA studies 

reported a positive impact of MBA on student learning motivation and even performance.   A 

formative assessment for ecology observation (Hung et al., 2010), a context-aware 

assessment with geolocated questions to be answered in front of a real locations (Santos et 

al., 2011), classroom polling using mobile devices (Stowell, 2015), a series of mobile-based 

self assessments in a high school Physic class (Nikou & Economides, 2016b), mobile-testing 
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activities integrated in Moodle courses (Bogdanović, et al., 2013) are some of the studies 

providing evidence for the positive impact of MBA on student motivation and performance. 

2.5.2 The need for a Mobile-Based Assessment Acceptance Model 

Mobile-Based Assessment (MBA), as a computerized means of assessment that is 

delivered through mobile devices and technologies, borrows features from both mobile 

learning and computer-based assessment as well.  According to the above discussion, 

research about mobile learning acceptance is quite extensive (Liu, Han, & Li, 2010; Park, 

Nam, & Cha , 2012). Moreover, studies about Computer-Based Assessment (CBA) revealed 

that perceived ease of use, perceived playfulness and emotional feedback have a direct effect 

on behavioral intention to use a CBA system, while perceived usefulness, computer self 

efficacy, social influence, facilitating conditions, content and goal expectancy have only 

indirect effects (Terzis  & Economides, 2011).  

However, to the best of our knowledge, no research exists that explains and predicts 

students’ intention to use mobile-based assessment. Our study builds on the previous research 

on mobile learning and computer-based assessment acceptance to build a model for the 

acceptance of mobile-based assessment. 

Although MBA fits into the wider context of mobile learning, we argue that MBA 

acceptance should be studied systematically and separately from other mobile learning 

activities. This is due to the following reasons.  

First, in the wider context of Bring Your Own Device (BYOD), mobile-based 

assessment can be implemented as part of a pure mobile teaching and learning strategy or a 

blended approach complementing paper-based or other traditional forms of teaching and 

assessment. Therefore, its adoption should be studied separately from mobile learning 

adoption in general.  

http://www.emeraldinsight.com/author/Liu%2C+Yong�
http://www.emeraldinsight.com/author/Han%2C+Shengnan�
http://www.emeraldinsight.com/author/Li%2C+Hongxiu�
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Second, there are no mobile-based assessment related studies that focus explicitly on 

issues about acceptance and intention to use; existing studies mainly report students’ 

perceptions and attitudes about MBA in general. 

Third, despite the affordances that MBA provides, students’ reported general 

perceptions and attitudes about MBA are still inconsistent. Most mobile assessment related 

research reports positive students’ attitudes about the use of mobile devices in assessment 

(Bogdanovic, Barac, Jovanic, Popovic,  & Radenkovic, 2013; Chen, 2010; Hung, Lin, & 

Hwang, 2010; Hwang, & Chang, 2011; Lai & Chen, 2013).  However, there are some issues 

raised with regards to usability when comparing mobiles to desktop computers (Huff, 2015), 

security aspects (Thamadharan & Maarop, 2015) and technical limitations of mobile devices 

(Cheon, Lee, Crooks, & Song, 2012). Even personality and psychological limitations (Wang, 

Wu, & Wang, 2009) may discourage students from using mobiles for learning and 

assessment purposes, despite their everyday use for hedonic purposes (e.g. gaming, 

communicating with friends).  

Fourth, investigating the factors influencing MBA acceptance is essential for 

improving the educational outcome (Watering, Gijbels, Dochy, & Rijt, 2008).  Previous 

research provides evidence that students’ perceptions and attitudes about assessment are 

strongly related to their approaches to learning (Dhindsa, Omar, & Waldrip, 2007). Students’ 

attitudes on different assessment formats can have either positive or negative influences on 

performance (Boud, 1990). When assessment is perceived to be inappropriate, that implies a 

surface approach to learning (Struyven, Dochy, & Janssens, 2005). By taking into 

consideration students’ perceptions about MBA adoption and addressing them properly, we 

can design and implement more student-centered and engaging assessments that cater better 

diverse student learning needs.  
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Fifth, teacher beliefs and attitudes are always critical factors that influence the 

successful integration of new technologies into classrooms (Kim et al., 2013). Teachers not 

only are the primary agents that introduce new technologies into the classrooms but they can 

also influence students’ perceptions. Therefore, for the successful implementation of mobile-

based assessment the investigation of the teachers’ perceptions is of great significance. 

Although research provides some evidence about mobile learning acceptance from the 

teachers’ perspective (El-Gayar, Moran, & Hawkes, 2011), no study exists that examines 

teachers’ acceptance of mobile-based assessment. 

Therefore, one of the aims of the current thesis is to investigate the factors that 

influence MBA adoption in order to further develop and improve this relatively new delivery 

mode of assessment adding new evidence to the existing body of knowledge. 

2.5.3 The need for a Mobile-Based Assessment Motivation and Acceptance Model  

Many studies exist about mobile learning acceptance (Liu, Han, & Li, 2010).  

Perceived ease of use and perceived usefulness have been found to have a significant 

influence in mobile learning acceptance (Park, Nam, & Cha, 2012).  Furthermore, many 

external variables have been added so far to predict and explain behavioral intention to use 

mobile learning: performance expectancy, effort expectancy, social influence, perceived 

playfulness (Wang, Wu, & Wang, 2009), facilitating conditions (Iqbal & Qureshi, 2012), 

quality of service and personal innovativeness (Aish & Love, 2013), ICT literacy and anxiety 

(Mac Callum, Jeffrey, &  Kinshuk, 2014), social influence (Briz-Ponce et al., 2016). Most of 

these external variables are basically “technology-related enablers”.  

However, researchers agree that students’ intention to adopt mobile learning should 

be examined from a motivational perspective as well (Hashim, Tan, & Rashid, 2015). 

Previous studies  provided evidence   that  the predictive power of TAM is limited to 

utilitarian systems (productivity oriented) because it primarily concerns with extrinsic 
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motivations (perceived usefulness) while intrinsic motivations (conceptualized as perceived 

enjoyment) are usually underestimated  (van der Heijden, 2004). Mobile-based assessments 

not only have a utilitarian nature (e.g. “I need to get a good grade in the test in order to pass 

the course”) but a hedonistic as well (e.g. “I like to use mobiles to take the test whenever and 

wherever I prefer”). We claim that in order to understand students’ intention to adopt mobile-

based assessment we should examine the issue from a motivational perspective as well. 

Based on a model of Self-Determination Theory in online learning proposed by Chen 

and Jang (2010), online learning environments, including m-learning, require and support at 

the same time the following features: flexibility and choice, employment of technical skills 

and social interactions. These features are perfectly aligned to the basic constructs of SDT 

respectively: autonomy, competence and relatedness. Furthermore, the pedagogical 

framework of mobile learning proposed by Burden & Kearney (2016) highlights three 

distinctive features of m-learning: personalization, collaboration and authenticity. 

Connections with SDT are also emerging. The personalization feature has implications for 

autonomous learning. The collaboration feature captures the relatedness construct of the 

SDT. The authenticity feature, considered as the effectiveness of learning actions in authentic 

environments, connects to the SDT construct of competence.  Therefore, Self-Determination 

Theory of motivation may provide an appropriate theoretical framework to study mobile-

based learning. It also is an appropriate framework used to investigate the factors influencing 

intentions to use mobile devices for learning and assessment.  

Previous studies provide inconsistent results for students’ perceptions about MBA 

acceptance. There are studies reporting positive students’ attitudes about mobile-assisted 

assessment practices (Bogdanovic, Barac, Jovanic, Popovic,  & Radenkovic, 2013; Chen, 

2010).  However, there are also studies reporting students’ concerns about usability issues 

(Huff, 2015), security aspects (Thamadharan & Maarop, 2015) and even psychological 
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limitations associated with the use of mobile devices for assessment purposes (Wang, Wu, & 

Wang, 2009). Hence, it is important to investigate the factors that impact students’ intention 

to use mobile-based assessment in its own separate context.  The current study investigates 

intention to use mobile-based assessment   from both a technology acceptance and a 

motivation perspective as well. 

2.5.4 The need for a motivation oriented framework for Mobile-Based Assessment  

Motivation is a fundamental issue in learning (Reeve, Ryan, Deci, & Jang, 2008). 

Motivation is strongly related to self-regulation which, in turn, is among the best predictors of 

learning performance (Pintrich & De Groot, 1990). Moreover, motivation plays an important 

role in online learning environments (Hartnett, 2016). Motivated learners are more likely to 

actively engage in on-line learning. Therefore, the features of mobile learning related to 

motivation should be among the core constructs for the development of a conceptual 

motivation framework that could advise more engaging pedagogies.   Although a 

considerable body of research about the motivational impact of mobile learning exists (Nouri, 

Spikol, & Cerratto-Pargman, 2016; Sung, Chang, & Liu, 2016; Hwang & Wu, 2014), 

researchers agree that further investigation is needed in order to understand the motivation 

mechanics of mobile learning (Sha, Looi, Chen, & Zhang, 2012) and develop a 

comprehensive theoretical framework that could provide a solid background to develop 

pedagogically effective mobile learning programs (Park, 2011; Cochrane, 2014). 

Review of the related literature reveals a number of frameworks about mobile 

learning. Hsu and Ching (2015) reviewed and categorized seventeen such mobile learning 

frameworks based on the different aspects they were proposed for: six of these articles were 

related to pedagogies and learning environment design issues, five articles were related to 

platform and system design, four articles were about technology acceptance, one was related 

to evaluation and one article found to be related to psychological constructs. The latter 
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aforementioned article refers to the analytic self-regulated learning model of mobile learning 

(Sha, Looi, Chen & Zhang, 2012) and drawing on the notion of self-regulation (Zimmerman 

& Schunk, 2001)  describes a conceptual link between mobile learning and self-regulated 

learning.  

Furthermore, there exist a limited number of frameworks that address the issue of 

motivation in mobile learning as a peripheral and secondary subject. For example, Zurita & 

Nussbaum (2007) developed a conceptual framework for the design of a mobile Computer-

Supported Collaborative Learning (CSCL) system based on Activity Theory. Students 

involved in the suggested mobile supported CSCL activities self-reported higher motivation 

than they did in regular class activities. Ng and Nicholas (2013) proposed a person-centered 

model for developing sustainable mobile learning programs in schools, integrating multiple 

factors, including pedagogy. In their proposed model, a small percentage of the questionnaire 

given to teachers was related to the motivational aspects of students’ learning with PDAs. 

Yin et al. (2013) proposed a context-aware participatory simulation framework for designing 

mobile learning systems using scaffolding. Students involved in scaffolding approaches to 

participatory simulations increased their motivation levels.  

Also, a number of frameworks indirectly address various routes to motivation e.g. 

through social learning (Park, 2011), personalization (Harchay, Cheniti-Belcadhi & Braham, 

2015) or authentic learning scenarios (Bidarra & Rusman, 2017). Kearney et al. (2012) 

developed a pedagogical framework that highlights three basic features of mobile learning: 

authenticity, collaboration and personalization. Under the lenses of motivation theories, the 

personalization feature has strong implications for autonomous learning, the collaboration 

feature highlights opportunities for online networking and data sharing, and the authenticity 

feature privileges contextualized and situated learning. Table 2.3 summarizes the above 

discussion about the mobile learning frameworks that incorporate motivation issues.  
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Table 2.3. Summary of mobile learning frameworks related to motivation 
Investigates 
motivation  

Study Findings 

as core subject Sha, Looi, Chen & Zhang 
(2012) 

mobile learning analysis  
under the lens of Self-
Regulation 
 

as peripheral subject Zurita & Nussbaum (2007) mobile supported CSCL 
activities enhance motivation  

 Ng and Nicholas (2013) motivational aspects of 
students’ learning with PDAs 

 Yin et al. (2013) scaffolding approaches to 
mobile-based participatory 
simulations increase 
motivation  
 

indirectly  Park (2011) motivation through social 
learning 

 Harchay, Cheniti-Belcadhi 
& Braham (2015) 

motivation through 
personalized learning 

 Bidarra & Rusman (2017) motivation through authentic 
learning 

 Kearney et al. (2012) authenticity, collaboration and 
personalization enhance 
motivation 

 

However, the aforementioned frameworks do not adequately investigate the 

underlying mechanisms that promote students’ motivation. While several motivational issues 

have been already raised in the aforementioned studies, research approaches regarding 

motivation frameworks in the context of mobile-based assessment are still somewhat 

fragmented. No framework exists that focuses on the motivation mechanics of mobile-based 

assessment. One of the goals of this dissertation is to propose a comprehensive conceptual 

framework that addresses the motivational features of mobile-based assessment.  
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PPAARRTT  TTWWOO  ––  MMoobbiillee--BBaasseedd  AAsssseessssmmeenntt  AAcccceeppttaannccee  

Chapter 3: Towards a TAM for MBA 

3.1 The effects of Perceived Mobility and Satisfaction on the adoption of Mobile-Based 
Assessment  

 
3.1.1 Introduction 

In order for a mobile-based assessment strategy to be implemented successfully, it is 

necessary to investigate the factors that influence its adoption from the learning community. 

TAM (Davis, 1989) is a well established technology acceptance model that has been 

successfully used to explain the adoption of different educational technologies. Many studies 

have used TAM as a framework to explain and predict student’s acceptance of mobile 

learning (Aish & Love, 2013; Park, Nam & Cha, 2012) and computer-based assessment 

adoption (Terzis, Moridis, Economides, & Rebolledo-Mendez, 2013; Terzis & Economides, 

2013; Terzis & Economides (2011). However, as explained in the previous chapter, there is a 

gap in the literature about the adoption of Mobile-Based Assessment. The current study is a 

preliminary effort to explain and predict the acceptance of a mobile-based assessment system. 

Researchers argue that m-learning users may have different roles (technology users, 

consumer and learners) (Liu, Han, & Li, 2010). Therefore different factors driving mobile 

learning adoption should be incorporated in an extended TAM model. Mobility is perceived 

to be the most significant feature of mobile devices (Mallat, Rossi, Tuunainen, & Oorni, 

2006). Our model introduces perceived mobility, as an external TAM variable, from the point 

of view of technology user. Moreover, many researchers (van der Heijden, 2004; Roca & 

Gagné, 2008) claim that the predictive power of TAM is limited to utilitarian systems 

(productivity oriented) because it is primarily concerned with extrinsic motivations 

(perceived usefulness) while intrinsic motivations (conceptualized as perceived enjoyment or 
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satisfaction) are usually underestimated.  The current study examines the effect of satisfaction 

(as a form of intrinsic motivation) on the students’ intention to use mobile-based assessment. 

3.1.2 Research Model and Hypothesis  

The theoretical framework of the current study is the Technology Acceptance Model 

(TAM), explained in section 2.1.   

Our model about mobile-based assessment adoption proposes the following hypotheses 

according to the basic TAM structure: 

Hypothesis 1a: Perceived Ease of Use (PEOU) has a positive effect on Perceived Usefulness 

(PU).  

Hypothesis 1b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral Intention 

to Use (BIU). 

Hypothesis 2:  Perceived Usefulness (PU) has a positive effect on Behavioral Intention to Use 

(BIU).  

Beyond the original TAM constructs, a number of external variables have been added 

to it in order to improve its predictive power. In the context of mobile-based assessment in a 

field trip, the current study introduces the constructs of Perceived Mobility (PM) and 

Satisfaction (S). The study investigates how these factors contribute to the user’s perception 

of how easy mobile-based assessment is, how useful it is and the degree of the students’ 

intention to use the system.    

Perceived mobility (portability) is defined as ‘‘the extent of user awareness of the 

mobility value of mobile services and systems’’ (Huang, Lin, & Chuang, 2007). Users, who 

perceive the value of mobility, appreciate the ubiquity of mobile learning and have a strong 

perception of its usefulness. Previous research shows that perceived mobility significantly 

impacts perceived usability and perspectives of users toward mobile services (Huang, Lin, & 
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Chuang, 2007; Park & Kim, 2013). Also, the mobility value compensates the technical 

limitations of mobile devices (e.g. screen size, low battery life) by enabling users to access 

information anytime and anywhere and enhancing this way users’ acceptance of mobile 

services during mobile-based learning and assessment. 

Therefore, we hypothesize that:  

Hypothesis 3a: Perceived Mobility (PM) has a positive effect on Perceived Usefulness (PU). 

Hypothesis 3b: Perceived Mobility (PM) has a positive effect on Perceived Ease of Use 

(PEOU). 

Satisfaction is defined as a sense of contentment that arises from an actual experience 

in relation to an expected experience (Hernon, & Whitman, 2001). It is the overall affective 

evaluation of a user regarding his or her experience related to an activity (Chang, 2013). 

Many previous studies have shown that perceived satisfaction with a particular service 

positively affects the intention of users to use the service on an ongoing basis (Park, Baek, 

Ohm, & Chang, 2014). Also, new technologies that are considered enjoyable are less likely to 

be difficult to use and satisfaction seems to correlate with the users’ positive attitudes. Thus 

we hypothesize:  

Hypothesis 4a: Satisfaction (S) has a positive effect on Perceived Ease of Use (PEOU). 

Hypothesis 4b: Satisfaction (S) has a positive effect on Behavioral Intention to Use (BIU). 

The research model and all the hypotheses proposed in our model are depicted in 

Figure 3.1.1. 
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Fig. 3.1.1 The proposed extended TAM model. 

3.1.3 Methodology 

Participants  

The participants in this study were 47 secondary school students enrolled in a project-

based course about environmental education. There were 21 males (45%) and 26 females 

(55%). The average age of students was 16.2 (SD = 1.01). Even though students have never 

used their mobile devices into a mobile learning activity so far, they were confident enough 

to use their devices for answering the questions (Kenny, Neste-Kenny, Burton, Park, & 

Qayyum, 2012) during the assessment activity since the median mobile self-efficacy score 

was 85 out of 100.  

Procedure  

The learning environment was the city’s Botanic garden. The main educational activity 

was a mobile-based assessment procedure in the context of a project-based course about 

Environmental Education. The objective of the learning activity was to introduce students to 

plants’ morphology, taxonomy, usage and their role in biodiversity. Students used their 

mobile devices (equipped with camera and the appropriate Quick Response - QR application) 

to scan QR codes placed on the target plants under investigation, as figure 3.1.2 shows. By 

scanning the QR codes, students were redirected each time to web addresses with relevant 

learning content and questions about the plants under observation. The questions were all of 
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multiple choice type to facilitate data entry. Students prompted to answer the questions. Once 

students provided the questions the system provided the correct answers. After the learning 

activity, students were asked to respond to a survey questionnaire, self-reporting their 

attitudes about the assessment procedure. 

 

 

Fig 3.1.2 Mobile-based assessment. 

Instrument  

In order to evaluate the Perceived Mobility, Satisfaction, Perceived Usefulness and 

Perceived Ease of Use and Behavioral Intention to Use Mobile-Based Assessment we have 

constructed a research instrument based on previous established questionnaires that were 

used and validated by other researchers. The questionnaire items used are described in 

Appendix A. Items for Perceived Usefulness (PU), Perceived Ease of Use (PEOU) and 

Behavioral Intention to Use (BIU) were adopted from (Davis, 1989). To assess Perceived 

Mobility (PM) we adopted items from (Huang, Lin, & Chuang, 2007) and to access 

Satisfaction (S) we adopted items form (Park, Baek, Ohm,  &   Chang, 2014). Minor wording 

modifications of the items were made in order for them to describe the current research 

context (mobile-based assessment), i.e. the item “I intend to use e-learning in the future” was 

substituted by the item “I intend to use mobile devices for assessment purposes in the future”.  

The initial development of the questionnaire was made in English and then a native bilingual 
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speaker translated it into the Greek language. All items were measured using 7-point Likert 

scales ranging from 1 (strongly disagree) to 7 (strongly agree). 

3.1.4 Data Analysis 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle, Wende, & Will, 2005)  was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption.  Our sample size exceeds the recommended value of 30 (10 times the largest 

number of independent variables impacting a depended variable). 

Convergent and discriminant validity of the proposed research model need to be verified 

in order to ensure the quality of the model. Convergent validity is evaluated based on the 

following three criteria: (1) all the indicators factor loadings should exceed 0.7, (2) composite 

reliability of each construct should exceed 0.7 and (3) the average variance extracted (AVE) 

by each construct should exceed the variance due to measurement error for that construct 

(AVE > 0.5). As table 3.1.1 shows, all criteria for convergent validity are satisfied: all factor 

loadings on their relative construct exceed 0.7 and all AVE values range from 0.598 to 0.785 

(AVE > 0.5)   Discriminant validity is supported when the square root of the average variance 

extracted (AVE) of a construct is higher than any correlation with another construct. As table 

3.1.2 shows, all AVE square root values are greater than the intercorrelation values between 

constructs. Thus both convergent and discriminant validity for the proposed research model 

are verified.  
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Table 3.1.1 Descriptive statistics and the results for convergent validity for the measurement  
model (accepted threshold values in brackets)   

Construct 
Items Mean (SD) 

Factor 
Loading 
(>0.70) 

Cronbach’s a 
(>0.70) 

Composite 
Reliability 

(>0.70) 

Average 
Variance 
Extracted 

(>0.50) 
Perceived Ease 

of Use 

5.79 (0.88)  0.867 0.795 0.690 

PEOU1  0.786    

PEOU2  0.832    

Perceived 

Usefulness 

4.77 (1.29)  0.769 0.801 0.710 

PU1  0.795    

PU2  0.801    

PU3  0.860    

Perceived 

Mobility 

5.98 (0.92)  0.812 0.842 0.785 

PM1  0.891    

PM2  0.811    

PM3  0.740    

Satisfaction 5.11 (1.65)  0.822 0.824 0.598 

S2  0.820    

S2  0.714    

S3  0.707    

Behavioral 

Intention to Use 

5.02 (0.79)  0.890 0.982 0.742 

BIU1  0.857    

BIU2  0.721    

BIU3  0.733    
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Table 3.1.2  Discriminant  validity of the model   (values in bold:  the square root of the 
average variance extracted) 

Construct PEOU PU PM S BIU 

 PEU 0.83     

 PU 0.57 0.84    

 PM 0.34 0.46 0.88   

 S 0.41 0.57 0.45 0.77  

 BIU 0.22 0.17 0.69 0.51 0.86 

Bold values: the square root of the average variance extracted (AVE) of each construct. 

 

3.1.5 Results 

Table 3.1.3 and Figure 3.1.3 summarize the structural model results. The figure shows the 

path coefficient for each path with its significance (as asterisks) and the R2 for each 

endogenous variable.  

            Table 3.1.3 Summary of findings  

Hypothesis Effect Coefficient support 

Hypothesis 1a PEOU  PU 0.31** yes 

Hypothesis 1b PEOU  BIU 0.38*** yes 

Hypothesis 2 PU   BIU 0.29** yes 

Hypothesis 3a PM  PU 0.25** yes 

Hypothesis 3b PM  PEOU 0.47*** yes 

Hypothesis 4a S  PEOU 0.19** yes 

Hypothesis 4b S  BIU 0.41***              yes                              

*p < .05,**p < .01,  ***p < .001. 

 
The model explains 24% of variance in Perceived Ease of Use (R2=0.24), 34% in Perceived 

Usefulness (R2=0.34) and 47% in Behavioral Intention to Use (R2=0.47).  
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                                  Figure 3.1.3 Result of the structural model. 

 

3.1.6 Conclusions and Discussions  

The current study extends Technology Acceptance Model with the variables of 

Perceived Mobility and Satisfaction. Perceived Mobility is the distinguished advantage of 

mobile learning over traditional forms of education. Mobile learners can access learning 

resources “anytime” and “anyplace” without any temporal and spatial limitations. This 

technological feature has a significant influence on user’s attitudes and perceptions about 

mobile-based learning and assessment, which is in agreement with previous research (Liu, 

Han, & Li, 2010). Students appreciate the mobility feature that mobile devices offer during 

the educational activity outdoors. Therefore, Perceived Mobility significantly impacts user 

adoption of mobile-based assessment.  

Satisfaction is the psychological enabler that provides a link between technology 

acceptance and motivation. Previous research has shown that satisfaction has a significant 

effect on behavioral intention to use mobile communication services (Park & del Pobil, 2013) 

and social network games (Chang, 2013). Our findings provide evidence that satisfaction has 

a significant effect on behavioral intention to use mobile-based assessment as well. 

Satisfaction, as a hedonic variable, plays a critical role in the adoption of mobile-based 
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assessment. It is the intrinsic motivational factor that opens to the primary utilitarian nature of 

TAM a new window to theories of intrinsic motivation. The current study supports previous 

findings of previous research that have extended TAM to include variables from Self-

Determination Theory (Nikou & Economides 2014a; 2014b). Students are more willing to 

use a mobile-based assessment system that is enjoyable, satisfactory and intrinsically 

motivating.  

To the best of our knowledge, this study is the first that investigates secondary students’ 

attitudes and perceptions about the use of mobile devices in learning and assessment 

procedures during outdoor education in Greece. This study contributes to the research in the 

adoption of mobile learning by focusing in the field of mobile-based assessment adoption. It 

provides further evidence that when mobile-based assessment is considered useful and easy 

to use, students are more likely to adopt it.   

The results of the study can be valuable for researchers in the field of technology 

adoption, educational policy administrators, instructional designers and teachers. Mobile 

technologies offer innovative ways that have the potential to enhance assessment if they build 

upon proper theoretical frameworks (Economides, 2009; 2008). Mobile devices can be used 

both in in-class and outdoor “on-the-spot” assessments. They can be used not only in a pure 

mobile learning curriculum but in blended learning approaches as well. Students would like 

to use mobile devices for educational purposes (Economides & Grousopoulou; 2010) and 

therefore educational policy makers and instructional designers should facilitate the use of 

mobile devices for learning and assessment.   
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3.2 The role of Personal Innovativeness and Previous Experience in explaining and 

predicting Mobile-based Assessment adoption 

3.2.1 Introduction 

Despite the growing interest for mobile-based assessment (MBA), little research has 

been done towards the factors that influence its adoption by students’. While research about 

mobile-learning adoption (Aish & Love, 2013; Hwang & Wu, 2014; Park, Nam, & Cha, 

2012) and computer-based assessment adoption (Terzis & Economides, 2011; Terzis, Moridis  

& Economides, 2012; Terzis, Moridis, Economides, & Rebolledo-Mendez, 2013) exist, 

research about mobile-based assessment adoption is limited (Triantafillou, Georgiadou, & 

Economides, 2008; Nikou & Economides, 2014a; 2014b).  

Technology Acceptance Models (Davis, 1989) is a widely used and validated 

instrument measuring Technology Acceptance in many educational settings. This study 

extends the Technology Acceptance Model with two external variables (Previous Experience 

and Personal Innovativeness) in order to explain and predict mobile-based assessment 

acceptance by University students. The study first describes the proposed research model and 

then it presents the methodology used. Finally research results with conclusions follow. 

3.2.2. Research Model and Hypothesis 

In-line with the classic TAM approach, our model about mobile-based assessment 

proposes the following hypotheses: 

Hypothesis 1a: Perceived Ease of Use (PEOU) has a positive effect on Perceived Usefulness 

(PU).  

Hypothesis 1b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral Intention 

to Use (BIU). 

Hypothesis 2:   Perceived Usefulness (PU) has a positive effect on Behavioral Intention to 

Use (BIU).  
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Personal innovativeness in the domain of information technology is a construct that 

has been developed and validated by Agarwal and Prasad (1998). It has been defined as “the 

willingness of an individual to try out any new information technology” (Agarwal & Prasad, 

1998, p. 206). Previous research has shown that personal innovativeness in the domain of 

information technology is an important factor in technology acceptance. We hypothesize that:  

Hypothesis 3a: Personal Innovativeness (PI) has a positive effect on Perceived Ease of Use 

(PEOU). 

Hypothesis 3b: Personal Innovativeness (PI) has a positive effect on Perceived Usefulness 

(PU). 

Hypothesis 3c: Personal Innovativeness (PI) has a positive effect on Behavioral Intention to 

Use (BIU). 

Many authors consider that the previous experience is the more efficient moderating 

factor in accepting an information system (King & He, 2006).  As a result, we assume that 

students who have already experience in using mobile devices for learning purposes will be 

more willing to use the mobile-based assessment than inexperienced students. Therefore we 

assume that: 

Hypothesis 4a: Previous experience (PE) has a positive effect on Perceived Ease of Use 

(PEOU). 

Hypothesis 4b: Previous experience (PE) has a positive effect on Behavioral Intention to Use 

(BIU). 

Fig. 3.2.1 presents the theoretical research model under investigation. 

 

Fig 3.2.1: The Research Model 
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3.2.3 Methodology 

Participants 

The participants in the study were 193 first-year undergraduate students from an 

introductory informatics course, in the Department of Economic Sciences of a Greek 

University. There were 103 males (53%) and 90 females (47%). The average age of students 

was 19.5 (SD = 1.23). Students participated, in a voluntary basis, in a low-stake mobile-based 

assessment procedure that took place towards the end of the fall semester inside the lecture 

hall. They used their own wi-fi enabled smartphones (80% Android, 12%  iOS,  7% Windows 

Phone and 1% other) in order to answer a total of 30 multiple-choice questions delivered 

from a questions database through a mobile quiz application.  

Instruments 

For Perceived Usefulness, Perceived Ease of Use and Behavioral Intention to Use we 

adopted items from (Davis, 1989). For Personal Innovativeness toward IT we adopted items 

from Agarwal and Prasad (1998). Previous experience was conceptualized as how long and to 

what extend students have been used mobile devices for searching the internet and answering 

quizzes for educational purposes. All items were measured on a seven point Likert-type scale 

with 1 corresponding to “strongly disagree” and 7 to “strongly agree”.  

3.2.4 Data analysis 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle, Wende, & Will, 2005) was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption. Both convergent and discriminant validity for the proposed research model are 

verified. All factor loadings on their relative construct exceed 0.70, composite reliability of 

each construct exceed 0.70  and all average variance extracted (AVE) values range from 

0.547 to 0.734 (AVE > 0.50) exceeding the variance due to measurement error for that 

construct (Table 3.2.1). Discriminant validity is also supported since the square root of the 
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average variance extracted (AVE) of a construct is higher than any correlation with another 

construct (Table 3.2.2).  

Table 3.2.1: Descriptive statistics and results for convergent validity  for the                   
measurement model 

Construct Items 
Mean 

(SD) 

Factor 

Loading 

(>0.70) 

Cronbach’s 

a 

(>0.70) 

Composite 

Reliability 

(>0.70) 

Average 

Variance 

Extracted 

(>0.50) 

Perceived Ease of Use 5.76 (0.86)  0.817 0.831 0.734 

PEOU1  0.786    

PEOU2  0.897    

Perceived Usefulness 5.39 (1.22)  0.845 0.824 0.715 

PU1  0.810    

PU2  0.824    

PU3  0.702    

Personal 

Innovativeness 

4.78 (1.17)  0.823 0.799 0.547 

PI1  0.714    

PI2 

PI3 

 0.832 

0.753 

   

Previous Experience 4.98 (0.89)  0.770 0.811 0.679 

PE1  0.835    

PE2 

PE3 

 0.892 

0.736 

   

Behavioral Intention 

to Use 

5.91 (0.77)  0.902 0.897 0.602 

BIU1  0.910    

BIU2  0.824    

BIU3  0.745    
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Table 3.2.2 Discriminant validity for the measurement model 

Construct PEOU PU PE PI BIU 

Perceived Ease of Use (PEU) 0.86     

Perceived Usefulness (PU) 0.62 0.85    

Previous Experience (PE) 0.45 0.22 0.82   

Personal Innovativeness (PI) 0.36 0.39 0.65 0.74  

Behavioral Intention to Use (BIU) 0.11 0.67 0.48 0.21 0.77 

 

3.2.5 Results 

The results from the PLS analysis support all eight hypotheses; the path coefficient for 

each path is shown in the parentheses:  

1)  Perceived Ease of Use has a positive effect on Perceived Usefulness (0.29),  

2)  Perceived Ease of Use has a positive effect on Behavioral Intention to Use (0.42),  

3)  Perceived Usefulness has a positive effect on Behavioral Intention to Use (0.34),  

4)  Personal Innovativeness has a positive effect on Perceived Ease of Use (0.31),  

5)  Personal Innovativeness has a positive effect on Perceived Usefulness (0.19),   

6)  Personal Innovativeness has a positive effect on Behavioral Intention to Use (0.14),   

7)  Previous Experience  has a positive effect on Perceived Ease of Use (0.15),  

8)  Previous Experience  has a positive effect on Behavioral Intention to Use (0.12) 

The values of R2 for the four endogenous variables of our model, i.e. Perceived Usefulness, 

Perceived Ease of Use and Behavioral Intention to Use are 0.27, 0.32 and 0.45 respectively. 

According to the model:  

1) Perceived Ease of Use and Personal Innovativeness explain about 32% of the total 

variance in Perceived Usefulness.  
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2) Previous Experience and Personal Innovativeness explain about 27% of the total variance 

in Perceived Ease of Use.  

3) Previous Experience, Personal Innovativeness, Perceived Ease of Use and Perceived 

Usefulness explain about 45% of the total variance in Behavioral Intention to Use.  

Table 3.2.3 and Figure 3.2.2 summarize the structural model results. The figure shows the 

path coefficient for each path with its significance (as asterisks) and the R2 for each 

endogenous variable.  

Table 3.2.3 Summary of findings 

Hypotheses Effect   Coefficient support 

Hypothesis 1a PEOU  PU 0.29*** yes 

Hypothesis 1b PEOU BIU 0.42*** yes 

Hypothesis 2 PU  BIU 0.34** yes 

Hypothesis 3a PI  PEOU 0.31*** yes 

Hypothesis 3b PI  PU 0.19** yes 

Hypothesis 3c PI  BIU 0.14*** yes 

Hypothesis 4a PE  PEOU 0.15** yes 

Hypothesis 4b PE  BIU 0.12*** yes 

*p < .05,**p < .01, ***p < .001. 

                                     

 

Fig.3.2.2: The Research Model – SEM Analysis 
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Overall, the study found evidence that Previous Experience and  Personal Innovativeness are 

associated with higher perceptions of easiness and usefulness of mobile-based assessment 

and therefore with higher level of adoption. 

3.2.6 Conclusions and Discussions  

The current study proposes an extension to TAM for MBA that explains 45% of the 

total variance in Behavioral Intention to Use Mobile-Based Assessment (MBA). The study 

provides evidence that there are significant relations between Previous Experience in mobile 

learning and Behavioral Intention to Use MBA and between Personal Innovativeness and 

Behavioral Intention to Use MBA. The perception of how easy is to use a mobile-based 

assessment system, positively influences the intention to use the system. Also when MBA is 

considered useful, it is more likely that students will use it. This is in-line with the general 

literature about Technology Acceptance (Davis, 1989) and also with the specific literature 

about mobile learning acceptance (Aish & Love, 2013; Hwang & Wu, 2014; Park, Nam, & 

Cha, 2012). The positive influence of Personal Innovativeness on adoption to use MBA is in-

line with the study results from the research on the innovation diffusion theory (Agarwal  & 

Prasad,  1998; Lu, Yao, & Yu, 2005). Also, previous experience is the more efficient 

moderating factor in TAM research (Venkatesh & Davis, 2000; King & He, 2006). This is 

also confirmed by the current study in the context of mobile-based assessment.  

From the previous analysis, it appears that designers of mobile-based assessments, 

educational policy administrators and educators should take into consideration all the above 

factors that influence MBA acceptance when they design and implement assessments to be 

delivered through mobile devices. 

Mobile learning (including mobile-based assessment) has a huge potential to 

transform learning processes. For a successful mobile learning implementation strategy, more 
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research about the factors that influence students’ acceptance need to be done.  The 

contribution of the current study is in this direction. The next chapter describes a more 

comprehensive approach that incorporates additional external variables into the basic 

technology acceptance model in order to provide a better approach to explain and predict 

behavioral intention to use mobile-based assessment. Investigating the impact of these 

external variables on students’ MBA adoption will lead to a better understanding of mobile-

based assessment adoption and more successful implementation strategies.  
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Chapter 4: Mobile-Based Assessment Acceptance Model (MBAAM) 

                 

4.1 Introduction 

The acceptance and adoption of mobile learning is a topic of growing interest in the 

field of education and it is still evolving (Briz-Ponce, Pereira, Carvalho, Juanes-Méndez, & 

García-Peñalvo, 2016; Cheon, Lee, Crooks, & Song, 2012; Liu, Han, & Li, 2010). Many 

scholars have investigated the acceptance of mobile learning from the students’ perspective 

(Aish & Love, 2013; Mac Callum, Jeffrey, & Kinshuk, 2014; Park, Nam, & Cha, 2012) and 

teachers’ perspective (Uzunboylu & Ozdamli, 2011) as well.  Research also exists about the 

acceptance of computer-based assessment (Terzis & Economides, 2011).  

As previously explained, research about mobile-based assessment acceptance is very 

limited. Users’ perceptions about MBA are still inconsistent (Bennett, Dawson, Bearman, 

Molloy, & Boud, 2016) and also, there are several unresolved issues relating to usability 

issues (Cheon, Lee, Crooks, & Song, 2012; Huff, 2015) and user perspectives (Wang, Wu, & 

Wang, 2009). MBA related research have been focusing primarily on students’ perceptions 

and attitudes in general and not specifically on acceptance issues and intention to use. 

Chapter 3 described already two approaches that investigate driving factors that contribute to 

the acceptance and intention to use Mobile-Based Assessment (MBA). 

The current study is aiming at providing a more comprehensive model about MBA 

acceptance.  The spinning off knowledge and experience about MBA acceptance can be 

essential for education professionals to design, implement and deliver more engaged and 

effective mobile-based assessments.  

This chapter is organized as follows. The next section presents the research model 

with the hypotheses to be tested. Methodology section (participants, instruments and 
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procedure) follows with the data analysis and results section to come afterwards. Discussions 

and conclusions for the impact in education follow along with the limitations of the study and 

future work.    

4.2 The Research Model 

The current study is based on the original Technology Acceptance Model (TAM) 

(Davis, 1989) as well as other subsequent studies - including UTAUT - that extended TAM 

model with external variables. It also considers variables related to the distinguished features 

of Mobile-Based Assessment (MBA). TAM is a valid and robust model (King & He, 2006). 

Moreover, since TAM and successive studies examine technology adoption in institutional or 

organizational contexts (Davis, 1989; Venkatesh et al., 2003) and the use of mobile devices 

for assessment belongs in the context of an educational organization, TAM is an appropriate 

theoretical background for our study. We have developed  the following hypotheses in order 

to test the effect of the variables of Perceived Ease of Use (PEOU), Perceived Usefulness 

(PU), Facilitating Conditions (FC), Social Influence (SI), Mobile Device Anxiety (MDA), 

Personal Innovativeness (PI), Mobile Self-Efficacy (MSE), Perceived Trust (PT), Cognitive 

Feedback (CF), Content (C), Perceived Ubiquity Value (PUV), User Interface (UI) on 

Behavioral Intention to Use (BIU) Mobile-Based Assessment.   

 

Perceived Ease of Use (PEOU) and Perceived Usefulness (PU) 

As explained in section 2.1, in the technology acceptance literature (Davis, 1989; 

Davis, Bagozzi, & Warshaw, 1989), Perceived Ease of Use (PEOU) and Perceived 

Usefulness (PU) significantly affect intention to use technology. Previous research has shown 

that users perceiving a new technology as useful or as easy to use it, they are more likely to 

adopt it; also a positive effect of Perceived Ease of Use on the Perceived Usefulness of a new 
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technology was found (Chin & Todd, 1995). The same relationships among these variables 

exist for mobile learning (Aish & Love, 2013; Briz-Ponce, Pereira, Carvalho, Juanes-

Méndez, & García-Peñalvo,  2016;  Mac Callum,  Jeffrey, & Kinshuk , 2014;  Park, Nam, & 

Cha,  2012) and computer-based assessment acceptance as well (Terzis & Economides, 

2011). In-line with previous research, our model about mobile-based assessment proposes the 

following hypotheses:   

Hypothesis 1a: Perceived Ease of Use (PEOU) has a positive effect on Perceived Usefulness 
(PU).  

Hypothesis 1b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral Intention 
to Use (BIU). 

Hypothesis 2:   Perceived Usefulness (PU) has a positive effect on Behavioral Intention to 

Use (BIU).  

Social Influence 

Social Influence (SI) has been introduced through the Unified Theory of Acceptance 

and Use of Technology (UTAUT) model (Venkatesh, Morris, Davis, & Davis, 2003). 

Venkatesh et al. (2003) defined social influence as the “degree to which an individual 

perceives that important others believe he or she should use the new system”. Previous 

studies have shown that social influence positively affects users’ perceptions about the 

system’s usefulness and has a significant impact on an individual’s intention to adopt a new 

technology, especially during the initial stages of technology adoption (Venkatesh et al., 

2003).  In the context of computer-based assessment, social influence has a positive effect on 

Perceived Usefulness (Terzis & Economides, 2011). The same holds for mobile learning as 

well (Wang, Wu, & Wang, 2009). Students may have never used mobile devices for 

assessment in the past. Therefore, they may need to value the opinion of their teachers, 

parents or other people that influence their behavior about the usefulness of the system. In the 

context of mobile-based assessment acceptance, we make the following hypothesis:  
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Hypothesis 3: Social Influence (SI) has a positive effect on Perceived Usefulness (PU). 

 

Facilitating Conditions 

Facilitating Conditions (FC) have been also introduced through the UTAUT model 

and have been defined as the “degree to which users believe that the necessary infrastructures 

exist to support the use of a technological system” (Venkatesh, Morris, Davis, & Davis, 

2003). Facilitating Conditions can be anything that acts supportively towards the 

implementation of the assessment procedure such as administrative, organizational or 

technical support, knowledge and other resources. Research has shown that Facilitating 

Conditions have a significant influence on behavioral intention to use (Venkatesh, Morris, 

Davis, & Davis, 2003).  The same holds for mobile learning acceptance as well (Chen & 

Huang, 2012; Wang, Wu, & Wang, 2009). In the context of our study, we describe 

Facilitating Conditions mainly as the proper technical infrastructure (e.g. internet 

connectivity) and the availability of a technical expert ready to support students to overcome 

technical problems that may arise while using the mobile devices. In computer-based 

assessment, facilitating conditions have a positive impact on Perceived Ease of Use (Terzis & 

Economides, 2011). In the context of mobile-based assessment we also hypothesize that:  

Hypothesis 4: Facilitating Conditions (FC) have a positive effect on Perceived Ease of Use  

        (PEOU). 

 

Personal Innovativeness 

In the Information Technology domain, Personal Innovativeness (PI) is a construct 

that has been developed and validated by Agarwal and Prasad (1998). It has been defined as 

the willingness of an individual to try out a new information technology (Agarwal & Prasad, 

1998). Agarwal and Prasad (1998) reported that personal innovativeness has significant 

effects on perceived usefulness, perceived ease of use, and ultimately, acceptance of new 

technology. Mobile learning acceptance research provided evidence that personal 
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innovativeness positively relates to perceived ease of use (Liu, Li, & Carlsson, 2010; Joo, 

Lee, & Ham, 2014). An innovative individual is more likely to perceive mobile-learning and 

mobile-based assessment as an ease to use activity. We hypothesize that: 

Hypothesis 5: Personal Innovativeness (PI) has a positive effect on Perceived Ease of Use 
        (PEOU).  

Perceived Ubiquity Value (PUV) 

Ubiquitous computing refers to the use of “anytime” and “anywhere” sensor enabled 

wireless communication objects, being able to sense the situation of the users and provide 

adaptive personalized services (Hwang, Tsai, & Yang, 2008).    Technological advances in 

context-aware and ubiquitous technologies enabled the development of ubiquitous learning. 

Furthermore, scholars have identified that context-aware ubiquitous learning can facilitate 

active, authentic, cooperative and adaptive, personalized learning activities (Huang, Chiu, 

Liu, & Chen, 2011) inducing students to meaningful learning (Ausubel, 1963).  The current 

study introduces the construct of Perceived Ubiquity Value (PUV) as the users’ perception of 

the value of the ubiquity of the mobile device when using it in the mobile-based assessment. 

In the context of ubiquitous learning, assessment also needs to be redesigned: new strategies 

need to be employed in order to assess the newly introduced situated, authentic, cooperative 

and adaptive learning activities (Hwang, Tsai, & Yang, 2008). Based on previous research 

about meaningful ubiquitous learning (Huang, Chiu, Liu, & Chen, 2011), PUV has the 

following dimensions: active, authentic, cooperative and personalized. Users actively 

participate in real-world authentic learning scenarios, collaborating with peers and receiving 

at the same time personalized support. So far, no studies have associated Perceived Ubiquity 

Value with technology acceptance in the context of mobile learning.  Perceived Mobility 

(Huang, Lin, & Chuang, 2007), a similar construct, has been found to have a positive 

influence on Perceived Usefulness. Perceived Ubiquity Value, compared to Perceived 

Mobility, encompasses not only time and location independence (like perceived mobility 
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does) but also it incorporates context-awareness as well.  Perceived Ubiquity Value can be 

considered as a more comprehensive construct than Perceived Mobility. The ubiquity features 

of mobile devices enhance their functionalities and make them more useful. Therefore, 

Perceived Ubiquity Value has an impact on Perceived Usefulness. We hypothesize that: 

Hypothesis 6. Perceived Ubiquity Value (PUV) has a positive effect on Perceived Usefulness 
        (PU). 

Mobile Self-Efficacy 

Self-efficacy represents judgment of general ability to perform a behavior (Agarwal & 

Karahanna, 2000). Compeau and  Higgins (1995) defined Computer Self-Efficacy as “an 

individual’s perceptions of his or her ability to use computers in the accomplishment of a 

task” (p. 191). Computer Self-Efficacy has been identified to play a significant role in the 

adoption of computer supported education (Celik, & Yesilyurt, 2013) and computer-based 

testing as well (Lu, Hu, Gao, & Kinshuk, 2016). In mobile learning acceptance research, Mac 

Callum and Jeffrey (2013) found that ICT literacy and skills impact students’ intention to 

adopt.  Terzis and Economides (2011) found that computer self-efficacy has an important 

direct effect on perceived ease of use and an indirect effect on behavioral intention to use a 

computer-based assessment.  

We define Mobile Self-Efficacy (MSE) as an individual’s perceptions of his or her 

ability to use mobile devices in order to accomplish particular tasks (e.g. navigating through 

the Web). Based on the findings of the aforementioned research, we hypothesize that student 

efficacy in using mobile devices can directly affect his/her perceptions about the ease of use 

MBA. Therefore: 

Hypothesis 7. Mobile Self-Efficacy (MSE) has a positive effect on Perceived Ease of Use 

       (PEOU). 
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Mobile Device Anxiety (MDA) 

Computer Anxiety is already known that plays a significant role in the adoption of 

computer supported education (Celik & Yesilyurt, 2013). Research has shown that perceived 

anxiety is negatively related to Perceived Ease of Use (Liaw & Huang, 2015; Sánchez-Prieto, 

Olmos-Migueláñez, & García-Peñalvo, 2017).  Furthermore, previous research revealed a 

negative correlation between test anxiety and performance (Lu, Hu, Gao, & Kinshuk, 2016; 

Ortner & Caspers, 2011). Previous research confirmed that users with high ICT anxiety are 

less likely to adopt mobile learning (Mac Callum, Jeffrey, & Kinshuk, 2014). In our study, 

we define Mobile Device Anxiety (MDA) as the degree of an individual’s apprehension a 

user feels when he/she uses mobile technologies. A user with high anxiety levels in using 

mobile devices is less likely to consider mobile-based assessment as being easy to use. In 

accordance with previous research, we hypothesize that: 

Hypothesis 8. Mobile Device Anxiety (MDA) has a negative effect on Perceived Ease of Use  

        (PEOU). 
 
 
Content (C) 

The construct of Content (C) relates to the course content itself and the questions’ 

content also. Regarding the dimensions of the Content used in our study, we examine if the 

questions were clear, understandable, relating with syllabus and useful for the course. 

Content has been identified to have a great importance in e-learning and user satisfaction 

value (Shee & Wang, 2008). Also, in the context of computer-based testing, previous 

research (Terzis & Economides, 2011) provided evidence that the construct of Content has a 

direct influence on Perceived Usefulness and is a significant factor towards system 

acceptance. We hypothesize that in order for the assessment to be considered as useful, the 

questions should be clear, understandable and relating with the course. When assessment 
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questions are appropriate, the assessment itself can enhance learning progress and considered 

as useful by the students. Therefore, based also on previous research we hypothesize that:   

Hypothesis 9. Content (C) has a positive effect on Perceived Usefulness (PU). 
      
User Interface (UI) 

User interface (UI) in mobile learning refers to the user environment that includes the 

menus and various functions for controlling the mobile devices (Hiltunen, Laukka, & 

Luomala, 2007). Previous studies in e-learning acceptance (Liu, Chen, Sun, Wible, Kuo, 

2010) and mobile learning acceptance (Joo, Lee, & Ham, 2014) revealed that user interface is 

an important factor that affects usefulness and ease of use perceived by learners. The 

construct of User Interface in our study has three dimensions: design (Liu, Chen, Sun, Wible, 

& Kuo, 2010), navigation and interactivity (Lee, Moon, Kim, & Yi, 2015). When the design 

of the user interface facilitates user navigation and interactivity, users can easily use the 

system and therefore Perceived Ease of Use is supported. Therefore we hypothesize that: 

Hypothesis 10. User Interface (UI) has a positive effect on Perceived Ease of Use (PEOU). 
 
Cognitive Feedback (CF) 

The role of feedback is vital in education. Based on the timing dimension, it is 

classified as in advance, immediate or delayed, while based on the different mind dimensions 

can be cognitive, emotional or conative (Economides, 2009). Feedback has been shown to 

have a strong impact on learning and achievement (Hattie & Timperley, 2007). Research 

shows that the following two types of feedback are more useful for learning since they 

promote self-efficacy and improve student performance: immediate feedback with knowledge 

of correct response and elaborated feedback (van der Kleij et al., 2012; Wang & Wu, 2008). 

In the context of technology acceptance, emotional feedback has been found to have a 

positive influence on perceived usefulness and behavioral intention to use computer-based 

testing (Terzis, Moridis, & Economides, 2012). The cognitive feedback provided by the 
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classroom response systems, has been found to have a significant effect on students’ 

cognitive learning outcomes (Han & Finkelstein, 2013; Hunsu, Adesope, & Bayly, 2016).  

However, to the best of our knowledge, no connection of cognitive feedback with the 

acceptance and the intention to use MBA exists. The current study introduces cognitive 

feedback as a new construct in the technology acceptance model. Immediate and 

understandable feedback, relevant to the given questions supports the learning progress and 

student engagement. When students receive immediate feedback with knowledge of correct 

response they perceive assessment to be more useful. Therefore, we hypothesize that: 

 
Hypothesis 11. Cognitive Feedback  (CF)  has a positive effect on  Perceived Usefulness 

(PU). 

Perceived Trust (PT) 

Perceived Trust (PT) in a system is defined as the students’ perceptions about the 

reliability and trustworthiness of the system (Arpaci, 2016). The reliability, stability, 

creditability and security of an Information System have positive influence on users’ 

intention to use it (Ong, Lai, & Wang, 2004). Security and privacy positively influence trust 

which in turns positively affects behavioral intention to use mobile cloud storage services 

(Arpaci, 2016).  Perceived Trust is one of the most important factors of successful 

participation in online exams (Chang, Tseng, Chou, & Chen, 2011). Based on previous 

research by Liu, Chen and Lu (2015), we define the construct of Perceived Trust (PT) in the 

MBA context, as the degree of the perceived trustworthiness of a mobile-based assessment. 

Perceived Trust in MBA may depend on the reliability of the notarization process of user 

authentication, the ability of cheating prevention, the security of the information processed 

and the perceived reliability of the evaluation outcome (Liu, Chen & Lu, 2015). Robles-

Gómez et al., (2015) suggested that perceived trust in a self-evaluation assessment system 

influences system acceptance and improves learning. Mou, Shin and Cohen (2016) provided 
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evidence that Perceived Trust influences Perceived Usefulness of e-services affecting user 

acceptance. We consider that examinees who trust the MBA system they also consider it as 

useful and hence they are more likely to adopt it.  Therefore we hypothesize that: 

 
Hypothesis 12.  Perceived Trust (PT) has a positive effect on Perceived Usefulness (PU). 

Based on the previous hypotheses, we have developed the model shown in Figure 4.1 

to explain and predict the intention to use MBA. The external TAM variables are grouped 

based on user profile factors   (personal innovativeness, self-efficacy, anxiety, trust), mobile 

device features (user interface, ubiquity), environment factors (social influence, facilitating 

conditions) and educational content factors (content, cognitive feedback).  

 

Fig. 4. 1 Mobile-Based Assessment Acceptance Model (MBAAM). 
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4.3  Methodology 
 

Participants and Procedure 

The participants in the study were 145 students randomly selected from a senior-level 

high school in Europe. There were 68 males (47%) and 77 females (53%). The average age of 

students was 16.5 (SD = 1.24). One hundred and five students (73%) were enrolled in the 

first year while forty students (27%) were enrolled in the second year of the three-year high 

school located in an urban area. Students’ were informed in advance about the research 

procedure; their participation was voluntarily and all the data collected anonymously. 

Appropriate parental permissions and school ethical approval for the participation requested 

and approved. Semi-structured student interviews about their attitudes for assessment in 

general did not reveal any special favor or disfavor towards assessment with all students to 

acknowledge the importance of assessment in learning.  All participating students had used 

mobile devices for personal purposes in the past (gaming, web searching, communication, 

etc.). One-hundred and five students (72%) had used mobile devices for their own personal 

study (search for educational content, download class material, etc) while students’ 

experience with technology-based assessment (e.g. computer-based tests and classroom 

response systems) was very limited. Participating students used Wi-Fi enabled smartphones 

(79% Android, 16% iOS, 4% Windows Phone and 1% other) in order to participate in a series 

of mobile-based assessments.  

Since, the current study is aiming not to narrow itself in a particular assessment type (e.g. 

mobile-based survey or quiz) and is attempting   to model assessment in high school settings 

more generally, it implements a series of different mobile-based assessment activities, 

spanning in a time period of three weeks, as Table 4.1 shows.  
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During the first week, students used their mobile devices indoors, during their science 

class. Students used the mobile devices to participate in the following mobile-based 

assessment activities: i) classroom polling, ii) formative assessments with feedback (checking 

understanding of the subject matter taught) embedded in the science laboratory instructions 

(Fig. 4.2) , iii) mobile-based portfolio  to upload artifacts from their science experiments on 

the cloud and  iv) summative assessment at the end of the learning cycle. During the second 

week, students used their mobiles outside class in order to participate in two self- assessments 

and one formative assessment delivered as homework from the teacher. Finally, during the 

third week, students visited the city’s Botanic garden and participated in a two-hours learning 

and assessment activity, in the context of an environmental project (Fig. 4.3). Students used 

the mobile devices and QR-coding technology in order to navigate through the Botanic 

garden, collect artifacts (e.g. photos of the plants) and answer to a series of questions through 

a mobile-based authentic assessment.  

Table 4.1.  Assessment activities supported with mobile devices 

Time Context Activity Details Duration 
 

 

1st week 
Indoors :  

Classroom  and 
Science Lab 

A1 Classroom Response System  
using mobiles 

20 min 
 

 

A2 Formative assessments 
embedded in learning 

instructions 
 

60 min  

A3 Performance-based 
assessment:  

on-line student portfolios 
uploaded on cloud through 

mobile devices  
 

60 min  

A4 Summative assessment 
 

15 min  

2nd week Homework  
assignments 

A5 Mobile-based self- and 
formative-assessments 

 

3 x 20 
min 

 

3rd week Outdoors :  
 Botanic Gardens  

A6 Authentic assessment:  
QR-code supported plant 

observation activity 
 

90 min  

A7 Summative assessment 30 min  
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              Fig. 4.2 MBA in science lab                               Fig. 4.3 MBA in a field trip  

As Fig. 4.4 shows, our procedure follows the approach suggested from Sharples 

(2013), where mobile learning activities range from fixed settings - curriculum led to more 

informal and mobile settings. The current study, highlighting and supporting the continuity of 

mobile learning across contexts (classroom, outdoor school activities, homework), is aiming 

at modeling mobile assessment acceptance across a wide spectrum of high-school education 

activities. 

Activities  A1 A2, A3, A4 A5 A6, A7 
 Handheld  

response  
systems 

Mobiles  
in classrooms 

Mobile 
technology 

outside 
classrooms e.g. 

homework  

Mobile 
technology for 

field trips 

 Fixed settings, curriculum led Mobile, informal 
 

Fig. 4.4 Mobile activities, adopted from (Sharples, 2013). 

After the three week period, students were asked to fill-out a questionnaire with their 

perceptions about their experiences using mobile devices for their assessments and their level 

of acceptance of mobile-based assessment. 

Instruments 

In order to develop the instrument for our research about the acceptance of Mobile-

Based Assessment (MBA), we have adapted some items of the constructs from previously 
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validated instruments. For Perceived Usefulness (PU), Perceived Ease of Use (PEOU) and 

Behavioral Intention to Use (BIU) we adopted items form Davis (1989). For Social Influence 

(SI), Facilitating Conditions (FC), Mobile Device Anxiety (MDA), we have adopted items 

from Venkatesh, Morris, Davis and Davis (2003). For Mobile Self-Efficacy (MSE) we 

adopted items from Compeau and Higgins (1995), properly modified for the context of 

mobile-based assessment.  For Personal Innovativeness (PI) we adopted the items from Liu, 

Li and Carlsson (2010). For Content (C) we adopted items from Terzis and  Economides 

(2011). For Perceived Trust (PT) we adopted items from Liu, Chen and Lu (2015).  For the 

Cognitive Feedback (CF) we have developed an instrument consisting of four items referring 

to cognitive immediate feedback with knowledge of correct response. For the internal 

consistency of the instrument, Cronbach’s a was 0.85. For the Perceived Ubiquity Value 

(PUV), and in order to collect students’ perceptions about the ubiquity value of the MBA, we 

have developed an instrument consisting of four items referring to the following dimensions: 

activity, authenticity, cooperativeness and adaptivity (Huang, Chiu, Liu, & Chen, 2011).  For 

the internal consistency of the instrument, Cronbach’s a was 0.80. For User Interface (UI) we 

have adopted one item from Liu, Chen, Sun, Wible and Kuo (2010) referring to design and 

two items from  Lee, Moon, Kim and Yi (2015) referring to navigation and interactivity. For 

the internal consistency of the instrument, Cronbach’s a was 0.79. To conclude, our 

measurement instrument consists of 47 items and our research model consists of 13 

constructs. Table 4.2 summarizes the aforementioned instruments that contributed to the 

construction of the Mobile-Based Assessment Model (MBAAM). 

The questionnaire was developed in English and then translated into the native language 

of the students. The translation was made by certified translators to ensure linguistic 

equivalence. All items were measured on a seven point Likert-type scale with 1 
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corresponding to “strongly disagree” and 7 to “strongly agree”. The questionnaire used is 

shown in Appendix B.  

Table 4.2 Instruments and studies that MBAAM was based on.    

Group Construct Instrument - Study 
 Perceived Usefulness (PU) 

Technology Acceptance Model - 
Davis (1989) 

Perceived Ease of Use (PEOU) 

Behavioral Intention to Use 

(BIU) 

 

Environment 

Social Influence (SI) Unified Theory of Acceptance and Use 

of Technology (UTAUT) - Venkatesh, 

Morris, Davis &  Davis, (2003) 

 
Facilitating Conditions (FC) 

User Profile 

Mobile Device Anxiety (MDA) 
UTAUT - Venkatesh, Morris, Davis &  

Davis, (2003) 

Mobile Self-Efficacy (MSE) Compeau & Higgins (1995) 

Perceived Trust (PT) Liu, Chen & Lu (2015) 

Personal Innovativeness (PI) 

Agarwal & Prasad (1998),  

Liu, Li & Carlsson ( 2010) 

 

Educational 
Content 

Content (C) 
CBAAM - Terzis & Economides 
(2011) 

Cognitive Feedback (CF) 
Self-developed 
 

Mobile Device 
Features 

Perceived Ubiquity Value 
(PUV) 

Self-developed 

User Interface (UI) 
Liu, Chen, Sun, Wible & Kuo (2010),  
Lee, Moon, Kim & Yi (2015) 

 

4.4 Data Analysis and Results 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle,  Wende, & Will, 2005)  was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption.  Our sample size exceeds the recommended value of 50 e.g.10 times the largest 

number of independent variables impacting a depended variable (Chin, 1998). 
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Instrument validation 

Internal consistency, convergent and discriminant validity of the proposed research 

model are verified in order to ensure the quality of the model. All criteria for convergent 

validity are satisfied: all factor loadings on their relative construct exceed 0.70, composite 

reliability of each construct exceed 0.70 and all average variance extracted (AVE) values 

range from 0.607 to 0.749 (AVE > 0.50) exceeding the variance due to measurement error for 

that construct (Table 4.3).  

 

      Table 4.3 Descriptive statistics and results for convergent validity for the measurement 
       model (acceptable threshold values in brackets)  

Construct Items Mean (SD) 
Factor 

Loading 
(>0.70) 

Cronbach’s a 
(>0.70) 

Composite 
Reliability 

(>0.70) 

Average 
Variance 
Extracted 
(>0.50) 

Perceived Ease of Use 3.87 (0.97)  0.746 0.854 0.661 
PEOU1  0.845    
PEOU2  0.849    
PEOU3  0.741    
Perceived Usefulness 5.22 (1.02)  0.789 0.875 0.701 
PU1  0.840    
PU2  0.842    
PU3  0.831    
Social Influence 5.21 (0.98)  0.8837 0.921 0.745 
SI1  0.942    
SI2  0.940    
SI3  0.762    
SI4  0.791    
Facilitating Conditions 4.58 (0.67)  0.8337 0.890 0.749 
FC1  0.887    
FC2  0.853    
FC3  0.857    
FC4  0.850    
Perceived Trust 5.18 (0.89)  0.847 0.891 0.621 
PT1  0.838    
PT2  0.721    
PT3  0.753    
PT4  0.852    
PT5  0.770    
Personal 
Innovativeness 

5.12 (1.21)  0.7808 0.871 0.693 

PI1  0.806    
PI2  0.875    
PI3  0.815    
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Mobile  
Self-Efficacy 

4.77 (0.93)  0.820 0.881 0.649 

MSE1  0.749    
MSE2  0.816    
MSE3  0.842    
MSE4  0.813    
Mobile Device 
Anxiety 

5.00 (1.22)  0.806 0.873 0.633 

A1  0.707    
A2  0.793    
A3  0.837    
A4  0.838    
Perceived  
Ubiquity Value 

4.60 (0.76) 
 

 0.799 
 

0.881 
 

0.712 
 

PUV1  0.885    
PUV2  0.825    
PUV3  0.820    
PUV4  0.822    
Content 4.36 (0.45)  0.780 0.871 0.698 
C1  0.811    
C2  0.834    
C3  0.852    
User Interface 4.94 (1.21)  0.794 0.829 0.619 
UI1  0.837    
UI2  0.751    
UI3  0.770    
Cognitive Feedback 4.66 (0.87)  0.850 0.897 0.686 
CF1  0.842    
CF2  0.878    
CF3  0.766    
CF4  0.824    
Behavioural  
Intention to Use 

4.27 (0.65)  0.779 0.822 0.607 

BIU1  0.771    
BIU2  0.716    
BIU3  0.845    

 

Discriminant validity is also supported since the square root of the average variance 

extracted (AVE) of a construct is higher than any correlation with another construct (Table 

4.4). Thus both convergent and discriminant validity for the proposed research model are 

verified (Hair, Hult, Ringle, & Sarstedt, 2014). 

Test of the structured model and hypotheses  
 

Structural model and hypotheses are supported by: (a) the value and the significance 

(t-values) of path coefficients (bootstrapping procedure is applied to measure t-values). (b) 
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the variance measured (R2) by the antecedent constructs. Values of 0.2, 0.13 and 0.26 are 

considered as small, medium and large variance respectively. 

Fig. 4.5 and table 4.5 summarize the structural model and the hypothesis testing 

results. Fig. 4.5 shows the path coefficient for each path along with its significance (as 

asterisks, *p<0.1, **p<0.05, ***p<0.01) and the R2 for each endogenous variable.  Table 4.5 

shows the statistical significance of the relations in the model. 

Table 4.4 Discriminant validity for the measurement model (values in bold: the square root of the 
average variance extracted for each construct)   

 BIU C CF FC MDA MSE PEOU PI PT PU PUV SI UI 

 BIU 0.780 
               C 0.670 0.828 

             CF 0.642 0.766 0.832 
            FC 0.616 0.708 0.752 0.866 

          MDA 0.644 0.740 0.741 0.658 0.796 
         MSE 0.588 0.787 0.732 0.656 0.760 0.806 

       PEOU 0.626 0.803 0.712 0.674 0.628 0.714 0.813 
        PI 0.545 0.699 0.747 0.755 0.681 0.652 0.640 0.833 

       PT 0.664 0.774 0.688 0.611 0.556 0.745 0.575 0.615 0.788 
      PU 0.606 0.737 0.805 0.671 0.744 0.679 0.613 0.719 0.696 0.837 

    PUV 0.657 0.823 0.552 0.718 0.695 0.715 0.797 0.800 0.708 0.756 0.844 
    SI 0.606 0.746 0.454 0.688 0.556 0.781 0.647 0.801 0.766 0.565 0.799 0.863 

   UI 0.640 0.794 0.708 0.680 0.739 0.713 0.702 0.729 0.474 0.698 0.782 0.561 0.786 
 

                 
   
   PEOU - Perceived Ease of Use , PU - Perceived Usefulness , SI - Social Influence,  FC - Facilitating    
Conditions , PT – Perceived Trust, PI - Personal Innovativeness,  MSE - Mobile Self-Efficacy, MDA - Mobile 
Device Anxiety, PUV - Perceived  Ubiquity Value, C – Content, UI - Use Interface, CF - Cognitive Feedback, 
BIU - Behavioural Intention to Use   
 

The construct of Perceived Usefulness has the highest mean value (5.22) followed by 

Social Influence (5.21). This means that students perceive mobile-based assessment as a 

useful educational activity. Also, students’ opinions are highly influenced by their teachers, 

parents or classmates regarding the use of MBA.    
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The results from the PLS analysis support eleven out of the twelve hypotheses. All 

standardized path coefficients (except H5: PI  PEOU) have values between 0.176 and 0.583 

which are considered medium to large (Cohen, 1988).  

We conclude to the following results. Perceived Ease of Use has a positive effect on 

Perceived Usefulness (0.432) and on Behavioral Intention to Use (0.408). Also, Perceived 

Usefulness has a positive effect on Behavioral Intention to Use (0.356). When the mobile-

based assessment system is perceived easy and useful, students are willing to use it. Social 

Influence (SI) has a positive effect on Perceived Usefulness (0.233). When students consider 

that their teachers or classmates approve and appreciate the use of mobile devices in 

assessment, they perceive MBA as being more useful. Facilitating Conditions have a positive 

effect on Perceived Ease of Use (0.243). When the appropriate technical and administrative 

infrastructure for the use of mobiles in assessments exists, students perceive the procedure as 

easy. All the above findings are in-line with basic technology acceptance research (Davis, 

1989; Venkatesh, Morris, Davis, & Davis, 2003).  The size of the estimated casual links for 

our model, namely PEOU  PU (0.43), PU  BIU (0.36), FC  PEOU (0.24) and SI  PU 

(0.23) are comparable to the average path coefficients for the same casual links i.e.  PEOU  

PU (0.40), PU  BIU (0.40), FC  PEOU (0.34) and SI  PU (0.25), as these have been 

estimated in a recent meta-analysis of e-learning technology acceptance by Šumak, Hericko, 

and Pušnik, (2011). The coefficient size for the path PEOU BIU (0.41) in our model is 

stronger compared to the corresponding path PEOU BIU (0.24) in the above meta-analysis. 

In our model, PEOU and PU both have a strong influence on BIU. This is also in-line with 

the findings from the meta-analysis by Khechine, Lakhal, and Ndjambou, (2016). In 

MBAAM, PEOU is a more influential and motivating factor for students to use MBA.  

Personal Innovativeness (PI) does not have any effect on Perceived Ease of Use 

(0.070). This result does not agree with previous research (Liu, Li, & Carlsson, 2010), where  
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                                               Fig. 4.5. SEM analysis of the research model 

personal innovativeness is positively related with Perceive Ease of Use. It seems that in a 

high school context, personal innovativeness is not an important factor in mobile learning 

acceptance, since young students are already users of mobile technologies and most of them 

are willing to use them in their learning. Content was found to significantly relate to 

Perceived Usefulness (0.296), which is in line with (Terzis & Economides, 2011).  With a 

carefully designed content, mobile-based assessment can be more useful and more likely to 

be used. Mobile Self-Efficacy was found to significantly relate to Perceived Ease of Use with 

a path coefficient of   0.478, the second largest one in the current model. Previous research 
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has shown that computer self-efficacy plays a significant role in the adoption computer-based 

testing (Lu, Hu, Gao, & Kinshuk, 2016; Terzis & Economides, 2011). 

User Interface was found to significantly relate to Perceived Ease of Use with a path 

coefficient of 0.307. User interface has already been recognized as an important factor that 

affects usefulness in e-learning acceptance (Liu, Chen, Sun, Wible, & Kuo, 2010) and mobile 

learning acceptance (Joo, Lee, & Ham, 2014). When the user interface is easy to use or 

students’ perceptions about their ability to use the mobile devices are high, students are more 

likely to use MBA.  

Table 4.5 Hypothesis testing results  

Hypothesis Path Path Coefficient Results 

H1a Perceived Ease of Use  Perceived Usefulness  0.432** support 

H1b Perceived Ease of Use  Behavioral Intention to Use  0.408*** support 

H2 Perceived Usefulness   Behavioral Intention to Use  0.356*** support 

H3 Social Influence  Perceived Usefulness    0.233** support 

H4 Facilitated Conditions  Perceived Ease of Use  0.243*** support 

H5 Personal Innovativeness  Perceived Ease of Use  0.070 not support 

H6 Perceived Ubiquity Value  Perceived Usefulness  0.499*** support 

H7 Mobile Self Efficacy  Perceived Ease of Use  0.478*** support 

H8 Mobile Device Anxiety  Perceived Ease of Use -0.218** support 

H9 Content  Perceived Usefulness    0.296* support 

H10 User Interface  Perceived Ease of Use  0.307*** support 

H11 Cognitive Feedback  Perceived Usefulness    0.176** support 

H12 Perceived Trust  Perceived Usefulness    0.304*** support 

*p<0.1, **p<0.05, ***p<0.001 

A significant relationship exists between Perceived Trust and Perceived Usefulness 

(0.304), which is in agreement with previous research, for the role of trust in on-line exams 

(Chang, Tseng, Chou, & Chen, 2011). If examinees trust the examination system, their 

acceptance to participate in exams will be higher. Mobile Device Anxiety has a negative 

effect on Perceived Ease of Use (-0.218) which is in agreement with previous research (Mac 

Callum, Jeffrey, & Kinshuk, 2014) in the context of mobile learning. The reason behind that 
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is that students with high anxiety level about the use of mobile devices would be less likely to 

use mobile-based assessment. The current study introduces cognitive feedback as a new 

construct in the technology acceptance model. Cognitive Feedback has a positive effect on 

Perceived Usefulness (0.176).When students receive immediate feedback with knowledge of 

correct response they perceive assessment to be more useful. Also, to the best of our 

knowledge, the current model introduces the construct of Perceived Ubiquity Value in the 

context of mobile learning acceptance. Perceived Ubiquity Value has a positive effect on 

perceived usefulness and it is a rather highly influential factor towards acceptance (0.499), 

the largest one in our model. Students consider mobile devices very useful due to their 

embedded ubiquity characteristics offering learning and assessment services anytime and 

anywhere. Perceived usefulness is also highly influenced by perceived ubiquity value in the 

context of mobile cloud storage services as well (Arpaci, 2016). 

The values of R2 for the four endogenous variables of our model are:  i) for Perceived 

Usefulness 0.814, ii) for Perceived Ease of Use 0.628 and iii) for Behavioral Intention to Use 

0.468. According to the model, Perceived Ease of Use, Cognitive Feedback, Social Influence, 

Content, Perceived Ubiquity Value and Perceived Trust explain about 81% of the total 

variance in Perceived Usefulness. Also, User Interface, Facilitating Conditions, Personal 

Innovativeness, Mobile Device Anxiety and Mobile Self Efficacy explain about 63% of the 

total variance in Perceived Ease of Use.  Finally, in MBAAM, Perceived Ease of Use and 

Perceived Usefulness explain about 47% of the total variance in Behavioral Intention to Use.  

This value belongs in a rather usual range in TAM research. It is higher than the variance 

found in the original TAM (Davis et al., 1989), TAM2 (Venkatesh & Davis, 2000) and in a 

review of one hundred and one TAM studies (Lee, Kozar, & Larsen, 2003) that explained 

36% - 40% of the variance in behavior intention. However, it is lower than the variance found 
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in a research by Wang, Wu and Wang (2009), that explain 58% of the variance in behavior 

intention to use mobile learning. 

The current study, being in-line with previous research, confirms that the Technology 

Acceptance Model is valid in the context of mobile-based assessment as well. The results of 

the study suggest that social influence, facilitating conditions, mobile device anxiety, 

personal innovativeness, mobile-self-efficacy, perceived trust, content, user interface, 

cognitive feedback and perceived ubiquity value influence the adoption of mobile-based 

assessment. 

 

4.5 Discussion and conclusions 
 

The purpose of this study is to identify factors that affect secondary students’ 

acceptance of mobile-based assessment. The study found that students’ behavioral intention 

to adopt mobile-based assessment depends on a combination of environmental, educational, 

user profile and mobile device factors. The study proposes the Mobile-Based Assessment 

Acceptance Model (MBAAM). MBAAM extends TAM with a number of external variables 

in order to explain and predict students’ acceptance of mobile-based assessment. Overall, 

Perceived Ease of Use and Perceived Usefulness (original TAM), Facilitating Conditions and  

Social Influence (environment), Mobile Device Anxiety, Personal Innovativeness, Mobile-

Self-Efficacy and Perceived Trust (user profile), Content and Cognitive Feedback 

(Educational material), User Interface and Perceived Ubiquity Value (mobile device features)  

account for 47 percent of the variance in behavioral intention to use mobile-based 

assessment. 

The findings of the study are in line with previous research about technology 

acceptance (Davis, 1989; Sharples, 2013; Venkatesh, Morris, Davis, & Davis, 2003; King & 

He, 2006; Šumak, Hericko, and Pušnik, 2011; Khechine, Lakhal, & Ndjambou, 2016) and 
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also mobile learning acceptance as well (Liu, Han,  & Li, 2010; Park, Nam, & Cha, 2012). 

The study confirms the influence of facilitating conditions and social influence on the 

perceived ease of use of the technology and on the perceived usefulness of the technology 

respectively. The study also confirms the influence of the latter constructs on intention to use 

MBA. Moreover, the study examines and confirms the impact of mobile device anxiety, 

mobile-self-efficacy and content on MBA acceptance.  Only the construct of perceived 

innovativeness (from the mobile learning acceptance research) found not to relate 

significantly with intention to use mobile devices in assessment, in the high school settings. 

While TAM research has already extensively studied various external factors that can 

influence mobile leaning adoption (such as previous experience, social influence, facilitating 

conditions, self-efficacy, anxiety and personal innovativeness), there are variables that have 

not been adequately studied so far. Perceived trust has been examined in the context of on-

line exams (Chang, Tseng, Chou & Chen, 2011) but not in the particular context of MBA. 

Our study demonstrates that perceived trust positively influences MBA acceptance. Research 

on the influence of user interface on mobile learning acceptance is rather limited (Joo, Lee & 

Ham, 2014) with no evidence to exist in the particular context of MBA. Our study considers 

user interface as a three dimensional construct (design, navigation and interactivity) (Lee, 

Moon, Kim & Yi, 2015; Liu, Chen, Sun, Wible & Kuo, 2010) and finds a positive impact on 

intention to use. Emotional feedback and its influence on intention to use computer-based 

assessment has been already investigated (Terzis, Moridis, & Economides, 2012).  Our study 

introduces cognitive feedback confirming its positive impact on students’ intention to use 

MBA. User perceptions about the mobility feature of mobile devices have been found to 

positively influence perceived usefulness (Huang, Lin, & Chuang, 2007). Our study 

introduces the construct of “users’ perceptions about the ubiquity”, the “anywhere and 

anytime” distinguished feature of the mobile devices. Perceived ubiquity is introduced as a 

http://www.emeraldinsight.com/author/Liu%2C+Yong�
http://www.emeraldinsight.com/author/Han%2C+Shengnan�
http://www.emeraldinsight.com/author/Li%2C+Hongxiu�
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four dimensions construct: active, authentic, cooperative and personalized (Huang, Chiu, Liu, 

& Chen, 2011). Its role on intention to use MBA has been found to be very influential; it is 

the variable with the strongest impact followed by mobile-self efficacy.  

The current study contributes to the mobile learning acceptance literature in the following 

three ways. First, it extends the current understanding of mobile learning acceptance by 

investigating variables, such as perceived trust, perceived ubiquity value, user interface, 

cognitive feedback that have not been extensively studied so far. Second, it examines mobile 

learning acceptance research in high schools settings, a context that has not been adequately 

studied (Ng &  Nicholas, 2013). Higher education students are the most frequent research 

populations (Wu, Wu, Chen, Kao, Lin, & Huang, 2012), followed by elementary school 

students (Crompton &  Burke, 2015). Third, to the best of our knowledge, this study is one of 

the first to examine the factors influencing students’ intention to use mobile-based 

assessment.  

MBA acceptance should be studied separately from mobile learning acceptance, since 

previous research has raised numerous issues regarding students’ perceptions about MBA 

(Cheon, Lee, Crooks, & Song, 2012; Huff, 2015; Thamadharan & Maarop, 2015; Wang, Wu, 

& Wang, 2009). Despite the affordances that MBA provides, student’s negative perceptions 

and concerns about intention to use may introduce extra barriers to MBA adoption. Since 

there is a lack of empirical evidence about the factors that influence intention to use mobile-

based assessment, the current study fills this gap in the literature by investigating these 

factors and proposing and verifying the Mobile-Based Assessment Acceptance Model 

(MBAAM).  

The current study is aiming at modeling mobile-based assessment acceptance across a 

wide range of high-school education activities featuring formal and informal assessment that 

spans across multiple contexts and also cannot be easily separated from instruction (Wong & 
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Looi, 2011). According to Shute and Rahimi (2017), the choice and use of an assessment 

should depend on the educational purpose. Therefore, the assessment format depends each 

time on the specific assessment used. For example, students in a classroom response system, 

answer multiple choice or yes/no questions, while students participating in performance 

assessment may use their mobiles to upload artifacts (e.g. photos) onto their portfolio. In our 

study, students have been involved in various mobile-based assessments (formative, 

summative, in-class and outside class, etc), in order to acquire an “extensive” experience in 

MBA. Their answers to the survey questionnaire reflect their general perceptions about 

mobile-based assessment across the aforementioned spectrum of educational activities. 

Therefore, MBAAM models the overall students’ attitudes towards using mobiles for 

assessments, integrating this way learning and assessment goals across a variety of contexts. 

However the study cannot conclude on the effects of specific MBA-types and formats. This is 

a limitation of the study. For a detailed analysis of the acceptance of different assessment 

formats and types, a different research design should be implemented and this is in our future 

research plans. According to our preliminary findings, K-12 students prefer to answer 

multiple choice or Yes/No questions in their mobiles. They also like to answer questions 

providing photos as evidence. 

Future studies also should reach more and larger audiences (not only high school 

students but also University students and life-long adult learners) in order to investigate MBA 

adoption under different contexts and for a variety of assessment types. An interesting 

approach could be to identify the type of students that are most likely to adopt different types 

of mobile assessments and under which conditions. Also, the validity and reliability of the 

constructs of Cognitive Feedback and Perceived Ubiquity Value may need to be studied 

further and confirmed from other researchers too. One of the main challenges in mobile 

learning is to avoid information overload and the additional cognitive load imposed on 
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learners’ working memory (Hung, Hwang, Lin, Wu, & Su, 2013). It is in our plans to 

investigate the influence of cognitive load on students’ acceptance. Furthermore, Use 

Context, a construct introduced by Liu and Li (2011) describing the environment where a 

technology is used, will be incorporated into our mobile learning research. Another construct 

that could be interesting to investigate is perceived learning performance (MacGeorge et al., 

2008) (vs. actual performance) and its relation to Behavioral Intention to Use.   

Based on the empirical evidence the current study provides, educational practitioners 

can develop more acceptable, motivational and successful mobile-based assessments by 

taking into consideration the factors that influence students’ intention to use.   
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Chapter 5:  Factors that influence Behavioral Intention to Use MBA: a 

STEM teachers’ perspective  

5.1 Introduction 

Mobile learning and assessment are still new to many schools and therefore teachers 

self-report varying degrees of willingness to adopt these technologies (Chiu & Churchill, 

2016). There are studies reporting positive teachers’ perceptions about mobile teaching and 

learning (Baran, 2014; Uzunboylu, & Özdamli, 2011). However, other studies report that 

teachers either do not support the use of mobiles in classroom or they acknowledge 

uncertainty (Gao, Yan, Wei, Liang, & Mo, 2017; Thomas, O’Bannon, & Britt, 2014). 

Teacher beliefs and attitudes can affect the adoption of mobile devices into teaching (Chiu & 

Churchill, 2016). Furthermore, technology acceptance research in the mobile learning context 

investigated various extensions to TAM in order to explain behavioral intention to use from 

the teachers’ perspective. Mac Callum, Jeffrey and Kinshuk (2014) added the variables of 

digital literacy, ICT anxiety and ICT teaching self-efficacy. Sánchez-Prieto, Olmos-

Migueláñez, & García-Peñalvo (2017) incorporated also the constructs of self-efficacy and 

mobile anxiety. Self-efficacy has a positive impact while anxiety negatively influences 

behavioral intention to use. Baydas and Yilmaz (2016) proposed a model where teachers’ 

attitudes and cognitive needs have an influence on their behavioral intention while their 

affective and social needs do not. O’Bannon and Thomas (2014) suggested that teachers’ 

perceptions regarding the beneficial mobile features for school related work depends on the 

teachers’ age. The following Table 5.1 summarizes the aforementioned studies about 

teachers’ acceptance and perspectives on mobile learning.  

While studies exist that investigate teachers’ perceptions of mobile-based learning, no 

study exists that particularly focuses on the teachers’ acceptance of mobile-based assessment. 

The current study is aiming at filling this gap in the literature by investigating the factors that 
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influence Science Technology Engineering and Mathematics (STEM) teachers’ behavioral 

intention to use mobile-based assessment. With the growing popularity of mobile learning 

and the spreading of BYOD policies, there is a need to facilitate K-12 STEM teachers to 

adopt mobile technologies in their classes (Hu, & Garimella, 2014). Effective technology 

integration into STEM teaching does not only promote teacher professional development but 

it also has a positive effect on student learning outcomes as well (Elliot & Mikulas, 2012). 

 
Table 5.1. Teacher’s acceptance and perspectives on mobile learning 
 
Study  Subjects  Country  Findings  
Sánchez-Prieto, Olmos-
Migueláñez, & García-
Peñalvo (2017) 
 

678 pre-service 
primary school 
teachers 

Spain Extends TAM with the 
constructs of self-efficacy 
and mobile anxiety 

Mac Callum, Jeffrey,  & 
Kinshuk (2014) 

196 secondary 
teachers 

New-Zealand Perceived usefulness, ease of 
use, digital literacy, anxiety, 
and teaching self-efficacy 
were critical factors in 
lecturers’ behavioral 
intentions to use mobile 
learning 

Baydas & Yilmaz (2016) 276 pre-service 
teachers  

Turkey Attitudes and cognitive needs 
influence intention to adopt 
mobile learning 

Chiu & Churchill (2016)  33 science and 29 
humanities in-service 
teachers 

Hong Kong 

Positive perceptions  
and attitudes Uzunboylu, & Özdamli 

(2011) 
1529  in-service 
teachers 

Turkish 
Republic of 
Northern 
Cyprus. 

Gao, Yan, Wei, Liang, & 
Mo, (2017) 
 

356 teachers China 

Negative perceptions  
and attitudes Thomas, O’Bannon, & Britt 

(2014) 
1,121 secondary 
teachers  

Kentucky and 
Tennessee 

 

The chapter is organized as follows. The next section presents the research model 

with the hypotheses to be tested. Methodology section (participants, instruments and 

procedure) follows with the data analysis and results section to come afterwards. Discussions 
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and conclusions for the impact in education follow next along with the study limitations and 

future work.    

5.2 The Research Model 

The current study uses TAM (Technology Acceptance Model) as its theoretical 

framework (Davis, 1989) to investigate STEM teachers’ acceptance of Mobile-Based 

Assessment.  TAM is a valid and robust model (King & He, 2006) and it has already been 

successfully used to explain and predict teachers’ adoption of mobile learning (Sánchez-

Prieto, Olmos-Migueláñez, & García-Peñalvo, 2017; Mac Callum, Jeffrey, & Kinshuk, 

2014). In line with previous research, our model about teachers’ acceptance of mobile-based 

assessment proposes the following hypotheses:   

Perceived Usefulness (PU) 

Regarding Perceived Usefulness (PU), when teachers consider technology as valuable 

and beneficial for teaching and learning they are more likely to use it (Miranda & Russell, 

2012). The same holds for mobile learning as well (Liu, Li, & Carlsson, 2010). Therefore, in 

the context of mobile-based assessment we hypothesize:  

Hypothesis 1:   Perceived Usefulness (PU) has a positive effect on Behavioral Intention to 

Use (BIU).  

Perceived Ease of Use (PEOU)  

Regarding Perceived Ease of Use (PEOU), previous research on technology 

acceptance (Venkatesh, Morris, Davis, & Davis, 2003) and mobile learning acceptance 

(Nikou & Economides, 2017a; Mac Callum, Jeffrey, & Kinshuk, 2014; Park, Nam, & Cha, 

2012) has shown that Perceived Ease of Use positively affects Perceived Usefulness (PU) and 

Behavioral Intention to Use (BIOU). Therefore, for mobile-based assessment we hypothesize 

that: 
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Hypothesis 2a: Perceived Ease of Use (PEOU) has a positive effect on Perceived 

Usefulness (PU).  

Hypothesis 2b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral 

Intention to Use (BIU). 

 
Social Influence 

Social Influence (SI) is defined as the “degree to which an individual perceives that 

important others believe he or she should use the new system” (Venkatesh, Morris, Davis, & 

Davis, 2003). Previous research has shown that Social Influence has a positive effect on 

Perceived Usefulness of computerized assessments (Terzis & Economides, 2011). The same 

holds for mobile-learning as well (Nikou & Economides, 2017a; Wang, Wu, & Wang, 2009). 

Furthermore, for mobile-based assessment we hypothesize that: 

Hypothesis 3: Social Influence (SI) has a positive effect on Perceived Usefulness (PU). 

Output Quality  

Output Quality is defined as “the degree to which an individual believes that the 

system performs his or her job tasks well” (Venkatesh & Davis, 2000). Perceptions of output 

quality in the context of our study consider the administration benefits and enhanced 

assessment opportunities offered with the MBA tasks as well. Research has shown that output 

quality has a positive effect on perceived usefulness (Venkatesh & Bala, 2008; Venkatesh & 

Davis, 2000). Therefore we hypothesize that: 

  Hypothesis 4: Output quality will have a positive effect on perceived usefulness. 
 
Mobile Self-Efficacy 

We define Mobile Self-Efficacy (MSE) as an individual’s perceptions of his or her 

ability to use mobile devices to accomplish particular tasks, based on a similar definition of 

computer self-efficacy by Compeau &  Higgins (1995). Self-efficacy is one necessary factor 
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for teacher adoption of new technologies (O’Bannon & Thomas, 2014). The impact of mobile 

self-efficacy on perceived ease of use has been confirmed in the context of mobile learning 

(Nikou & Economides, 2017a; Sánchez-Prieto, Olmos-Migueláñez, & García-Peñalvo, 

2017). In the context of our study we hypothesize that:   

Hypothesis 5. Mobile Self-Efficacy (MSE) has a positive effect on Perceived Ease of Use 

(PEU). 

 

Facilitating Conditions 

Facilitating Conditions (FC) have been defined as “the degree to which users believe 

that the necessary infrastructures exist to support the use of a technological system” 

(Venkatesh, Morris, Davis, & Davis, 2003). These can be administrative, organizational or 

technical support, knowledge and other resources. Previous research has shown that 

Facilitating Conditions significantly influence Perceived Ease of Use (Venkatesh, et al., 

2003). The same holds for mobile learning as well (Nikou & Economides, 2017a; Wang, Wu, 

& Wang, 2009). In the context of our study, we hypothesize that:  

 

Hypothesis 4: Facilitating Conditions (FC) have a positive effect on Perceived Ease of 

Use (PEOU). 

Based on the previous hypotheses, we develop the following model, as figure 5.1 

shows,   about Teachers’ Acceptance of Mobile-Based Assessment (TAMBA).  

 

 
   Fig. 5.1 Teachers’ Acceptance of Mobile-Based Assessment (TAMBA) model. 
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5.3 Methodology 

Participants and Procedure 

The participants in the study were 161 STEM teachers randomly selected from 32 

different European countries as table 5.2 shows. A total of 215 STEM teachers were 

contacted to participate in the survey and 161 completed it (response rate 74.8%). The basic 

inclusion criteria for our study were the participants’ teaching major to associates to STEM 

subjects. All participating teachers were active members of science education communities 

with experience in technology-supported approaches to science and maths education and high 

engagement in science education EU funded projects. Teachers were contacted either through 

their personal emails or through education related social media channels. Teachers were 

informed in advance about the research procedure and were asked to fill-in an on-line survey. 

Participation was voluntarily and all the data collected anonymously.   

     Table 5.2 Countries of the participating teachers (n=161) 

Country f Country f Country f Country f 

Austria 2 Finland 4 Israel 2 Portugal 9 

Belgium 4 France 4 Italy 9 Romania 10 

Bulgaria 7 FYROM 2 Latvia 2 Slovakia 3 

Croatia 3 Germany 3 Lithuania 3 Slovenia 3 

Cyprus 8 Greece 14 Malta 2 Spain 12 

Czech Rep. 5 Hungary 5 Netherlands 3 Sweden 4 

Denmark 2 Iceland 3 Norway 3 Turkey 7 

Estonia 3 Ireland 4 Poland 10 UK 6 

 

Demographical information for the sample group is presented in Table 5.3. There 

were 73 males (45.3%) and 88 females (54.6%). Almost half of the teachers (52.17%) were 

in the age range of 35-50. The majority of the teachers (66.45%) had a quite extensive 

science teaching experience (more than 10 years). Participating teachers’ subjects taught were 

Mathematics (11%), Physics (14%), Chemistry (9%), Biology (10%), ICT (11%), 
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Technology (3%) and their combinations. e.g. Physics and Chemistry (15%), Physics, Maths 

and ICT (25%), other (2%). Only 31.67% of the teacher participants had already used 

mobiles in their classes and 18% of them had used mobile devices for assessment purposes 

(mostly as clickers for classroom polling).  

    Table 5.3 Demographical information of the teacher sample group (n=161) 

 f % 

Gender   

   Male 73 45.30 

   Female 88 54.60 

Age Range (in years)   

   20-35 42 26.08 

   35-50 84 52.17 

   50 - 65 35 21.70 

School   

   Primary 45 27.9 

   Secondary 116 72.10 

Teaching Experience (in years)   

   Less than 5    

   5 - 10 54 33.54 

   10 - 20 89 55.27 

   over 20 18 11.18 

Used mobiles in courses   

   Yes 51 31.67 

   No 110 68.33 

Mobiles experience period (in years)   

   0 - 2 15 9.32 

   2 - 5 32 19.87 

   5 or more 114 70.81 
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Instruments 

In order to develop the instrument for our research about the acceptance of Mobile-

Based Assessment (MBA), we have adapted some items of the constructs from previously 

validated instruments. For Perceived Usefulness (PU), Perceived Ease of Use (PEOU), 

Behavioral Intention to Use (BIU), Social Influence (SI), Facilitating Conditions (FC), we 

have adopted items from Venkatesh, Morris, Davis and Davis (2003). For Mobile Self-

Efficacy (MSE) we adapted items from Compeau and Higgins (1995), properly modified for 

the context of mobile-based assessment.  For the Output Quality (OQ) we used items from 

Venkatesh and Davis (2000) appropriately adapted for mobile-based assessment. Cronbach’s 

a for all constructs were above 0.70, ensuring the internal consistency of the instrument. 

Our measurement instrument consists of 7 constructs making a total of 25 items. The 

questionnaire was developed and distributed in English. All items were measured on a seven 

point Likert-type scale with 1 corresponding to “strongly disagree” and 7 to “strongly agree”. 

The questionnaire used is shown in Appendix C.  

5.4 Data Analysis and Results 

The analysis technique used to predict the factors affecting mobile-based assessment 

adoption from the teachers’ perspective was Partial Least-Squares (PLS) with Smart PLS 2.0 

(Ringle,  Wende, & Will, 2005).  Our sample size exceeds the recommended value of 40, i.e. 

10 times larger than the number of items for the most complex construct (Chin, 1998). 

Instrument validation 

Internal consistency, convergent and discriminant validity of the proposed research 

model need to be verified to ensure its quality. All criteria for convergent validity are 

satisfied: all factor loadings on their relative construct exceed 0.70, composite reliability of 

each construct exceed 0.70 and all average variance extracted (AVE) values range from 0.594 
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to 0.773 (AVE > 0.50) exceeding the variance due to measurement error for that construct 

(Table 5.4). Discriminant validity is also supported since the square root of the average 

variance extracted (AVE) of a construct is higher than any correlation with another construct 

(Table 5.5). Thus both convergent and discriminant validity for the proposed research model 

are verified. 

   Table 5.4. Descriptive statistics and results for convergent validity for the measurement 
    model (acceptable threshold values in brackets)  

Construct Items Mean (SD) 
Factor 

Loading 
(>0.70) 

Cronbach’s a 
(>0.70) 

Composite 
Reliability 

(>0.70) 

Average 
Variance 
Extracted 
(>0.50) 

Perceived Ease of 
Use 

5.09 (1.28)  0.851 0.910 0.773 

PEOU1  0.811    
PEOU2  0.864    
PEOU3  0.957    
Perceived Usefulness 3.95 (1.26)  0.730 0.845 0.647 
PU1  0.801    
PU2  0.753    
PU3  0.857    
Social Influence 4.95 (1.25)  0.799 0.859 0.604 
SI1  0.731    
SI2  0.836    
SI3  0.808    
SI4  0.730    
Facilitating 
Conditions 

4.96 (1.18)  0.819 0.880 0.648 

FC1  0.813    
FC2  0.802    
FC3  0.822    
FC4  0.783    
Output Quality 4.63 (1.20)  0.827 0.884 0.657 
OQ1  0.829    
OQ2  0.836    
OQ3  0.784    
OQ4  0.798    
Mobile  
Self-Efficacy 

3.78 (1.19)  0.774 0.853 0.594 

MSE1  0.776    
MSE2  0.737    
MSE3  0.827    
MSE4  0.738    
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Behavioural  
Intention to Use 

4.80 (1.25)  0.724 0.844 0.645 

BIU1  0.811    
BIU2  0.812    
BIU3  0.787    

 

Test of the structured model and hypotheses  
 

Figure 5.2 and table 5.6 summarize the structural model and the hypothesis testing 

results. Figure 2 shows the path coefficient for each path along with its significance (as 

asterisks, **p<0.05, ***p<0.01) and the R2 for each endogenous variable.  Table 6 shows the 

statistical significance of the relations in the model. 

Table 5.5. Discriminant validity for the measurement model (values in bold: the square root 
of the average variance extracted for each construct)   

 BIU FC MSE OQ PEOU PU SI 
BIU 0.80 

      FC 0.79 0.81 
     MSE 0.60 0.61 0.77 

    OQ 0.64 0.74 0.65 0.81 
   PEOU 0.65 0.65 0.58 0.65 0.87 

  PU 0.60 0.62 0.57 0.65 0.57 0.80 
 SI 0.52 0.51 0.65 0.55 0.45 0.54 0.77 

 

                 
BIU - Behavioural Intention to Use , PEOU - Perceived Ease of Use , PU - Perceived Usefulness , SI - Social 
Influence,  FC - Facilitating   Conditions , OQ – Output Quality, MSE - Mobile Self-Efficacy 
 

 

Fig. 5.2.  Structured Equation Modeling analysis of the research model 
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     Table 5.6 Hypothesis testing results  

Hypothesis Path Path Coefficient t value Results 

Hypothesis 1 PU  BIU 0.332***   8.289 support 

Hypothesis 2a PEOU  PU 0.225**   4.907 support 

Hypothesis 2b PEOU  BIU 0.465*** 10.152 support 

Hypothesis 3 SI  PU 0.240**   6.771 support 

Hypothesis 4 OQ PU 0.370***   7.660 support 

Hypothesis 5 MSE  PEOU 0.300***   6.608 support 

Hypothesis 6 FC  PEOU 0.468***   9.334 support 

**p<0.05, ***p<0.01 

 

The results from the PLS analysis support all seven hypotheses. All standardized path 

coefficients have values between 0.240 and 0.468. These values are considered to be medium 

to large (Cohen, 1988). 

Perceived Usefulness has a direct positive effect on Behavioral Intention to Use 

(0.332). Perceived Ease of Use has a positive effect on Perceived Usefulness (0.225) and 

Behavioral Intention to Use (0.465). Teachers are willing to use a technological system when 

it is perceived as easy and useful (Davis, 1989). Social Influence (SI) has a positive effect on 

Perceived Usefulness (0.240). Teachers perceive MBA as useful, when they know that their 

school management, colleagues and educational policy in general approve and value the use 

of mobile devices in assessment.  Output quality (OQ) also has a positive effect (0.370) on 

Perceived Usefulness. When teachers consider MBA to be of high quality (offering new 

assessment opportunities and administrative benefits) they also perceive it as useful. The 

above findings are in-line with previous research (Venkatesh, & Davis, 2000). 

Mobile Self-Efficacy (MSE) was found to significantly relate (0.300) to Perceived 

Ease of Use. Teachers with proficiency in using mobile devices consider MBA as easy to use. 

This is in line with previous research regarding the impact of computer self-efficacy in the 
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adoption computer-based testing (Lu, Hu, Gao, & Kinshuk, 2016). Facilitating Conditions 

(FC) also has a positive effect on Perceived Ease of Use (0.468). The appropriate technical 

and administrative infrastructure enhances teachers’ perceptions of the ease of use. The above 

findings are in-line with technology acceptance research (Davis, 1989; Venkatesh, Morris, 

Davis, & Davis, 2003).   

The construct of Perceived Ease of Use has the highest mean value (5.09) showing 

that teachers perceive mobile-based assessment as a rather easy task. Also, the mean values 

of Facilitating Conditions (4.96), Social Influence (4.95) and Output Quality (4.63), reveal 

that teachers consider the role of the necessary infrastructure, normative beliefs and MBA 

suitability and effectiveness as important determinants towards using mobiles in assessments.  

MBA usage intention among STEM teacher is also notable (4.80). 

The values of R2 for the three endogenous variables of our model are:  i) for Perceived 

Usefulness 0.503, ii) for Perceived Ease of Use 0.480 and iii) for Behavioral Intention to Use 

0.504. According to the model, Social Influence and Output Quality explain about 50% of the 

total variance in Perceived Usefulness, with Output Quality to be the most important factor. 

Facilitating Conditions and Mobile Self Efficacy explain about 48% of the total variance in 

Perceived Ease of Use, with Facilitating Conditions to be the most important factor. Also, 

Perceived Ease of Use and Perceived Usefulness explain about 50% of the total variance in 

Behavioral Intention to Use. The above value is comparable with other TAM related studies 

about mobile leaning adoption (Wang, Wu &Wang, 2009). 

 

5.5 Discussions and conclusions 

The aim of the current study is to provide insights about the factors that affect STEM 

teachers’ acceptance of mobile-based assessment in K-12 education settings. In order for 

mobile learning and assessment to be successfully integrated in education, teachers’ 
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perceptions and the factors affecting their acceptance should be determined (Kim et al., 

2013). Our study findings can be used to improve administrative, pedagogical and technical 

support in order to encourage teachers to use mobile devices for assessment purposes. 

Therefore, school management and policy makers should take into their consideration the 

results of the mobile learning acceptance research in order to motivate and support teachers to 

adopt mobile-based assessments. Previous studies have already investigated teachers’ 

acceptance of mobile learning (Sánchez-Prieto, Olmos-Migueláñez, & García-Peñalvo, 2017; 

Mac Callum, Jeffrey, & Kinshuk, 2014). However, mobile-based assessment can be 

administered in a context of its own, in a blended learning approach complementing 

traditional paper-based assessment. The current study focuses on MBA and proposes the 

Teachers’ Acceptance Mobile-Based Assessment (TAMBA) model.   

The study findings suggest that STEM teachers, under certain conditions, are willing 

to adopt MBA in their classes. Factors found to positively affect behavioral intention to use 

MBA are: Perceived Ease of Use, Perceived Usefulness, Social Influence, Facilitating   

Conditions, Output Quality and Mobile Self-Efficacy. The most influential factor of MBA 

adoption found to be Perceived Ease of Use. Furthermore, the study suggests that some 

challenges need to be overcome in order for teachers to use MBA: appropriate resources need 

to be developed for use in mobiles, adequate technical, administrative and management 

support should be provided, teachers need to be positive about the output quality of the 

mobile-based system and also have the knowledge and experience necessary to use these 

technologies. Similar behavioral, control and normative beliefs issues found that need to be 

resolved from previous technology-enhanced assessment research as well (Chien, Wu, & 

Hsu, 2014). The findings regarding Perceived Ease of Use, Perceived Usefulness and Mobile 

Self-Efficacy are in line with previous research about teachers’ acceptance of mobile learning 

(Sánchez-Prieto, Olmos-Migueláñez, & García-Peñalvo, 2017; Mac Callum, Jeffrey, & 



104 
 

Kinshuk, 2014). Our model extends previous models in the context of teachers’ MBA 

acceptance with the proposed constructs of Social Influence, Facilitating Conditions and 

Output Quality. The construct of Output Quality is introduced for the first time in the context 

of technology-based assessment in general. Moreover, investigating MBA integration in 

science classes by STEM teachers may enable a better understanding of the use and added 

value of mobile devices in science education. The proposed TAMBA model explains and 

predicts about 50% of the teachers’ behavioral intention to use MBA.  This is an acceptable 

value since it is in the range of 22-68% that is usually found in the mobile learning 

acceptance research (Baydas & Yilmaz, 2016). Research in the context of students’ 

acceptance of mobile-based assessment also provided us with similar results (Nikou & 

Economides, 2017a;2017b). 

One limitation of the current study is its small sample size. Future studies should 

consider larger cohorts. Also, future studies should include other external variables as well, 

e.g. ubiquity, autonomy, security, personalization, enjoyment, satisfaction. Previous research 

has shown that Science and Mathematics teachers possess more positive attitudes towards 

mobile devices compared to language and humanities teachers (Chiu & Churchill, 2016). 

Therefore, generalization of the study findings to teacher groups with different backgrounds 

should be made with caution and future studies should include teachers with other 

backgrounds as well. It would be interesting also to investigate the relation between MBA 

adoption and culture or other factors e.g. gender, age, teaching experience. Also it would be 

helpful to distinguish between different assessments types (e.g. formative, summative) and 

separately study teachers’ adoption. 
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PPAARRTT  TTHHRREEEE  ––  MMoottiivvaattiioonn  iinn  MMoobbiillee--BBaasseedd  AAsssseessssmmeenntt  

Chapter 6: Investigating students’ motivation and performance in  

                   mobile-based assessment compared to the computer- and 

                   paper-based modes 

6.1 Student achievement in paper, computer/web and mobile based assessment  

6.1.1. Introduction  

Beyond the traditional Paper-Based Test (PBT), assessment can be delivered in a 

standalone computer as Computer-Based Testing (CBT) or via the Internet as Web-Based 

Testing (WBT), which is the most usual scenario nowadays. CBT or WBT can be either 

linear (examinees receive the same number of questions in the same order) or adaptive 

(questions from a large item pool can be tailored and presented to the examinee according to 

his/her previous answer). Random  choice from a large  questions pool, innovative and 

sophisticated  item formats, immediate feedback, automated scoring and reporting, advanced 

security are  among some advantages of CBT over PBT. Many tests are administered through 

computers nowadays and in some cases computer technology is the preferred method of 

choice e.g. driving license examinations, language tests etc.  

With the rapid growth of mobile technology, devices such as mobile phones, PDAs, 

palmtops, smartphones, tablets and netbooks, are becoming an important part of student life 

as communication, entertainment and multiple purpose information processing tools. Their 

ease of use, reduction in the use of paper, low cost, mobility, portability, interactivity, 

flexibility and ubiquity, are some of their characteristics that make them so popular among 

students. The integration of mobile devices in learning leads to a new learning mode called 

mobile learning. Mobile learning can be conducted “anywhere and anytime” in any authentic 

environment and can be context aware. Mobile handheld devices are increasingly being used 

in K-12 and higher education (Cheung, & Hew, 2009). Integrating mobile technology in 
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learning activities can be effective not only in improving students’ learning attitudes, but also 

in their learning achievements and motivation (Chu et al., 2010; Hwang, & Chang 2011). 

Mobile devices with their pervasive and ubiquitous characteristics can also facilitate the 

assessment procedure, leading in an innovative assessment mode, called Mobile-Based 

Testing (MBT). Economides (2008) addressed critical factors that affect the quality of a 

mobile learning application where the mobile learner performs an educational activity 

supported by context aware adaptations. In a general framework for adaptive mobile learning, 

while the mobile learner performs an educational activity, an adaptation engine personalizes 

the educational activity according to the context. The context can be adapted to the learner’s 

state, the educational activity’s state, the infrastructure’s state, and the environment’s state 

(Economides, 2009). Based on the mobility of the m-device, it is appropriate to implement 

either formative assessment or self-assessment in ubiquitous m-learning environments 

(Huang, Lin, & Cheng, 2010). Due to their increasing popularity, mobile devices may 

become one of the primary modes of test delivery in the future. The equivalency of test 

administration modes is an issue between assessment experts, researchers, practitioners and 

users (Wang et al., 2008). The “test mode” effect refers to the difference of a student’s 

performance on equivalent assessments with different modes of delivery (PBT, CBT or 

MBT). In the present study we investigated the impact of test delivery mode (PBT, CBT or 

MBT) of multiple choices testing (MCT) format on test taker performance. Present research 

aims to contribute to collecting evidence on equivalency of test delivery modes. After a 

literature review and the formulation of the research questions, data collection methodology 

and data analysis are presented, followed by the results and discussion section. 

6.1.2 Literature Review 

Conclusions from previous research are not consistent regarding the performance of 

test taker related to the test delivery mode and the interaction between the assessment modes 
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and test taker variables. This inconsistency is somehow expected due to the fact that there 

have been so many studies to different groups of examinees with different designs and data 

collection techniques in a wide range of content areas and a variety of item formats. The issue 

of equivalency among different test delivery modes is not trivial. It was found that even 

simple change of color scheme had a significant effect on students’ performance (Kveton, 

Jelinek, Voboril, & Klimusova, 2007). There are two main key factors with potential impact 

on students’ performance on different test modes: 1) personal characteristics of test takers 

from one side, i.e. race, gender, cognitive processing, ability, different learning styles, 

computer familiarity, computer anxiety, computer attitude and 2) interface and technological 

issues from the other: interactivity, user interface, screen size, scrolling, modes of item 

presentation, multimedia and graphics etc. (Clariana & Wallace, 2002; Leeson, 2006;  Noyes, 

& Garland, 2008).  

Computer/Web- vs Paper-based  

The comparison of PBT vs CBT scores has been studied since the first attempts to 

introduce computers in assessment (Mason, Patry, & Berstein, 2001). 

Paper-based outperformed 

Some early researchers have pointed out that CBT produced lower students’ scores 

than PBT (Bunderson, et al., 1989, Mazzeo, & Harvey, 1988). It was the early times of using 

computer technology in assessment. Back then students had more confidence with paper than 

with computers.  

Equivalent performance 

Performance differences due to computer unfamiliarity have been decreased over time 

because of the widespread adoption of computers in everyday life activities. Noyes & 

Garland (2008) focused on equivalency issues between the two test delivery modes and 

argued that greater equivalence between CBT and PBT is being achieved today (especially in 
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standardized and closed tasks e.g. multiple choice questions) than at the early times of 

computers. Research (Russell, & Haney, 1997; Mason, Patry, & Berstein, 2001; Campton, 

2004;  Bodmann, &  Robinson, 2004; Akdemir, & Aguz, 2008) found student performance to 

be comparable across test delivery modes. Equivalent performance with marginal differences 

between the two test modes have been found also in (Macedo-Rouet, et al., 2009; Kim & 

Huynh, 2007). However, there are some studies still reporting lower CBT performance in 

cases that require text reading with scrolling (Way, Davis, & Fitzpatrick, 2006; Pommerich, 

2004; Bridgeman, Lennon, &  Jackenthal, 2003; Choi, & Tinkler, 2002) or graphics and 

mathematics manipulations (Keng, McClarty, & Davis, 2006). Even on student reading or 

mathematics achievement scores, administration mode had no statistically significant effect 

(Way, Davis, & Fitzpatrick, 2006). 

Computer/Web outperformed 

On the other hand, many studies, in a variety of settings, have revealed that there is a 

significant difference between the two testing modes in favor of CBT. Bugbee and Bernt 

(1990) discussing the use of computer administered testing from 1982 to 1988, found student 

performance on a series of CBT to outperform paper based exams. Computerized versions of 

vocabulary tests produced higher scores (due to the higher response speed associated with use 

of a mouse to record responses in contrast to a pencil and answer sheet) than the paper-and-

pencil form (Pomplun, Frey, & Becker, 2002). Studies in elementary education (Chin, & 

Donn, 1991) and secondary education settings (Coniam, 2006) as well as in undergraduate 

level  (Choi, Kim, & Boo, J.  2003; Gretes, & Green, 2000; Wu, & Zhang, 2010) demonstrate 

that students performed better on the computer-based test than on the paper-based test.  
Clarianna & Wallace (2002) also reported better scores in CBT with the gender, 

competitiveness and computer familiarity not to be related to this performance difference. 

However the high achievers had a better performance on CBT. Overall, research findings are 
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not conclusive but there seems to be a trend indicating that PBT and CBT are comparable 

(Wang, Jiao, Young, Brooks, & Olson, 2008). 

Mobile vs Paper/ Computer/ Web-based 

The interest in developing and using MBT in educational assessment in schools and 

educational institutions has been increased in recent years. A MBT may be a simple transfer 

of the paper format onto the screen of the mobile device. Furthermore, more sophisticated 

methods can be implemented with the use of multimedia and adaptation techniques. Many 

studies implement nowadays adaptive personalized approaches to mobile learning exploiting 

learner, location and other contextual information adaptations (Hwang, & Chang, 2011; 

Hwang, Wu, Zhuang, & Huang, 2013; Shih, Chuang, & Hwang, 2010). However, there are 

not enough studies that evaluate the use of mobile devices for testing compared to CBT, 

WBT or PBT and inconclusive results have been reported regarding examinee performance.  

Equivalent performance 

No significant differences in the results obtained in (Romero, Ventura, & de Bra, 

2009) with the different versions of the test that were observed. Segall et al. (2005) and 

Treadwell (2006)  showed  handheld-based quiz to be more efficient, that is, students 

completed it in less time than they needed to complete the paper-and-pencil quiz while no 

differences in effectiveness (student’s scores) were found between the two quiz types. Also, 

no significant  difference  between  the  achievement  level  of  the  students  who  took 

paper,  web  and  mobile based  assessment  were found (Karadeniz, 2009; Schroeders, & 

Wilhelm, 2010).  

Mobile–based outperformed 

On the other side, the scores of fifth grade students who used handheld computers 

against those who used paper and pencil for the same test were significantly higher (Wu  & 

Zhang, 2010). Students who were assessed using mobile phone got higher marks in English 
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literature than those who were assessed using paper and pencil (Masri, 2012; Mayotte, 2010). 

However, there was no statistically significant difference in the students' performance due to 

gender. The results from the previous literature review are summarized in table 6.1.1. 

Table 6.1.1. Test achievement among PBT, CBT and MBT 
Tet mode Support Evidence 

PBT > CBT Bunderson, Inouye, & Olsen, (1989);  
Mazzeo & Harvey, (1988); Way, Davis & 
Fitzpatrick, (2006); Pommerich, (2004); 
Bridgeman, Lennon, & Jackenthal 
(2003); Choi & Tinkler, (2002); Keng, 
McClarty & Davis (2006) 
 

PBT = CBT Noyes & Garland (2008);  Russell & 
Haney (1997); Mason, Patry & Berstein 
(2001); Campton (2004); Bodmann & 
Robinson (2004); Akdemir & Aguz, 
(2008);  Macedo-Rouet, Ney, Charles, & 
Lallich-Boidin, (2009); Kim & Huynh 
(2007); Wang et al. (2008) 
 

CBT > PBT Bugbee & Bernt (1990); Pomplun, Frey, 
& Becker (2002); Chin & Donn (1991) ; 
Coniam  (2006); Choi, et al (2003); 
Gretes & Green (2000); Clarianna & 
Wallace (2002) 
 

MBT = PBT &  
MBT = CBT 

 

Romero, Ventura & de Bra (2009);  
Segall ,Toni, Doolen, & Porter (2005); 
Treadwell (2006) ;  Karadeniz (2009) 
 

MBT > PBT & 
MBT > CBT 

Wu & Zhang, (2010);  Masri (2012) 

 

6.1.3 Methodology 

The main purpose of this study is to evaluate the use of mobile devices in assessment 

in the settings of a Greek University and compare students’ achievement among PBT, 

CBT/WBT and MBT. 

 

 

http://20.132.48.254/ERICWebPortal/search/simpleSearch.jsp;jsessionid=OR-PNMOhGqKMa2fwubox9w__.ericsrv004?_pageLabel=ERICSearchResult&_urlType=action&newSearch=true&ERICExtSearch_SearchType_0=au&ERICExtSearch_SearchValue_0=%22Green+Michael%22�
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Research Design 

The research implemented in two stages as Fig 6.1.1 shows. During the first stage, we 

delivered a midterm exam in three groups of students (P, C, M) where three testing modes 

were used (PBT, CBT and MBT respectively). We recorded student scores in respect with the 

testing mode. In the second stage, after a month, we delivered a final single mode paper-

pencil exam to the same groups of students. Recorded achievement levels acted as evaluation 

criteria of student quality. 

We hypothesized that testing mode does not affect student performance. We also 

hypothesized that gender does not affect performance in respect with the testing mode. 

 Group 
P  Group 

C  Group 
M 

stage 1 PBT  CBT  MBT 
      

stage 2 PBT  PBT  PBT 
      

 Figure 6.1.1. Research Design 

Participants  

The participants in this study were 203 first-year undergraduate students, 73 males 

(35%) and 130 females (49%), enrolled in an introductory informatics course, in the 

Department of Economic Sciences of a Greek University. The course was composed of two 

modules: Theory and Practice. The theoretic module introduced general concepts of ICT and 

the practical module introduced the use of Word Processing and Internet use. Student 

participation in the test became on a voluntarily basis. Two weeks in advance a preliminary 

questionnaire answered by students showed a high percentage of Android smartphones 

possession and a high willingness to use them in the assessment. These results were in 

accordance with previous research that investigated students’ usage, preferences and desires 
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regarding the use of mobile devices in education. The participants who owned Android 

smartphones were assigned to the MBT group. All the rest assigned randomly between the 

CBT and PBT modes, taking into account computer seats availability in the University 

Computing Center (UCC). Students participated in CBT and MBT all reported a sufficient 

experience using computers or smartphones respectively. 

Data Collection 

Stage 1 implemented with an exam consisted of 30 multiple choice questions, 25 from 

the theory module and 5 from the practice module. Multiple choice quizzes (MCQ) are 

suitable for assessing a learner’s factual knowledge (Chao, Hung, & Chen, 2011) and gained 

large popularity lately due to their efficiency and objectivity (Mayotte, 2010). Also, they can 

easily be transferred from the paper version to the computer or smartphone screen. The exam 

was handed out to the PBT group in the traditional paper & pencil format.  CBT group used 

the computers of the UCC.  A QR code with the download link for the quiz application was 

handed out to the MBT group and students downloaded and installed the Android quiz 

application by scanning the appropriate QR code just before the examination. The use of the 

CBA and MBT system was very simple. The user first had to log into the system. Each page 

showed the question, the four possible answers and the “next” / “OK” button. The student 

had only to choose the right answer and then he/she had to push the “next” / “OK” button. 

The assessment’s duration was 30 min. The maximum score, if all questions were answered 

correctly, was 30. The interface was kept as simple as possible to avoid possible destructions. 

Security issues were considered to avoid cheating during the exam.  Fig. 6.1.2 shows the 

assessment’s interface through a sample question in CBT. Fig. 6.1.3 shows the assessment’s 

interface through a sample question in MBT. Stage 2 implemented with a traditional final 

paper & pencil exam. 
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Figure 6.1.2 Sample question on CBT Figure 6.1.3 Sample question on MBT 

 
 

6.1.4 Data Analysis 

One-way analysis of variance (ANOVA) was used in both stages. ANOVA 

assumptions (normal scores distribution in each testing group and homogeneity of variance) 

were satisfied.  

Stage 1 

Table 6.1.2 represents students’ scores in all three assessment modes. Mean score in 

MBT mode was higher than   CBT and mean score in CBT mode was higher than PBT. One-

way analysis of variance, reveals a significant difference among scores in all three assessment 

modes, F = 4.511, p = .012 < .05. 

 

 

 

Tukey post-hoc analysis, shown in Table 6.1.3, indicates that scores in MBT were 

significant higher (mean difference = 1.827 with sig.= .008 < .05) compared with the PBT 

Table 6.1.2 Descriptive statistics  of students’ scores in all three assessment 
modes (stage 1) 

Test 
mode 

n mean SD 

PBT 99 18.21 3.895 
CBT 53 18.85 2.964 
MBT 51 20.04 3.310 
Total 203 18.84 3.590 
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equivalent. There were no significant differences between CBT and PBT mode (mean 

difference = .637 with sig.= .540 > .05) or between CBT and MBT (mean difference = 1.190 

with sig.= .201 > .05). 

 

 

 

 

 

Table 6.1.4 represents male and female students’ scores in all three assessment modes. 

Mean score in MBT mode was higher than   CBT and PBT modes. CBT mode was higher 

than PBT. One-way analysis of variance, does not reveal a significant difference among 

scores in all three assessment modes for male students, F = 1.255, p = .291 > .05. There was a 

significant difference in scores though among assessment modes for female students, F = 

3.400, p = .036 < .05. 

 

 

 

 

 

Tukey post-hoc analysis, as shown in Table 6.1.5, indicates that scores in MBT were 

significant higher (mean difference = 1.978 with sig.= .027 < .05) compared with the PBT 

equivalent. There were no significant differences between CBT and PBT mode (mean 

Table 6.1.3. Tukey HSD Post-Hoc for students’ scores in all three assessment 
modes 

(I) TestMode (J) TestMode Mean  
Difference (I-J) 

Std. 
Error 

Sig. 

PBT 
CBT -.637 .601 .540 

MBT -1.827* .608 .008 
 

CBT 
PBT .637 .601 .540 

MBT -1,190 .692 .201 
 

MBT 
PBT 1.827* .608 .008 

CBT 1.190 .692 .201 
 

Table 6.1.4. Descriptive statistics  of male and female students’   scores 
in all three assessment modes (stage 1) 

 Test 
mode 

n mean SD 
 

Male 

PBT 43 18.42 3.887 
CBT 11 19.18 3.894 
MBT 19 20.05 3.440 
Total 73 18.96 3.791 

Female 

PBT 56 18.05 3.929 
CBT 42 18.76 2.721 
MBT 32 20.03 3.287 
Total 130 18.77 3.485 
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difference = .708 with sig.= .569 > .05) or between CBT and MBT (mean difference = 1.269 

with sig.= .258 > .05). 

Table 6.1.5. Tukey HSD Post-Hoc for female  students’ scores in all 
three assessment modes 

(I) 
TestMode 

(J) TestMode Mean  
Difference (I-J) 

Std. Error Sig. 

PBT 
CBT -.708 .699 .569 

MBT -1.978* .758 .027 
 

CBT 
PBT .708 .699 .569 

MBT -1.269 .803 .258 
 

MBT 
PBT 1.978* .758 .027 

CBT 1.269 .803 .258 
 

 

Students in MBT group performed better than the other groups. The significant difference 

was between MBT and PBT mode. Also female students in MBT group seem to perform 

significantly better than the ones in CBT and PBT groups, while male students demonstrate 

almost the same performance in all modes. In order to check if this is due to a test mode 

effect or it just happened to have high achievers in M group we proceeded to the next stage. 

In stage 2 we measured student performance of all groups (M, C, P) through a traditional 

paper and pencil final exam. 

Stage 2 

Stage 2 implemented after a period of one month with a traditional paper and pencil 

assessment with questions from theory and practice modules also. Within this stage we 

collected evidence about the overall achievement level of the participated students. Even 

though the assessment delivery media was paper- based for all three groups, the same pattern 

of  performance among groups were observed, as table 6.1.6 shows. 
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Mean score in M group was higher than   the C group and mean score in C group mode was 

higher than the P group. One-way analysis of variance, reveals a significant difference in 

scores among the three groups, F = 6.031, p = .003 < .05.  

 

 

 

 

 
 

 

 

Tukey post-hoc analysis in table 6.1.7 indicates that scores in M group were 

significant higher compared with the P group (mean difference = 3.143 with sig.= .002 < 

.05 ). 

Table 6.1.7 Tukey HSD Post-Hoc for  students’ scores in all groups for PBT 
(Stage 2) 

(I) Group (J) Group Mean Difference (I-
J) 

Std. Error Sig. 

P 
C -.917 .895 .562 

M -3.143* .906 
.002 

 

C 
P .917 .895 .562 

M -2.226 1.031 
.081 

 

M 
P 3.143* .906 .002 

C 2.226 1.031 
.081 

 
 

Table 6.1.8 represents male and female students’ scores in all groups. Mean score in M group 

was higher than   the C group and mean score in C group was higher than the P group. There 

was no significant difference in scores among groups for male students, F = .750, p = .476 > 

Table 6.1.6. Descriptive statistics  of students’ scores in all groups 

for PBT (stage 2) 

Group n mean SD 

P 99 13.61 5.686 

C 53 14.53 5.179 

M 51 16.75 4.390 

Total 203 14.64 5.386 
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0.05, while there was a significant difference in scores among groups for female students, F 

=6.989, p = .001 < .05.  

 

 

 

 

 

 

 

 

 

Tukey post-hoc analysis indicates that females in M group had significant higher 

scores (mean difference = 4.363 with sig.= .001 < .05) comparing with the P group while no 

significant differences were observed for the other modes. 

One last statistical test examines the score change, defined as the difference between 

performance in the final exam (post) and the midterm exam (pre) for each group. The test 

determines which groups are significantly different with respect to the interaction. Did M 

group show a significant difference relative to C or P groups?  ANOVA reveals that there 

was no significant difference between the groups (F = 1.317, p = .270 > .05). 

Analysis in the second stage reveals the same pattern in student performance with the first 

stage: M group > C group > P group. The same pattern was also observed for female and 

male students separately.  No matter the testing mode student have the same performance 

pattern across all three assessment media. The lower overall scores in stage 2 are due to the 

higher difficulty of the final exam. Also students who owned mobile devices had better 

achievement compared to their classmates. Figure 6.1.4 shows the mean scores of male and 

Table 6.1.8. Descriptive statistics  of male and female students’ scores in all 
groups for PBT (stage 2) 

 Group n mean SD 
 

Male 

P 43 14.78 5.357 
C 11 16.21 4.653 
M 19 16.36 4.763 

Total 73 15.39 5.095 

Female 

P 56 12.71 5.815 
C 42 14.05 5.254 
M 32 17.08 4.199 

Total 130 14.22 5.518 
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female students for the different assessment modes (stage 1), while figure 6.1.5 shows the 

mean scores for male and female students for the same PBT final exam (stage 2). 

 

 

 

Figure 6.1.4 Means for PBT, CBT and MBT 
 

 

Figure 6.1.5 Means for P, C and M groups 
 

6.1.5 Conclusions and Discussions 

The incompatible findings from the literature lead to the conclusion that the test mode 

effects of PBT, CBT and MBT is an issue that need to be resolved. The motivation of the 

present study is to investigate the potential of replacing PBT with CBT and especially with 

MBT. This study suggests that testing mode does not seem to have any effect in student 

actual performance (at least in MCQ format and providing that test takers have a sufficient 
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level of computer or smartphone experience respectively). Computer or smartphones as 

assessment media do not hinder nor improve test taker performance. 

CBT is more than a decade old. Standardization of testing procedures, lower costs, 

time savings, improved scoring accuracy, immediate feedback, adaptability are  some 

benefits of CBT but still its equivalency to PBT is controversial. On the other hand, the 

introduction of mobile devices such as PDAs, mobile phones, portable computers, into the 

learning pedagogy can compliment e-learning by creating an additional channel of 

assessment (Treadwell, 2006). Using mobile devices instead of computers may eliminate the 

need for a specialized computer classroom and can be used anywhere (Huang, Lin, & Cheng, 

2010). This shift to MBT looks interesting and promising also.  

However, there is still the issue of equivalency between the testing modes that needs 

to be resolved. According to Noyes and Garland (2008), equivalence of test modes relates to 

whether a task in paper form remains the same when transferred to a computer. Equivalence 

is going to be hard to achieve since two different presentation and response modes are being 

used. Closed tasks (i.e. multiple choice questions) are easier to transfer from paper onto 

screens. Students tend to like more the multiple choice questions format. However, the 

multiple-choice examination does not challenge students to make an in-depth effort to study 

(Shih, Chuang, & Hwang, 2010). The mode of item presentation is a basic driving factor in 

the comparability of test modes. The presentation format can affect the cognitive load of the 

test taker. Another issue is the comfort of the examinee with the testing medium: students 

may be more familiar with scrolling and clicking a mouse or tapping on a touch sensitive 

screen instead of using the pencil as a primary writing tool. In this way they enjoy CBT or 

MBT and prefer them to traditional paper testing (Way, Davis, & Fitzpatrick, 2006). 

Familiarity with the testing medium, anxiety level and attitudes associated with the use of 

computers or mobiles, even gender are other sources of differentiation between “paper and 
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screens”. In our study female students with mobile devices performed better in both 

conditions. Also students and especially females performed better in the MBT mode for the 

ICT exam. This may be due to their better comprehension of computer technology. MBT, 

under some circumstances, may stimulate students more in order to answer the questions with 

a higher level of concentration. Other intellectual and motivational characteristics (i.e. “early 

adopters of technology) or even their social background (i.e. higher social status) may be 

responsible for this better performance. In the present study we have not investigated (beyond 

gender) these parameters in relation with student performance across different assessment 

modes. This will be a future line of our research. 

Another source of variation between “paper and screen” is the content area. Russell 

(1999) examined the mode effect on students’ performance in three subject areas: science, 

math, and language arts. The students with computerized tests performed better in science, 

but no significant mode effects were found for language arts and math tests.  

Screen capacity limits and other destructors such as the difficulty to review a question 

or temporarily skip an item may be factors that influence student’s performance. The 

suitability of the test delivery methods needs to be investigated before any “computerized” or 

“mobilized” implementation in order to have the best outcome for the test taker. 

Under the light of this study, assessment mode does not seem to affect student 

achievement, and so CBT or MBT can progressively replace PBT wherever and whenever 

possible. Mobilized assessment can be the assessment of choice in innovative forms of testing 

such as location or context aware assessment. Or to put it otherwise, since test delivery mode 

does not hinder student performance, test takers could have the option to use their mobile 

phones as test delivery devices, if they wanted to. These suggestions are valid at least for 

multiple choices testing format, which was the format that was elaborated in the present 

study.  
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MBT may be a promising alternative assessment technique. The impact of testing 

mode needs to be considered though. Not all test delivery modes may be suitable for all 

students. Online test delivery may be helpful for students more comfortable to use computer 

or mobile technology. They probably should be able to choose the test method that fits to 

their style and preferences. CBT and MBT could complement conventional paper testing and 

not necessarily replace it. 
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6.2 The impact of paper-based, computer-based and mobile based self assessment on 

students’ science motivation and achievement  

6.2.1 Introduction 

Science, Technology, Engineering, and Math (STEM) education is gaining more and 

more importance lately due to the growing demand in Science and Technology jobs from one 

site and the decline in student interest to follow STEM careers from the other (U.S. 

Department of Education, 2013; Department for Professional Employees, 2013). Different 

pedagogical approaches along with appropriate educational technologies need to be employed 

in order to enhance students’ motivation towards STEM disciplines (OECD, 2008, Kearney, 

2016). Assessment is one fundamental issue in every educational ecosystem. Different 

assessment delivery media (paper and pencil, computers or mobile devices) lead to different 

assessment modes: Paper-Based Assessment (PBA), Computer-Based Assessment (CBA) or 

Mobile devices-Based Assessment (MBA) respectively. One way to enhance students’ 

learning motivation can be accomplished through appropriate assessment practices and 

conditions (Stefanou & Parkes, 2003). According to Wenemark et al. (2011) testing mode has 

an impact on test-taking motivation and hence testing performance.  

This study investigates the impact of different assessment media (paper-based, 

computer-based and mobile-based) on students’ motivation and achievement towards 

learning high-school Physics. Since Physics is in the heart of STEM, investigating the impact 

of different assessment modes onto learning motivation and performance may lead to further 

enhancement of student motivation, engagement and achievement.  

The chapter starts with a brief theoretical background about learning motivation and 

self-assessment. Then, it proceeds with the experimental method (participants, instruments, 

procedure).  Results section follows along with discussion and conclusions as well as 

limitations and future research. 
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6.2.2 Literature Review 

Motivation is “the process whereby goal-directed activity is instigated and sustained” 

(Pintrich & Schunk, 2002, p. 5). Motivation to learn is a critical factor affecting learning 

(Lim, 2004). Many theories provide frameworks to study learning motivation. The current 

research uses the work of Glynn and Koballa (2006) as the theoretical framework to study the 

construct of Science learning motivation. The exploratory factor analysis by Glynn et al. 

(2009) provided insight into how students conceptualized their motivation to learn science. 

According to this framework, the current study considers the following subcomponents of 

Science learning motivation: intrinsic motivation, extrinsic motivation, self-efficacy, self-

determination, personal relevance and anxiety. Intrinsic motivation refers to doing something 

because it is interesting and enjoyable while extrinsic motivation refers to doing something 

because of external rewards (Deci & Ryan, 1985). Self efficacy refers to students’ belief that 

they can achieve well in science (Lawson, Banks, & Logvin, 2007). Self-determination refers 

to the control students believe they have over their learning of science (Black & Deci, 2000). 

All the above motivational components influence self-regulatory learning (Glynn & Koballa, 

2006). In order to provide the appropriate learning conditions for self-regulatory learning we 

implemented a series of self-assessment tasks. During the process of self-assessment, 

students have the ability to monitor and evaluate the quality of their own learning. Research 

shows that self-assessment improves student motivation, engagement and learning 

(McMillan, & Hearn, 2008).  

Self-assessment can be delivered through paper-and-pencil, computers-web or 

internet-connected mobile devices. Despite the ongoing shift from traditional paper-and-

pencil towards computer-based assessments (Scherer & Siddiq, 2015), the impact of 

computers and mobile devices vs. paper-and-pencil delivery modes on students’ performance 

and motivation has not been fully explored yet. As explained in the previous section 6.1, 
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comparisons of test scores across different assessment types produced contradicting results. 

In some studies students scored higher on computer versus paper administration (Clariana & 

Wallace, 2002;  Wallace &  Clariana, 2005), while in others no difference in test scores were 

found (Jeong, 2012; Chua & Don, 2013).  

There is an interesting line of research that focus on investigating different delivery 

mediums with respect to students’ attitudes (Hwang & Chang, 2011; Chen, 2010; Huff, 

2015), motivation (Chua & Don, 2013; Shih et al., 2011) and learning achievement as well 

(de-Marcos et al., 2010; Looi et al., 2011; Song et al., 2012). Most studies show mixed 

results. However, there are a considerable number of studies providing evidence that 

technology mediated delivery modes have a positive impact on attitudes and performance. 

Table 6.2.1 presents an overview of the results. There are studies revealing the positive 

impact that computer-based assessments have on student motivation and learning (Chua, 

2012). Also, other studies show that mobile-based assessments can promote learner’s 

motivation both inside the classroom boundaries e.g. classroom response systems (Sutherlin, 

Sutherlin, & Akpanudo, 2013) as well as in ubiquitous learning scenarios outside the 

classroom (Shih, Chu, Hwang, & Kinshuk, 2011; Chu, Hwang, Tsai, & Tseng, 2010). 

Usually, studies focusing on the impact of technology mediated assessment on learning 

motivation and performance deploy a single learning or assessment strategy. To our 

knowledge, no studies exist that comparatively investigate the effect that paper-and- pencil-, 

computer- or mobile-based self-assessments  have on the motivational orientation and   

learning achievement of high-school students towards learning science. In the context of 

STEM secondary education, the current study adds to the existing literature by comparatively 

and simultaneously investigating both motivational factors and performance issues in respect 

to all three self-assessment delivery modes (paper-, computer- and mobile-based). 
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Table 6.2.1 
Impact of paper-, computer- and mobile-based delivery on students’ attitudes, motivation  and 

performance 
Study Results 

 
Computer-based assessments 

Chua and Don (2013) - computer-based testing increased participants’ intrinsic motivation, 
self-efficacy and anxiety 

Timmers et al. (2013) - positive effects of invested effort and self-efficacy on achievement in 
computer-based assessments 

Deutsch et al. (2012) - a web-based mock examination changes attitudes in favor of 
computer-based assessment 

Chua (2012) - CBT develops stronger self-efficacy, intrinsic and social testing 
motivation 

Cakir and Simsek 
(2010) 

- no significant difference exists between students who studied in a 
computer-based environment and a paper-based environment 

Macedo-Rouet et al. 
(2009) 

- students preferred paper-based delivery mode for learning and 
assessment 

 
Mobile-based assessments 

Looi, Sun and Xie 
(2015) 

- the experience of the mobilized science curriculum improves students' 
test results, engagement and self-reflection 

Sun (2014) - mobilized science curriculum increases students’ motivation for 
answering questions and improves student learning in terms of test 

achievement 
Song (2014) - the use of mobile devices (compared to the paper-based material) 

leads to  better students’ understanding of the subject matter with 
positive attitudes toward seamless science inquiry 

Looi et al. (2011) - a mobilized science curriculum (compared to a traditional program) 
increases student engagement and performance 

Hwang and Chang 
(2011) 

- a formative assessment mobile–based approach  promotes students’ 
learning interest and attitude and also improves learning achievement 

de Marcos et al. (2010) - m-learning auto assessment improves student achievement 
Romero, Ventura and 

de Bra (2009) 
- students were highly motivated and enjoyed using mobile application 

for testing while no  significant differences in the results obtained 
Chen & Chung (2008) - personalized  mobile-based English vocabulary learning promotes 

learning performances and interests of learners 

6.2.3 Methodology 

Participants   

The participants were 66 students from a European upper high school. The sample 

consisted of 34 males (51%) and 32 females (49%). The average age of students was 16.2 

(SD = 0.99). They were all enrolled in a Physics course (part of their official curriculum) 

having the same educational background. All students had the same exposure to information 

technologies. Based on a self-reported questionnaire about computer efficacy as well as 
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mobile-devices efficacy they were asked to fill in (Kenny et al., 2012), they had the same 

average level of computer and mobile devices skills.   Students were randomly assigned into 

three groups: 23 students (35% of the participants) to the paper and pencil group (PBA), 21 

students (32% of the participants) to the computer group (CBA) and 22 students (33% of the 

participants) to the mobile-devices group (MBA). PBA group used paper and pencil, CBA 

group used computers and MBA group used mobile devices in order to answer a series of 

fourteen (14) self-assessment tasks delivered to them during a period of seven weeks (2 tasks 

per week). 

Instruments   

The assessment tasks were quizzes designed by the classroom teacher and they were 

drawn from the field of Electromagnetism (electrical fields, electric potential, magnetic 

fields, electromagnetic induction and Laplace force). Each quiz consisted of 10 multiple 

choices, true-false or fill-in-the blank questions capturing conceptual knowledge. The quiz 

questions were the same over the PBA, CBA and MBA while the interface kept as similar as 

possible among the three media of delivery. Fig. 1 shows a sample question in CBA and Fig. 

2 shows the same question in MBA. 

  
Figure 6.2.1 Sample question in CBA Figure 6.2.2 Sample question in 

MBA 
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Each question was followed by a simple form of feedback indicating correct/incorrect 

along with a short informative message stressing the appropriate study material for review 

when appropriate. Students were asked to answer the quizzes after school hours, during their 

personal study time. While in CBA and MBA feedback was given online, in PBA a separate 

instruction sheet with the answers was given for student assistance. Their ultimate goal was 

to support students to self-monitor their progress and keep them engaged.  

The questionnaire used to evaluate student motivation is the Science Motivation 

Questionnaire (SMQ). It is a 30-item questionnaire developed by Glynn and Koballa (2006) 

and it is used to assess six components of students’ motivation to learn science in college or 

high school. The six components are intrinsic, extrinsic, personal relevance, self-

determination, self-efficacy, and anxiety. The questionnaire has been extended to a 

discipline-specific version, the Physics Motivation Questionnaire (PMQ). The questionnaire 

proved to be reliable and valid with high internal consistency (Glynn, Taasoobshirazi, & 

Brickman, 2009; Bryan, 2009). Appendix D shows the motivational scales of the adapted 

version of PMQ (with permission from its authors) that measure motivation towards the three 

assessment modes. The motivation scales ranged from 1 (Strongly disagree) to 5-points 

Likert type scale (Strongly agree).  

Research Design 
 

The experimental procedure follows a quasi-experimental pre-post test research 

design as shown in Figure 6.2.3.  
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Figure 6.2.3 Research design 

The three groups were equivalent in terms of prior ability and motivation.  20 

multiple-choice questions from the fields of Electricity and Magnetism used to evaluate 

student ability in Physics before the implementation of the seven week self-assessment 

procedure. One-way analysis of variance, reveals that no significant difference on Physics 

achievement among the three groups exist [F(2,63) = 0.365, p = 0.696] at this initial stage. 

Also, one-way analysis of variance, reveals that there was no significant difference on 

motivation among the three assessment modes, [F(2,63) = 0.220, p = 0.803]. The internal 

consistency (Cronbach’s alpha) for all motivational subscales for both pre-test and post-test 

conditions were all satisfactory ( > 0.7) as Table 6.2.2 shows. These values indicate an 

acceptable level of reliability and validity. 

 
Table  6.2.2.  
Reliability (Cronbach’s alpha) for pre-test and post-test subscales 
 pre-test 

motivation 
post-test 

motivation 
Intrinsic 0.89 0.90 
Extrinsic 0.71 0.72 
Personal Relevance 0.77 0.79 
Self-determination 0.81 0.83 
Self-efficacy 0.85 0.79 
Anxiety 0.88 0.89 
Overall Motivation 0.77 0.79 
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After the seven week self-assessment procedure, students answered the same Physics 

Motivation Questionnaire (as a post-test). Also their knowledge gain in the field of 

Electromagnetism was assessed through a 20 multiple-choice questions from Electricity and 

Magnetism domain. 

6.2.4 Data Analysis and Results 

Table 6.2.3 shows the paired  samples t-tests comparing the means for the grades and 

motivation along with its subscales between the pre-test and the post-test condition for 

mobile-based assessment (MBA), Table 6.2.4 for computer-based (CBA) and Table 6.2.5 for 

paper-based (PBA). The values of Cohen’s d effect size were calculated based on the mean 

and standard deviation scores. Cohen (1988) defined effect sizes as small when d ≤ 0.49, 

medium when 0.50 ≤ d ≤ 0.79 and large when d ≥ 0.80. 

 
The impact of assessment delivery medium on learning achievement  

Results show that there was an overall increase in learning achievement (grades) for 

all testing modes. For the MBA group there was a significant difference between the post-test 

and pre-test grades [t(21) = 5.38, p = .00; d = 0.35].   Also there was a significant difference 

[t(20) = 4.81, p = .00; d = 0.19]   between  post-test and pre-test grades for the CBA group.  

Post-test grades for MBA and CBA are significantly higher than the pre-test grades 

accordingly.  For the PBA group there were no significant differences between pre- and post-

test grades. 

 
The impact of assessment delivery medium on motivation 

Results show that there was an overall increase in student motivation for all testing 

modes. For the MBA group significant differences between the motivation means (pre-test 

and post-test values) were found for overall motivation [t(21) = 8.12, p = .00; d = 0.22], 

intrinsic motivation [t(21) = 6.71, p = .00; d = 0.40], extrinsic motivation [t(21) = 4.21, p = 
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.00; d = 0.24], and self-efficacy [t(21) = 14.82, p = .00; d = 0.12]. Also significant differences 

were found for the CBA group and specifically for the overall motivation [t(20) = 3.81, p = 

.00; d = 0.13], intrinsic motivation [t(20) = 6.32, p = .00; d = 0.36], extrinsic motivation 

[t(20) = 4.29, p = .00; d = 0.26] and self-efficacy [t(20) = 5.92, p = .00; d = 0.24]. There were 

no significant differences between pre- and post-test motivation values for the PBA group.  

 
Table 6.2.3.  
Paired samples test on grades and motivation for mobile-based assessment 
     pre-test 

   Mean (SD) 
      post-test 
     Mean (SD) 

   Mean 
Difference 

 T test 
t value 
(df=21) 

Effect size 
(Cohen’s d) 

Grade 14.41   (3.48)   15.54    (2.97)     1.14   5.38 **     0.35 
 

Overall Motivation 95.27 (22.33) 100.21  (21.46)     4.72   8.12 **     0.22 
Intrinsic 14.54   (3.39)   15.90    (3.57)     1.36   6.71 **     0.40 
Extrinsic 16.59   (3.89)   17.59    (4.29)     0.99   4.21 **     0.24 
Personal Relevance 15.59   (3.57)   15.77    (3.58)     0.18   0.85     0.05 
Self-determination 18.45   (4.48)   18.63    (4.24)     0.19   1.29     0.04 
Self-efficacy 16.59   (3.89)   18.18    (3.59)     1.59 14.82 **     0.44 
Anxiety 13.59   (3.23)   13.95    (2.90)     0.36   1.63     0.12 
* p   < .05, **p  < .01 

 

Table 6.2.4  
Paired samples test on grades and motivation for computer-based assessment 
 
Dimension 

    pre-test 
  Mean (SD) 

     post-test 
    Mean (SD) 

   Mean  
Difference 

   T test 
  t value         
(df=20) 

Effect size 
(Cohen’s d) 

Grade 13.52   (3.40) 14.14   (3.13)     0.62   4.81 **     0.19 
 

Overall Motivation 96.85 (22.66) 99.76 (21.41)     2.90    3.81 **     0.13 
Intrinsic 15.71   (3.56) 17.05   (3.80)     1.30   6.32 **     0.36 
Extrinsic 16.62   (3.93) 17.66   (4.21)     1.05   4.29 **     0.26 
Personal Relevance 15.71   (3.56) 15.57   (3.28)   - 0.14 - 0.77    -0.04 
Self-determination 18.57   (4.23) 18.76   (4.01)     0.19   1.23     0.03 
Self-efficacy 15.71   (3.93) 16.61   (3.37)     0.90   5.92 **     0.24 
Anxiety 14.71   (3.38) 15.04   (3.05)     0.33   1.43     0.11 
* p   < .05 , **p  < .01 

 

Table 6.2.5.  
Paired samples test on grades and motivation for paper-based assessment 
 
Dimension 

    pre-test 
  Mean (SD) 

     post-test 
    Mean (SD) 

   Mean 
Difference 

  T test 
  t value  
(df=22) 

Effect size 
(Cohen’s d) 

Grade 13.86   (3.40) 14.21   (3.44)     0.34   1.40     0.10 
 

Motivation 93.52 (20.27) 94.17 (20.78)     0.65   1.76     0.03 
Intrinsic 14.39   (3.21) 14.69   (3.35)     0.30   1.57     0.09 
Extrinsic 16.21   (3.57) 16.17   (3.83)    -0.04  -0.19    -0.01 
Personal Relevance 15.21   (3.28) 15.13   (3.47)    -0.08  -0.40    -0.02 
Self-determination 18.13   (3.86) 18.04   (3.94)    -0.09  -0.42    -0.02 
Self-efficacy 16.21   (3.57) 16.39   (3.65)     0.17   0.99     0.86 
Anxiety 13.39   (2.85) 13.47   (3.18)     0.09   0.42     0.02 
* p   < .05, **p  < .01 
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Performance and Motivation for low, medium and high achievers 

Also results indicate that the assessment delivery mode has a differentiated impact on   

performance and motivation depending on the student achievement level. Table 6 shows 

performance and motivation levels for MBA, CBA and PBA for low, medium and high 

achievers. For low-achieving students participating in MBA there was a significant difference 

between post- and pre-test grades [t(6) = 6.30, p = .00; d = 1.47]   and motivation  values [t(6) 

= 13.48, p = .00; d = 1.07]. Also for medium-achieving students   participating in MBA there 

was a significant difference between post- and pre-test grades [t(7) = 3.42, p = .00; d = 0.53] 

and motivation  values  [t(7) = 3.72, p = .00; d = 0.57]. Low-achieving students participating 

in CBA also have a significant difference in grades [t(7) = 9.00, p = .00; d = 0.64]  and 

motivation [t(7) = 7.52, p = .00; d = 0.46]. Also a significant difference was found in 

motivation of CBA high-achievers [t(4) = 4.47, p = .00; d = 0.27]. No significant differences 

in grades and motivation were found for the rest of student subgroups. 

Performance, Motivation and Gender 

One-way analysis of variance, revealed that there was no significant difference on 

motivation between male and female students, [F(1,64) = 1.83, p = 0.180] before the tests. 

Also, there was no significant difference on motivation levels between male and female 

students   after the tests, [F(1,64) = 1.89, p = 0.169] indicating that the testing modes did not 

affect differently performance and motivation of male and female students. 

6.2.5 Discussion and Conclusions  

This study aims to contribute to the related literature by comparatively examine the 

impact of paper-, computer- and mobile-assisted self-assessment on student motivation 

towards learning Physics. Previous research shows that appropriate use of digital 

technologies can have significant positive effects on students’ attitudes and achievement  
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Table 6.2.6.     
Performance and motivation for low, medium and high achievers 
 
 

  Pre-test 
Mean (SD) 

 Post-test 
Mean (SD) 

    Mean 
Difference 

  T test 
  t value 

 Effect size 
(Cohen’s d) 

 
Mobile-based testing 

Low-achievers                                                                                                             (df=6) 
Grade 10.43 (1.40) 12.57 (1.51)      2.27   6.30 *     1.47 
Motivation 71.71 (9.07) 78.75 (0.14)      7.04 13.48 **     1.07 

 
Medium-achievers                                                                                                      (df=7) 
Grade   14.37 (1.06)   15.00 (1.31)      0.63   3.42 *     0.53 
Motivation 100.50 (5.26) 103.50 (5.15)      3.00   3.72 *     0.57 

 
High-Achievers                                                                                                          (df=6) 
Grade   18.43 (1.07)   19.00 (1.27)      0.57   1.50      0.23 
Motivation 112.86 (8.89) 117.36 (8.05)      4.50   2.04      0.21 

 
Computer-based testing 

Low-achievers                                                                                                             (df=7) 
Grade 10.00  (1.85) 11.12 (1.64)      1.12   9.00 **     0.64 
Motivation 73.60  (8.94) 77.50 (8.07)      3.87   7.52 *     0.46 

 
Medium-achievers                                                                                                     (df=7) 
Grade   14.33  (1.06)   14.50 (1.19)      0.17   1.00     0.11 
Motivation 102.00  (9.50) 104.87 (9.14)      2.87   0.20     0.02 

 
High-Achievers                                                                                                         (df=4) 
Grade   17.8  (0.84)   18.40 (0.89)      6.00   2.45     0.14 
Motivation 125.2  (7.60) 127.20 (6.90)      2.00   4.47 *     0.27 
 

Paper-based testing 
Low-achievers                                                                                                                                                    (df=8)  
Grade   9.57 (1.30) 09.43 (1.51)      0.14   2.00     0.04 
Motivation 77.58 (8.80) 77.71 (0.14)      0.13   7.57     0.12 

 
Medium-achievers                                                                                                          (df=7)  
Grade   14.35 (1.12)   14.44 (1.31)      0.09   0.07     0.16 
Motivation   99.90 (4.56) 101.50 (5.15)      3.00   1.90     0.06 

 
High-Achievers                                                                                                              (df=5)  
Grade   18.14 (1.07)   18.43 (1.27)      0.29   2.50      0.04 
Motivation 114.43 (9.79) 115.86 (8.05)      1.43   4.04     0.02 

      * p   < .05, **p  < .01 

 

(Serradell-López et al., 2010). The current study provides evidence that the delivery mode of 

self-assessment (through paper and pencil, computer or mobile device) has an impact on 

students’ motivation and learning achievement.  

Analysis of the results indicate that when mobile devices or computers are used for 

delivering self-assessments to high school students, their overall motivation towards learning 

science (including intrinsic motivation, extrinsic motivation and self-efficacy) increases.  

Higher learning motivation levels are also accompanied by higher learning performance as 

http://www.sciencedirect.com/science/article/pii/S0747563213002124#b0170�
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well, confirming previous research findings that motivation is the most important driving 

force to explain online students’ achievement. (Castillo-Merino & Serradell-López, 2014).  

Students’ engagement in the assessment procedure using computers or mobile devices 

(instead of the traditional paper-and-pencil assessments) encourages their motivational 

beliefs. Study participants, especially low achievers, self-reported an increased interest 

(intrinsic and extrinsic motivation) and self-efficacy.  High school students enjoy 

participating in self-assessments using computers or mobile-devices (intrinsic motivation) 

and also feel rewarded (extrinsic motivation). Previous research investigated the factors that 

impact the behavioral intention to use computer-based assessment from the perspective of the 

Technology Acceptance Model (Terzis & Economides, 2011).  Furthermore, motivational 

enablers have been introduced in the above model to study the acceptance of mobile-based 

assessment as well. Intrinsic motivation has been found to have a sound impact on behavioral 

intention to use mobile-based assessment (Nikou & Economides, 2014a; 2014b).  

Beyond intrinsic motivation (the inherent enjoyment and interest of the task itself) and 

extrinsic motivation (the motivation to engage in an activity because it is rewarding itself and 

also may be perceived as being personally important), students also feel confident about 

using computers or mobile devices to answer the questions.  Students’ perceived ability to 

succeed in the assessments refers to as self-efficacy. Engagement with technology can 

empower students’ self-efficacy in general and in relation to STEM education (Shank & 

Cotten, 2014). Previous studies have shown that students’ perceptions of their own ability 

and efficiency to use digital technologies positively influence not only their motivation but 

also their achievement as well (Castillo-Merino & Serradell-López, 2014). 

 
Students’  beliefs that computer- and mobile- based assessments are interesting tasks, 

along with their self-efficacy beliefs that they themselves are able to perform well on these 

tasks, are closely related with better learning engagement and achievement. Computers and 
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especially mobile devices are appealing tools for teenagers and seem to increase their science 

learning motivation when they are used in self-assessment and learning.  Increased 

motivation leads to increased achievement as well. The findings of the study also suggest that 

the positive impact on science learning motivation and achievement is greater for the medium 

and low achieving students. Low achieving students are usually the unmotivated students. 

This study provides evidence that the use of computers and mobile devices in self assessment 

procedures positively affects more the low-achieving students by significantly increasing 

their motivation and performance.  Furthermore, it is not surprising that the motivational 

advantage is greater for the mobile devices (Ciampa, 2014; Sun, 2014). 

Low motivation is a problem usually relevant to low-stakes testing scenarios and may 

raise   important issues regarding test validity or accountability measures (Finn, 2015).  

However, assessment, when appropriately delivered, may enhance motivation (Black & 

Wiliam, 1998; Wise, 2014). Also, it has been shown that online self-assessment improves 

final exam pass rates (Ćukušić, Garača, & Jadrić, 2014). The current study provides evidence 

that appropriate use of different assessment delivery media (e.g. computers, mobile devices) 

has the potential to enhance student learning motivation and hopefully achievement. 

Furthermore, the findings of this study provide an important implication that educators and 

educational policy makers, in the context of their general effort to diminish the problem of 

poor motivation towards science learning, should consider alternatives (i.e. computer- or 

mobile-based assessments) to paper-based assessments.  

However, the positive impact that computers and especially mobile devices have on 

students’ motivation level needs further investigation. Future research with larger samples, a 

longer duration, different age groups or cultural backgrounds and different educational 

subjects will further investigate the impact of computer-based and mobile-based self-

assessment on student learning motivation and achievement. 
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Concluding, a better understanding of the impact of the assessment delivery mode on 

student science learning motivation and achievement will contribute to improved design of 

educational scenarios and policies with ultimately better educational outcomes.  
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Chapter 7:  Mobile-based micro-Learning and Assessment  

7.1 Introduction 

Low learning motivation and poor student performance are core issues in science 

education (Kearney, 2016; Rocard, et al., 2007). About 20% of 15-year-old-students across 

the Organization for Economic Co-operation and Development (OECD) countries who 

participated in the Programme for International Students Assessment (PISA) 2015 performed 

below the baseline level of proficiency in science (OECD, 2016). Student performance is 

related to motivation to learn (Wijsman, et al., 2016). Therefore, a critical challenge in most 

educational systems worldwide is to reduce the number of unmotivated and low-performing 

students.  

According to our literature review, there is a gap as regards empirical research about 

mobile-based micro-learning delivered as homework assignments in the context of secondary 

science education. Homework is an important part of student learning (Epstein & Van 

Voorhis, 2012). A 30-year meta-analysis on the homework-achievement relationship by Fan 

et al. (2017) suggests that homework is positively associated with students’ achievement in 

science, especially for K-12 students. Moreover, since homework completion requires a more 

autonomous oriented type of motivation (Katz, Eilot, & Nevo, 2014; Katz, Kaplan, & Gueta, 

2009), this allows a direct connection to Self-Determination Theory of motivation (Deci & 

Ryan, 1985).  

This chapter uses the lenses of the Self-Determination Theory of motivation and 

proposes a Mobile-Based micro-Learning and Assessment (MBmLA) homework intervention 

for secondary school students of science and investigates, in comparison with the traditional 

paper-and-pencil homework approach, its impact on student learning performance, 

motivation and learning satisfaction.  
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The research questions that the current study investigates are the following: 

Research Question 1: What is the effect of a Mobile-Based micro-Learning and Assessment 

(MBmLA) homework intervention, compared to the traditional paper-based homework, on 

high-school students’ learning performance in science?  

Research Question 2: Does Mobile-Based micro-Learning and Assessment (MBmLA) 

homework, compared to traditional paper-based homework, have an impact on high-school 

students’ self-perceived levels of autonomy, competence and relatedness?  

Research Question 3: What is the effect of the Mobile-Based micro-Learning and Assessment 

(MBmLA) homework intervention, compared to the traditional paper-based homework, on 

high-school students’ learning satisfaction?  

7.2 Background 

Micro-learning is a learning approach that is based on small learning units and short-

term focused activities (Lindner, 2007; Hug, Lindner, & Bruck, 2006). In micro-learning, 

learners make use of micro-media in order to obtain micro-content such as definitions, 

formulas, small paragraphs, brief video segments, mini podcasts, flash cards or quizzes 

(Zhang & Ren, 2011). Also, with micro-assessment, small chunks of student knowledge and 

skills can be evaluated in less time and without the need to make special testing arrangements 

(Bundovski, Gusev, & Ristov, 2014). Research has shown that micro-learning fits into the 

human model of processing information in small manageable chunks and therefore enables 

better retention (Bruck, Motiwalla, & Foerster, 2012). Furthermore, micro-learning can better 

engage students in on-line and blended learning (Semingson, Crosslin, & Dellinger, 2015). 

Micro-learning and micro-assessment, easily integrated into everyday activities, can support a 

more flexible model of learning reflecting the needs of mobile users (Buchem & Henrike, 

2010).  
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One effective delivery medium for micro-learning and micro-assessment are mobile 

devices (Hug, Lindner, & Bruck, 2006). There are many benefits associated with micro-

learning delivered through mobile media: learning becomes more accessible anytime and 

anywhere, ubiquitous, just-in-time and on-demand, adaptive and learner-centric (Coakley, 

Garvey, & O’Neill, 2017).  

Mobile-based micro-learning has been acknowledged as a successful learning strategy 

in the workplace (Werkle, Schmidt, Dikke, & Schwantzer, 2015; Bruck, Motiwalla, & 

Foerster, 2012). It also improves learning performance and motivation in professional and 

corporate working environments (Wen & Zhang, 2015; Pimmer & Pachler, 2014; Munoz-

Organero, Munoz-Merino, & Kloos, 2012) as well as in Massive Open Online Courses 

(MOOCs) (Sun et al., 2015).  

While previous research in the domain of K-12 science education (Tingir et al., 2017; 

Sung et al. 2016; Hwang & Wu, 2014, Liu et al., 2014) provided evidence that the use of 

mobile devices improves students’ performance and motivation, our review of the literature 

reveals a gap as regards empirical research about a mobile-based micro-learning homework 

methods in high school science education. Moreover, according to the mobile learning review 

by Zydney and Warner (2016), a stronger alignment is needed between the general 

underlying theories and measured outcomes. Researchers agree that further investigation is 

needed in order to understand the motivation mechanisms of mobile micro-learning (Sha, 

Looi, Chen, & Zhang, 2012).  There are previous works reporting on mobile learning and 

motivation. Ciampa (2014) reported on the motivational affordances of challenge, curiosity, 

control, recognition, competition and cooperation when using mobile devices for learning in 

primary school. Su and Cheng (2015) developed and implemented a mobile gamification 

learning system to improve motivation of elementary students in terms of attention, 

relevance, confidence and satisfaction. Sha et al. (2012) proposed an analytic self-regulated 
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learning model of mobile learning as a conceptual framework for understanding mobile 

learning for elementary students also.  However, further investigation, grounded in a solid 

theoretical framework, regarding the motivational impact of mobile micro-learning in the 

context of secondary education would be valuable (Chee et al., 2017; Semingson, Crosslin, & 

Dellinger, 2015). The current study uses the Self-Determination Theory (Deci & Ryan, 2002) 

of motivation as a theoretical framework to study motivation in the context of mobile-based 

micro-learning homework in high-school science classes. 

Considering the design issues related to micro-learning, micro-content units are small, 

focused and autonomous and therefore micro-learning has the potential to support learners’ 

sense of autonomy and facilitate self-directed learning (Buchem & Henrike, 2010). 

Moreover, in the context of social networking, micro-learning artifacts are suitable for 

sharing in social networks or social online learning environments (Liao & Zhu, 2012) 

enabling thus interactions among learners and supporting their sense of relatedness. This 

allows direct connections with the Self-Determination Theory of Motivation. 

7.3 A Mobile-Based micro-Learning and Assessment (MBmLA) homework 

environment 

In probe the aforementioned issue, a learning environment was designed and 

implemented to support mobile-based micro-learning after-school learning activities. The 

system was developed based on the jQuery mobile framework for the user interface and PHP 

and MySQL for the questions database, providing the appropriate flexibility needed in order 

to be implemented for other teaching topics as well.  Each homework assignment was 

consisted of a series of fifteen micro-content units, each one followed by a true/false or 

multiple-choice type question with feedback and also an extra collaborative task that students 

were asked to complete.  
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The micro-content units were self-contained, focusing on a single important point, 

with the information they provided to be autonomous and comprehensible to students without 

the need to search for additional external information (for autonomy support). After each 

micro-content unit, a question was presented to student.  Each question was accompanied 

with immediate appropriate emotional and cognitive feedback. Students were provided with 

encouraging and elaborated with knowledge-of-correct-response feedback (for competence 

support).  Moreover, students could use a peer-learning on-line forum to share information 

and materials with classmates.  Also, the task of using a cloud-based shared document (i.e. 

Google Docs) or a mind-map and submit a collaborative group solution to a problem (groups 

of four students were formed in advance), for teachers’ input, was part of each assignment 

(for relatedness support).  

The aim of the assignments was to reinforce content covered in class with special 

attention to improve the retention of factual knowledge. There were ten such homework 

assignments, prepared by the course instructor and delivered in a five-week period (two per 

week), and indented to be completed during non-class hours. Students were free to access the 

on-line homework whenever they needed   to and complete, for each assignment, ten out of 

the fifteen questions of their choice.  

Figure 7.1 illustrates an example of (a) a micro-content unit about Ohm’s law, (b) a 

true/false question with the corresponding feedback and (c) the cloud-based document for 

students to submit their collaborative group work. The example shown has been translated in 

English from the native language of the students. 
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Figure 7.1  (a) Micro-learning unit (b) Example question (c) Example of on-line 
collaborative task 

7.4 Methodology 

 
Participants 

The participants were 108 students drawn from four science classes from a senior-

level high school in Europe.  The students were on average 17.1 (SD = 1.1) years old. There 

were 51 (47%) males and 57 (53%) females. All students had already used mobile devices for 

communication, web searching and entertainment purposes, and occasionally for study 

support (e.g. searching and accessing educational resources). The median mobile self-

efficacy score was 82 out of 100, on a scale adopted from Kenny, et al. (2012), indicating that 

students were considered themselves as highly efficacious to use mobile devices.  All 

students had the same instructor (an experienced STEM teacher). They all were following the 

same science curriculum. Based on their previous grades and according to their instructor, all 

students were equivalent in terms of academic performances before being assigned to the two 

different groups. Students were randomly assigned to the control group (n = 54) and to the 

experimental group (n = 54). Students in the control group followed a traditional paper & 
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pencil-based homework intervention while students in the experimental group followed the 

Mobile-Based micro-Learning and Assessment (MBmLA) homework intervention. Students 

in the experimental group used smartphones (88%) and tablets (12%).  Screen sizes however 

were comparable and the application was optimized to support multiple screen sizes. Students 

were not allowed to change groups during the intervention. Students and the instructor were 

informed in advance about the research procedure and the study’s intention, appropriate 

permissions were requested and approved, participation was voluntarily and all data were 

collected anonymously.  

Measuring instruments 

The subject taught was “Electric fields and Currents” which is among the core 

subjects in the high school students’ national science curriculum. In order to evaluate 

students’ knowledge on electric fields and currents, a pre-test and a post-test were developed 

with “multiple-choice with comments” type questions. Both tests were scoring from 0 to 7. 

The aim of the pre-test was to evaluate students’ prior background factual knowledge while 

the aim of the post-test was to evaluate students’ factual knowledge after the intervention. 

Factual test questions examined knowledge of basic facts (such as a definition or formula) 

presented in class (e.g. Bloom’s taxonomy; Krathwohl, 2002). Example of a factual question 

is: “Let I be the current through a conductor, V be the voltage measured across the 

conductor’s ends and R the resistance of the conductor. What happens to the current when the 

voltage across the conductor’s is doubled? Select the right answer: (a) 2I, (b) I2 (c) I, (d) I/2 

and explain”. Both pre-test and post-test were developed by the course instructor with the 

assistance of two experienced physics teachers in order to ensure content validity.  

In order to assess students’ levels of self-perceived autonomy, competence and 

relatedness, a pre-questionnaire and post-questionnaire were developed.  The pre-

questionnaire was designed to assess pre-existing levels of students’ motivation while the 

https://en.wikipedia.org/wiki/Electrical_resistance�
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post-questionnaire was designed to assess levels of students’ motivation after the 

intervention. 

In order to develop the questionnaire used in our research, we adopted items from 

previously validated instruments. For the perceived autonomy, competence and relatedness 

we adopted items from Basic Psychological Need Satisfaction (BPNS) Questionnaire (Baard, 

Deci, & Ryan, 2004; Deci & Ryan, 2002) and the Intrinsic Motivation Inventory (IMI) 

Questionnaire (McAuley, Duncan, & Tammen, 1989). BPNS assesses   the degree to which 

people feel satisfaction of the basic SDT psychological needs. IMI assesses participants’ 

subjective experience related to intrinsic motivation and self-regulation.  A total of 12 

question items were used to assess these motivational needs on a 7-points scale (1 = strongly 

disagree to 7 = strongly agree). Sample items are: for perceived autonomy, “I feel a sense of 

choice and freedom while participating in the MBmLA activities”, for perceived competence, 

“After working at the MBmLA for a while, I felt pretty competent” and for perceived 

relatedness, “I feel connected with my classmates when I participate in the MBmLA”.  The   

three basic needs satisfaction factors had good internal reliabilities (alpha values were 0.84, 

0.80 and 0.85 for autonomy, competence and relatedness respectively).  

Regarding learning satisfaction we adopted six items from Hwang et al. (2013). 

Cronbach’s alpha value was 0.91. All items of the questionnaire were appropriately modified 

to fit to our research context. Also, all items were translated (from English) into the native 

language of the students from a language expert.  

Experimental procedure 

The study employs a two-group pretest–posttest experimental design procedure in 

order to test the efficacy of the proposed Mobile-Based micro-Learning and Assessment 

(MBmLA) homework approach compared to the traditional paper-based homework. Figure 
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7.2 illustrates our experimental procedure. Students were randomly assigned to one of the 

two conditions:  traditional paper-and-pencil approach (control) and the MBmLA approach 

(experimental).  

First, an orientation section with the all necessary information was offered to students. 

Also, before the experiment, students took a pre-test to assess their level of pre-existing 

factual knowledge about electric fields and currents. Students also completed a questionnaire 

reporting their perceived levels of autonomy, competence and relatedness before the 

intervention. 

 

Figure 7.2  Experimental procedure 

During the next five-week period, students in the control group participated in a traditional 

paper-and-pencil homework intervention while students in the experimental group 

participated in the MBmLA homework intervention.  
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The two homework approaches were the independent variable whereas learning 

achievement, the perceived levels of autonomy, competence, relatedness, and learning 

satisfaction were the dependent variables. Figure 7.3 shows students of both groups working 

on their assignments. 

 

Figure 7.3.  Students working on their assignments (mobile-based and paper-based groups)   

Both learning environments (paper-and-pencil and MBmLA), aligned with the SDT 

principles (Deci & Ryan, 2002) ensured: i) autonomy support, by providing  optimally 

challenging assignments relevant to students’ interest, background knowledge and skills 

(Hartnett, 2015; Csikszentmihalyi, 1990), with meaningful choices (Reeve & Halusic, 2009) 

and defined purpose and value (Ryan & Deci, 2000a; 2000b) in an autonomy and  non-

controlling learning environment (Wang et al., 2015); ii) competence support, by providing 

appropriate guidance and feedback with motivational support (Burgers et al., 2015; Gikandi, 

Morrowa, & Davis, 2011), and iii) relatedness support, by facilitating  social interactions 

through  peer communication and collaboration for the group work (Hartnett 2015; Sorebo, 

Halvari, Gulli, & Kristiansen, 2009).   
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Most aspects of the two learning interventions (e.g. instructor, learning content and 

questions, learning aim and expected outcome) were the same except for the delivery and 

presentation mode (traditional paper-and-pencil vs. mobile-based micro-learning) along with 

their distinctive features of each mode. The homework requirement for students in the 

MBmLA condition was to answer, using their mobile devices, a set of questions that followed 

the related autonomous micro-learning units. Students also received interactive feedback with 

motivational support.  The homework requirement for students in the traditional paper-and-

pencil condition was to answer, using the paper-worksheets they were given, the same 

questions that followed the related book study material. Students could check the correctness 

of their responses in a separate sheet of paper with the knowledge-of-correct-response 

answers. Furthermore, students in the MBmLA condition encouraged to participate in on-line 

synchronous or asynchronous social interactions and share material and information, while 

students in the paper-and-pencil condition were instructed to participate in face-to-face 

collaboration sessions after-class. However, this was not always feasible due to timing 

constraints in a busy class schedule.  After the intervention, students took a post-test in order 

to evaluate again their level of factual knowledge about electric fields and currents. They also 

self-reported their perceived levels of motivation (autonomy, competence, relatedness) and 

learning satisfaction.  

7.5 Data Analysis and Results 

Learning performance  

In order to answer the first research question   i.e. to compare the learning 

achievement of the two groups, we conducted a one-way analysis of covariance (ANCOVA) 

with the studying mode (traditional paper-based homework vs. MBmAL homework) as the 

independent variable and the posttest and pretest scores as the dependent variable and 

covariate respectively. The assumptions of normality of distribution and the homogeneity of 
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regression were confirmed (F = 0.11, p > 0.05). Table 7.1 shows that, after excluding the 

impact of the pre-test scores on the post-test, the learning achievement  for the two groups 

were significantly different ( F = 7.49, p < 0.01, η2 = 0.07). The adjusted mean for the control 

group was 4.36 and for the experimental group 4.88. The significantly higher learning 

performance in terms of factual knowledge of the experimental group compared with that of 

the control group implies that the MBmLA benefited the students more than the traditional 

paper-based approach. 

Table 7.1  ANCOVA results of the post-test results for learning achievement on factual 
knowledge 

Variable Group N Mean SD Adjusted 
Mean 

Sdt. 
error F value 

Partial 
Eta 

Squared 
Learning Control 54 4.28 1.00 4.36 0.13 7.49** 0.07 

 Experimental 54 4.97 1.22 4.88 0.13   
*** p < 0.001, ** p < 0.01 

Perceived autonomy, competence and relatedness 

In order to answer the second research question, i.e. to compare the motivation levels 

of the two groups, we conducted a one-way analysis of covariance (ANCOVA) with the 

studying mode (traditional paper-based homework vs. MBmLA homework) as the 

independent variable and the posttest scores on perceived autonomy, competence and 

relatedness as the dependent variables. The pre-questionnaires scores for autonomy, 

competence and relatedness were used as covariates, in order to remove possible effects of 

pre-existing individual differences among students. The assumptions of normality of 

distribution and the homogeneity of regression for perceived autonomy, competence and 

relatedness were confirmed with F = 1.65, (p > 0.05), F = 0.07, (p > 0.05) and F = 0.11, (p > 

0.05) respectively.  
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For perceived autonomy, table 2 shows that, after excluding the impact of the pre-test 

scores on the post-test, perceived autonomy for the two groups was significantly different ( F 

= 29.75, p < 0.001, η2 = 0.22). The adjusted mean for the experimental group (5.61) was 

significantly higher than that of the control group (4.62).  

For perceived competence, table 7.2 shows that, after excluding the impact of the pre-test 

scores on the post-test, perceived competence for the two groups was significantly different ( 

F = 14.35, p < 0.001, η2 = 0.12). The adjusted mean for the experimental group (5.18) was 

significantly higher than that of the control group (4.44). 

For perceived relatedness, table 2 shows that, after excluding the impact of the pre-

test scores on the post-test, perceived relatedness for the two groups was significantly 

different ( F = 10.58, p < 0.01, η2 = 0.92). The adjusted mean for the experimental group 

(4.83) was significantly higher than that of the control group (4.18). 

From the adjusted means, it can be implied that the MBmLA homework approach 

support enhances students’ levels of perceived autonomy, competence and relatedness.  

Table 7.2 ANCOVA result of the post-test scores for autonomy, competence and 
relatedness 

Variable Group N Mean SD 
Adjusted 

Mean 

Sdt. 

error 
F value 

Partial 

Eta 

Squared 

Autonomy Control 54 4.64 0.97 4.62 0.12 29.75*** 0.22 

 Exp. 54 5.59 0.90 5.61 0.12   

Competence Control 54 4.44 0.97 4.44 0.14 14.35*** 0.12 

 Exp. 54 5.18 1.11 5.18 0.14   

Relatedness Control 54 4.17 1.00 4.18 0.14 10.58** 0.92 

 Exp. 54 4.83 1.21 4.83 0.14   

*** p < 0.001, ** p < 0.01 
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Learning satisfaction                 

In order to answer the third research question, we conducted independent sample t-

tests for the students’ learning satisfaction. Table 7.3 shows the results. 

     Table  7.3  t-test results for the learning satisfaction of the two groups 
Variable Group N Mean SD t value 

Learning satisfaction Control 54 5.24 1.00 3.35** 

 Experimental 54 5.82 0.78  

** p < 0.01 

The results of an independent sample t test show significant difference between the two 

groups (t = 3.35,   p < 0.01). The mean for the experimental group (5.82) was higher than the 

mean of the control group (5.24). This implies that the mobile-based micro-learning approach 

better enhances student learning satisfaction in comparison to the conventional paper-based 

approach. 

7.6 Discussions and Conclusions 

The current study proposes a Mobile-Based micro-Learning and Assessment 

(MBmLA) homework intervention that enhances student motivation (in terms of autonomy, 

competence and relatedness) and improves factual knowledge and learning satisfaction of 

secondary school students. 

Previous studies provided evidence about the positive impact of mobile learning on 

students’ performance and motivation (Tingir et al., 2017; Liu et al., 2014). Nevertheless, 

further insight regarding the use of mobile micro-learning in the context of homework 

delivery for high school students would be valuable. While a considerable body of research 

exists for the effectiveness of mobile micro-learning in the context of work-based and 

corporate training (Werkle, Schmidt, Dikke, & Schwantzer, 2015; Wen & Zhang, 2015), 

there is a lack of research focusing on mobile micro-learning homework approaches for high 

school science (Semingson, Crosslin, & Dellinger, 2015).  
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Homework is an important part of student learning and it is positively associated with 

students’ achievement in K-12 science (Fan et al., 2017).    Furthermore, its role receives 

greater importance especially in content-heavy curriculums (Ruohoniemi & Lindblom-

Ylänne, 2009) and large class sizes (Harfitt & Tsui, 2015). The study builds on existing 

research about the benefits that computer-based homework offers to students e.g. immediate 

feedback and step-by-step scaffolding (Hauk, Powers, & Segalla, 2015; Mendicino, Razzaq, 

& Heffernan, 2009) as well as optimization of student learning (Babaali & Gonzalez, 2015; 

Kelly K., et al., 2013). In line with previous findings suggesting that use of mobile devices in 

teaching yielded higher achievement scores than traditional teaching in all subject areas 

(Tingir, et al., 2017), our MBmLA approach improves student factual knowledge. 

Moreover, the current study contributes to the technology enhanced learning literature 

by aligning design issues of mobile micro-learning with the Self-Determination Theory of 

motivation. Previous studies suggested different ways to enhance student motivation in 

mobile learning. To name just a few, Ciampa (2014) proposed challenge, curiosity, control, 

recognition, competition and cooperation, Su and Cheng (2015) proposed attention, 

relevance, confidence and satisfaction, Sha et al. (2012) proposed a model based on self-

regulation. The current study, based on SDT, proposes that student motivation can be 

enhanced by supporting the basic psychological needs of autonomy, competence and 

relatedness. 

Regarding autonomy, online learning environments have the potential to provide 

students with an optimal autonomy-supportive environment for learning (Chen & Jang, 2010; 

Sorebo, Halvari, Gulli, & Kristiansen, 2009). Perceived autonomy support and autonomous 

forms of motivation is essential for homework activities (Hagger, Sultan, Hardcastle, 

Chatzisarantis, 2015). The proposed MBmLA approach, by taking advantage of the anytime-

anywhere features of mobile-devices, it offers a series of self-contained micro-learning units, 

http://www.tandfonline.com/author/Lindblom-Yl%C3%A4nne%2C+Sari�
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providing thus an autonomy supportive homework environment where students experience a 

better sense of autonomy.  

Regarding competency, research has shown that technological affordances provide 

students the opportunities to develop and better demonstrate their competencies (Gikandi, 

Morrowa, & Davis, 2011). Feedback on computer-based homework can benefit students by 

giving them more control on their learning (Fyfe, 2016) and positively affecting their sense of 

perceived competence (Hartnett, 2015).  In our study, the timely provision of interactive 

cognitive and emotional feedback in the mobile-based micro-learning approach enhances 

students’ perceived sense of competence.  

Regarding relatedness, research reveals that social networking integrated in online 

learning platforms for sharing information facilitates the interaction among members of the 

learning community. Liao & Zhu (2012) described it as “social micro-learning”.  In our 

mobile-assisted approach, the on-line sharing of information among high-school students and 

the collaborative content creation - required for the group tasks-, can be helpful to increase 

the interacting behaviors among the students and foster the sense of perceived relatedness, 

which is in-line with previous research in other contexts (Kukulska–Hulme & Shield, 2008). 

It is not the case that on-line communication can outreach face-to-face communication, but 

due to issues related to class administration and time management, face-to-face interactions 

on a specific homework task are not always feasible among class members. Therefore, 

mobile-based social micro-learning has the potential to provide opportunities to enhance 

perceived relatedness. 

Students perceive mobile-based micro-learning as satisfying in terms of the learning 

experience. Mobile technologies are very popular among young students and play an 

important role in their everyday lives. The same can be true for their learning also. The 
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proposed learning approach not only engages today’s students in mobile-based micro-

learning but it is also a promising instructional method for the lifelong adult learners of 

tomorrow (Buchem & Henrike, 2010).  

The study has some limitations. First, regarding learning performance, it focuses on 

factual knowledge, i.e. the basic elements (formulas, terminology) that students must know in 

order to be acquainted with a discipline or solve simple problems. Further research is needed 

to investigate if MBmLA can support conceptual knowledge as well, i.e. the 

interrelationships among the basic elements within a context (classifications, generalizations, 

theories and models) to solve more complex problems and engage in activities of higher 

cognitive levels – such as analyzing, evaluating and creating. Also, other question types (i.e. 

open-ended) as well as gamification elements (e.g.  micro-credentials) would be interesting to 

consider. Future research needs to be applied in more topics beyond science, using larger and 

more diverse samples. The effect of MBmLA on students with different academic 

achievement levels (e.g. low- vs. high- achievers) could be investigated.  It would be also 

interesting to incorporate assessment analytics such as learning behavioral patterns and 

temporal trace data.    

Technology-based homework is gaining popularity among many schools. However, 

more evidence is needed on how to optimize young students’ learning (Fyfe, 2016) and 

therefore, it still remains a challenge to develop technology-supported homework strategies 

that promote motivation and improve learning performance. Mobile-based micro learning 

provides a promising medium to promote factual learning and autonomous motivation for 

high-school students.  
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PPAARRTT  FFOOUURR  ––  AA  mmoottiivvaattiioonn  FFrraammeewwoorrkk  ffoorr  MMoobbiillee--BBaasseedd  AAsssseessssmmeenntt  

Chapter 8: Towards a Motivational Framework for Mobile-Based 

Assessment  

8.1  Introduction 

The utilization of mobile devices in learning and assessment provides many benefits 

to education: multimedia presentation capabilities, adaptivity and personalization, 

seamlessness, ubiquity, context-awareness and social media connectivity (West & Vosloo, 

2013). Many institutions promote nowadays the Bring Your Own Devices (BYOD) policies 

(Johnson et al., 2016). Research provides evidence that mobile technologies have a 

considerable potential for enhancing learning motivation (Sung et al., 2016; Crompton et al., 

2016); however in order for instructional designers and educators to effectively design and 

use mobile learning and assessment activities, they need to be aware of its underpinning 

motivational dimensions and concepts.  

There are many frameworks exploring mobile learning from different perspectives 

e.g. technology acceptance, system design, learning environment, pedagogy and evaluation 

(Hsu & Ching, 2015). However, research on mobile learning and assessment frameworks 

focusing primarily on psychological constructs is rather limited. No comprehensive 

framework exists that associates motivational constructs with features of mobile-based 

assessment. The current study is aiming at filling this gap in the literature by investigating the 

motivational constructs that relate to features of mobile-based assessment. Motivation is a 

fundamental issue in learning. Moreover, considering the lack of students’ interest towards 

STEM subjects and careers (Kearney, 2016), motivating students in science subjects is a very 

important issue nowadays. The current study uses the Self-Determination Theory of 

motivation as the basis for the proposed motivational framework for mobile-based 
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assessment, arguing that it provides an appropriate background in order to develop 

motivational mobile-assisted assessment activities. Previous research has already highlighted 

the importance of SDT in education (Reeve, Ryan, Deci, & Jang, 2008) and e-learning 

environments (Chen & Jang, 2010; Sørebø, Halvari, Gulli, & Kristiansen, 2009; Roca & 

Gagne, 2008). Autonomous motivation, in comparison with controlled motivation, has been 

associated with better learning (Kusurkar et al., 2011). With students’ perceptions of 

autonomy, competence and relatedness to be high enough, students feel self-determined and 

autonomously motivated (Niemiec & Ryan, 2009). Furthermore, research suggested 

numerous factors (e.g. limited choice, insufficient guidance and feedback, lack of 

communication) that can undermine learners’ perceptions of autonomy, competence and 

relatedness in an online context (Hartnett, 2015). 

This chapter is organized as follows. The next section presents the proposed  

Motivational Framework for Mobile-Based Assessment (MBAMF), based on SDT. 

Methodology section follows with the instruments, participants, procedure, data analysis and 

results sub-sections. The study closes with the conclusions and discussions section.  

8.2 Proposing a framework for student motivation in mobile-based assessment  

The current study proposes MBAMF, a motivational framework for Mobile-Based 

Assessments based on the Self-Determination Theory of motivation. The framework has 

three dimensions that correspond to the basic psychological needs of the SDT, namely 

autonomy, competence and relatedness. Each dimension, in turn, is further analyzed into sub-

dimensions that correspond to certain instructional principles. Autonomy support can be 

implemented by providing meaningful choices to students (Reeve, Ryan, Deci, & Jang, 

2008), offering contextualized support (Milrad et al., 2013) and reducing test anxiety. 

Competence support can be implemented by providing immediate and appropriate feedback 

http://www.ncbi.nlm.nih.gov/pubmed?term=Kusurkar%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21517676�
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to students (Mac Callum, Jeffrey, & Kinshuk, 2014), appropriate guidance (Mumm & Mutlu, 

2011) and delivering authentic learning and assessment tasks (Huang, Chiu, Liu, & Chen, 

2011). Relatedness support can be implemented by facilitating the communication (Hartnett, 

2015) and collaboration (Sorebo et al., 2009) among learners.  Figure 8.1 depicts the 

proposed framework.  

 

Fig. 8.1. The proposed framework MBAMF 

It is possible for mobile-based assessments to facilitate the implementation of the 

aforementioned instructional principles, when designed and implemented according to the 

following guidelines: 

• Group questions according to certain learning objectives and grading policies, and 

allow students to follow their own personalized learning-assessment paths by 

selecting to answer the questions set of their choice (A1). 
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• Deliver adaptive and personalized formative or self-assessments with optimally 

challenging tasks based on the students’ perceived capabilities in order to reduce the 

levels of students’ testing anxiety (A2). 

• Provide context-aware assessment tasks where questions are presented to and needed 

to be answered from students in real world locations after interaction with real or 

virtual objects through geolocation, RFID, QR-coding or other sensing technologies 

(A3). 

For competence support: 

• Provide emotional or cognitive feedback that is immediate and supportive in nature so 

as to increase students’ feelings of being capable and competent (C1).  

• Drive students to engage in authentic learning activities in ‘real world’ settings and 

offer them the possibility to participate in competence-based authentic assessments 

(C2). 

• Provide the appropriate guidance and supportive mechanisms in order to enhance the 

feelings of competence (C3). 

For relatedness support: 

• Facilitate synchronous and asynchronous communications among peers through 

messaging applications (R1). 

• Facilitate knowledge sharing among students through mobile-based cloud services 

(R2). 

The next section describes a pilot study that has been implemented for the preliminary 

evaluation of the framework. 
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8.3. Methodology 

 

The study, implemented in the context of the preliminary evaluation of the proposed 

framework, follows a quasi-experiment design. The independent variables were the two 

different assessment strategies (mobile-based and conventional paper-based). The dependent 

variables were the perceived levels of autonomy, competence and relatedness. 

 Instruments  

In order to evaluate the perceived levels of Autonomy, Competence and Relatedness, 

we adopted items from the following previously validated questionnaires:  (1) the Basic 

Psychological Need Satisfaction (BPNS) Questionnaire (Baard, Deci & Ryan, 2004) 

assessing   the degree to which people feel satisfaction of the basic SDT psychological needs 

and (2) the Intrinsic Motivation Inventory (IMI) Questionnaire (McAuley, Duncan, & 

Tammen, 1989) assessing participants’ subjective experience related to intrinsic motivation 

and self-regulation.  A total of 12 question items were used.  Sample item are: for perceived 

autonomy “I feel a sense of choice and freedom while participating in the MBA”, for 

perceived competence “I think I am pretty good at the MBA” and for perceived relatedness “I 

have the opportunity to be close to others when I participate in the MBA”.  All items were 

measured using 7-point Likert scales ranging from 1 (strongly disagree) to 7 (strongly agree). 

The   three basic needs satisfaction factors had good internal reliabilities (alpha values were 

0.79, 0.76 and 0.81 for autonomy, competence and relatedness respectively).  

Participants  

A total of 47 third-year medical students participated in the study. There were 27 

females and 20 males. The average age was 22. Participated students were randomly split into 

two groups: twenty students were assigned to be the control group and twenty-seven students 
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were assigned to be the experimental group. Students’ were informed about the research 

procedure; their participation was voluntarily and all the data collected anonymously. 

Procedure  

The study was implemented during a two weeks clinical training procedure of the 47 

third-year medical students in a near-patient work-placed clinical environment. There were 

two training sessions. Each session lasted for two hours and followed by a self-assessment.  

The first session performed during the first week and was about emergencies in cardiology 

(A) and the second session performed during the second week and was about heart infections 

(B).  In the beginning of the first training session students completed a pre-questionnaire 

about their pre-existing levels of motivation. Students from both groups followed the same 

near-patients clinical training program with the same doctors; however students in the control 

group answered a conventional paper-based test after each clinical training session (PBA 1 

and PBA 2) while students in the experimental group answered the same tests using their 

mobile devices (MBA 1 and MBA 2).  

The MBA used was based on a Moodle platform. There were 20 questions compliant 

with the Question and Test Interoperability (QTI) v.2.1 specifications, i.e. multiple-choice, 

multiple response and yes/no questions. During our system development, the following 

design issues (from the proposed framework) have been taken into consideration: (i) 

questions were grouped in three difficulty levels (tagged as easy, medium and difficult) with 

the students to decide which track to follow, (ii) questions were optimally challenging by 

taking into consideration previous students knowledge and experience, (iii) appropriate tutor 

guidance and immediate informative (cognitive domain) and positive (affective domain) 

feedback was provided, (iv) real-time record of student progress was shown (v) questions 

were associated with real authentic experiences giving the opportunity to the students to 

record evidence and reflection on their experiences in real work-placed authentic tasks, (vi) 
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students were able to upload and share questions, answers, self-reflections  and peer 

comments on real clinical work experience through cloud-based services. 

 In the end of the second training session students completed a post-questionnaire 

about their perceived levels of autonomy, competency and relatedness they had experienced 

during the assessment. Figure 8.2 shows the experimental procedure. 

 

Fig. 8.2 Experimental procedure    
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8.4  Data Analysis and Results 

Data analysis includes computation of t-tests and one-way ANCOVA procedures in 

order to analyze the data collected from the pre- and post-questionnaires about the perceived 

levels of motivation. SPSS 22.0 was used for the data analysis. 

The means and standard deviations of the pre-questionnaires for perceived autonomy 

were 3.71 and 1.15 for the control group and 4.04 and 1.11 for the experimental group with 

the t-test results to show no significant difference between the two groups for the pre-

questionnaires (t = 0.86, p > 0.05). The means and standard deviations of the pre-

questionnaires for perceived competence were 4.60 and 0.86 for the control group and 4.67 

and 0.93 for the experimental group with the t-test results to show no significant difference 

between the two groups for the pre-questionnaires (t = 2.50, p > 0.05). The means and 

standard deviations of the pre-questionnaires for perceived relatedness were 4.35 and 1.02 for 

the control group and 4.01 and 1.00 for the experimental group with the t-test result to show 

no significant difference between the two groups for the pre-questionnaires (t = 1.15, p > 

0.05). Therefore, the two groups had the same level of motivation before the clinical training 

procedure. 

 In order to test the differences between the two groups after the clinical training 

procedure, analysis of covariance (ANCOVA) used with the pre-test scores as the covariate 

and the post-test scores as the dependent variables.  

The results for the perceived levels of autonomy, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 17.38  p <   

0.001), as Table 8.1 shows. The adjusted mean for the experimental group (4.91) was 

significantly higher than that of the control group (3.86).  
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     Table 8.1 Ancova results for the post-test scores on perceived autonomy  
Group N Mean S.D. Adj. Mean Std. error F 

Control 20 3.75 1.10 3.86 0.19 17.38**
* 

Experimental 27 5.00 1.14 4.91 0.16  

*** p < 0.001 
 

The results for the perceived levels of competence, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 8.40  p <  

0.01), as Table 8.2 shows. The adjusted mean for the experimental group (5.10) was 

significantly higher than that of the control group (4.65).  

         Table 8.2 Ancova results for the post-test scores on perceived competence  

Group N Mean S.D. Adj. Mean Std. error F 

Control 20 4.62 0.88 4.65 0.12 8.40
** 

Experimental 27 5.13 1.14 5.10 0.10  

** p < 0.01 
 

The results for the perceived levels of relatedness, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 7.59  p <  

0.01), as Table 8.3 shows. The adjusted mean for the experimental group (5.54) was 

significantly higher than that of the control group (4.73).  

Table 8.3 Ancova results for the post-test scores on perceived relatedness  

Group N Mean S.D. Adj. Mean Std. error F 

Control 20 4.76 1.00 4.73 0.22 7.59** 

Experimental 27 5.51 0.95 5.54 0.19  

** p < 0.01 
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Therefore, the proposed approach had a significant positive impact on student perceived 

levels of autonomy, competence and relatedness, enhancing their motivation. 

8.5 Conclusions and Discussions 

Motivation is a fundamental issue in learning. Research provides evidence that mobile 

devices offer new opportunities in learning and assessment and also have the potential to 

enhance student motivation (Sung, Chang, & Liu, 2016).  

The current study proposes a motivational framework for developing mobile-based 

assessments. The framework explores the links among the SDT motivational dimensions of 

autonomy, relatedness and competence with the features of mobile technologies used in 

assessment. While many studies exist highlighting the importance of SDT in e-learning 

contexts, few studies exist in the context of mobile learning, e.g. a study that integrates SDT 

motivational factors into the technology acceptance model for MBA (Nikou & Economides, 

2017a). Our current work is aiming at filling this gap in the literature. 

The study also provides a preliminary evaluation of the proposed framework. It delivers 

competency based assessment via mobile devices in work-based settings with a positive 

impact on students’ motivation. From the experimental results, it was found that the proposed 

approach promotes student autonomy, competence and relatedness, and hence supports 

intrinsic motivation. Results are in-line with related literature (Sung et al, 2016; Crompton et 

al., 2016; Coulby et al., 2011). Furthermore, the proposed framework is one of the first 

approaches to model the motivational dimensions (based on SDT) of mobile-assisted 

assessment strategies.  

The proposed framework is in its early stage. Not all features of mobile learning have 

been investigated in terms of their motivational impact.  One of them is context-awareness. 

Contextualized support was not implemented in the current phase. In order for wireless 
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sensor technologies in real medical work-based environments to be implemented, specialized 

technical and administration issues need to be resolved first.  

The next chapter further elaborates on the framework and provides a more 

comprehensive version. This future version will consider the motivational impact of all 

features that wireless and mobile technologies can offer. The proposed framework, when 

fully developed, aims to help in designing and implementing more engaging mobile-based 

assessment that can trigger and sustain student learning motivation enhancing teaching and 

learning.  
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Chapter 9: A Mobile-Based Assessment Framework (MBAMF) to enhance 

students’ motivation 

9.1 Introduction 

Mobile devices are learning tools with a considerable potential in education (Sung, 

Chang, & Liu, 2016). They can provide many benefits: easier administration, multimedia 

presentation capabilities, adaptivity and personalization, context-awareness and social media 

connectivity offering seamless and ubiquitous learning experiences inside and outside the 

classroom boundaries (West, & Vosloo, 2013). Nowadays, many educational institutions 

promote the Bring Your Own Devices (BYOD) policies (Johnson et al., 2016). However, in 

order for educators and instructional designers to design, develop and implement effective 

mobile learning and assessment strategies, they need to be aware of the motivational 

opportunities mobile devices can offer.  

Many frameworks exist that consider mobile learning from different perspectives e.g. 

technology acceptance, system design, learning environment, pedagogy and evaluation (Hsu 

& Ching, 2015). However, research on mobile learning and assessment frameworks that 

primarily focuses on psychological constructs is rather limited. In order for educators and 

instructional designers to design, develop and implement effective mobile learning and 

assessment strategies, they need to be aware of the motivational opportunities mobile devices 

can offer. The current study, based on the Self-Determination Theory of Motivation (SDT; 

Deci & Ryan, 2002), is aiming at filling this gap in the literature by investigating the 

motivational opportunities that stem from the distinguished features and characteristics of 

mobile-based assessment. The framework can help in designing and developing more 

motivating and engaging assessment experiences.  

The chapter is organized as follows. The next section presents the Mobile-Based 

Assessment Motivational Framework (MBAMF). Then, the methodology section describes 
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the participants, procedures, assessment design issues, instruments, data analysis and results. 

The chapter concludes with the discussions, conclusions and directions for future research. 

9.2 Mobile-Based Assessment Motivational Framework (MBAMF) 

Theoretical background of MBAMF  

The theoretical design of the Mobile-Based Assessment Motivation Framework 

(MBAMF) is based on the Self-Determination Theory of Motivation (SDT; Deci & Ryan, 

2002).  Self-Determination Theory of motivation is a contemporary macro-theory of human 

motivation that distinguishes between two basic types of motivation: intrinsic and extrinsic 

motivation (Deci & Ryan, 1985).  Intrinsic motivation refers to doing something because it is 

interesting and enjoyable while extrinsic motivation refers to doing something due to an 

externally imposed control, e.g. a reward or punishment. SDT argues that intrinsic motivation 

is sustained when the three basic and universal human psychological needs of autonomy, 

competency and relatedness are satisfied. Autonomy refers to the desire of people to regulate 

and self-control their own behavior. Competence refers to the desire of being effective and 

sufficient when performing an activity. Relatedness refers to the desire of people to feel 

connected and associated with others. When students’ perceptions of autonomy, competence 

and relatedness are high enough, students feel self-determined and autonomously motivated 

(Niemiec & Ryan, 2009). Autonomous motivation in turn, in contrast to controlled 

motivation, fosters positive change (Simons, 2016) and leads to better learning (Reeve, Ryan, 

Deci, & Jang, 2008). Self-Determination Theory of Motivation (SDT) is one major theory 

used today in the development of pervasive technologies (Simons, 2016). Furthermore, it has 

been already successfully applied in different educational contexts including on-line learning 

(Chen & Jang 2010; Roca and Gagné 2008; Sorebo et al. 2009) and mobile learning (Nikou 

& Economides, 2017a).  The current study uses SDT as the basis for the proposed 
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motivational framework for mobile-based assessment, arguing that it provides an appropriate 

background in order to develop motivating mobile-assisted assessment activities. 

Description of the framework 

The Mobile-Based Assessment Motivational Framework (MBAMF) builds upon the 

three basic SDT psychological needs of autonomy, competence and relatedness. The 

framework comprises three channels corresponding to the three SDT constructs and three 

layers, each one with several modules, providing input to the aforementioned SDT constructs. 

Figure 9.1 shows the MBAMF with the three channels (vertically) corresponding to the 

motivation constructs of Autonomy, Competence and Relatedness and the three layers 

(horizontally) along with their modules that describe: (i) SDT instructional methods (L1), (ii) 

contemporary self-directed learning and teaching strategies supported by mobile devices 

(L2), and (iii) distinguished supporting mobile technological features offered by mobile 

devices (L3). While layer L1 is about instructional methods based on and complied with 

SDT, L2 and L3 layers introduce learning strategies and technologies respectively, mainly 

associated directly or indirectly, with mobile learning and assessment.  The framework 

provides the links among technological affordances offered by mobile devices, self-directed 

learning strategies employing mobile technologies and specific SDT instructional methods, 

aiming at fulfilling students’ basic psychological needs for autonomy, competence and 

relatedness.  
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Figure 9.1. Mobile-Based Assessment Motivational Framework (MBAMF)  
   (notation explained:  (a) stands for autonomy, (c) for competence and (r) for relatedness support,  

e.g. (a1.1) supports autonomy, (cr2.3) supports competence and relatedness) 
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Supporting Autonomy, Competence and Relatedness 

In the context of mobile-based assessment and in order to support the basic SDT 

psychological needs of autonomy, competence and relatedness the following instructional 

methods (layer1 support), learning strategies (layer 2 support) and mobile technologies (layer 

3 support) were used.  

Layer 1: SDT instructional methods 

Autonomy support (a1.1 to a1.5) can be implemented through the following SDT 

instructional methods. Educational activities should be relevant to students’ interests 

(Hartnett, 2015) with clearly defined purpose and value (Ryan & Deci, 2000a). Also, students 

should be offered reasonable workload with meaningful choices and options (Reeve & 

Halusic, 2009) in low-anxiety autonomy supportive vs. highly-guided controlling learning 

environments (Wang et al., 2015). Also, self-regulated problem solving activities is a 

preferable instructional method for self-determined learning (Hartnett, 2015).  

Regarding competence support (c1.1 to c1.5), the assignment of optimally challenging 

tasks that match to students’ skills and their learning contexts (Csikszentmihalyi, 1990) can 

enhance perceived competence levels. Learners have the opportunity to optimally perform 

and therefore experience high competence levels when they practice meaningful and useful 

‘real-world’ learning scenarios in authentic settings (Huang et al., 2011). Also, appropriately 

delivered non-controlling guidance and feedback can effectively support perceived 

competence (Burgers et al., 2015). Studies have highlighted the importance of immediate, 

informational and elaborative (Gikandi, Morrowa, & Davis, 2011) feedback.  

Perceived relatedness can be supported by promoting the collaboration (r1.1) and 

communication (r1.2) among learners and learners and tutor. Lack of interactions with the 

class undermines perceived relatedness (Hartnett, 2015), while working collaboratively to 
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accomplishing a goal reinforces the social nature of learning and enhances the feelings of 

‘related to others’. 

Layer 2: Learning pedagogies supported by mobile assessment  

We consider the following teaching and learning strategies that can be supported by 

mobile devices and are capable of supporting self-direction and self-determination in mobile-

based assessment: 

• “Students as creators” (Johnson, et al., 2016, pp. 18) (c2.1): the contemporary learning 

strategy in which students have the capacity to create and share learning content instead 

of just consume it.  Mobile devices features such as note-taking, recording, photos or 

videos capturing and sensing data facilitate content creation and storage. Students’ 

almost effortless capability to generate, upload and share learning content promotes 

their competence level (FitzGerald, 2012).  

• Micro-learning (c2.2): the flexible ‘anytime and anywhere’ delivery of micro learning 

content (definitions, small paragraphs, flash cards, quizzes) onto learners’ mobile 

devices, just-in-time and in the appropriate context. Micro-learning is capable of 

promoting competence (Bruck, Motiwalla, & Foerster, 2012).  

• Collaborative learning (r2.1): the learning strategy where students work together in 

peer-to-peer or group activities in order to develop solutions to problems (Johnson et 

al., 2016). Collaborative learning is successful in improving student engagement. 

Digital and mobile platforms help to establish online collaborations or peer-

assessments that can happen across location constraints and timing frames. Research 

shows that collaborative learning enhances the feelings of relatedness among students 

(Nikou & Economides, 2017b).  

• Seamless learning (ac2.1): the continuity of learning across different educational 

settings including formal and informal learning contexts, individual and social learning, 
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and physical world and cyberspace (Wong & Looi, 2011). Learners have the 

opportunity to optimally perform and therefore experience higher autonomy and 

competence levels when they practice meaningful ‘real-world’ learning scenarios in 

seamless, ubiquitous, contextualized and authentic assessments that match their skills 

and contexts (Huang et al., 2011).    

• Situated and Authentic learning (ac2.2): situated learning can be acquired in authentic 

learning contexts or in immersive artificial environments that simulate contexts (Lucke 

& Rensing, 2014). The usage of mobile devices allows for situated learning at authentic 

contexts. Students learn with real-world problems e.g. vocational training, scientific 

inquiries. Situated and authentic learning are associated with strong implications for 

autonomy and competence (Kearney et al., 2012). 

• Interactive feedback (ac2.3): the potential of mobile technologies to provide interactive 

feedback (cognitive or affective) supporting learners to better acquire knowledge and 

competencies necessary for mastering learning tasks. Studies have highlighted the 

importance of immediate, informative and elaborative feedback in promoting student 

competence and autonomy (Nikou & Economides, 2017b; Gikandi, Morrowa, & Davis, 

2011).  

• Competency-based learning (ac2.4): the learning strategy where students master 

specific skills (competencies) instead of learning abstract knowledge. It is a learner-

centered approach in which, students progress by demonstrating their competence. 

Competency-based learning not only enables students to master their skills at their own 

pace but it promotes autonomy as well (Burchell & Woolhouse, 1995). 

• Problem-based learning (PBL) (cr2.1): the learning strategy where students learn about 

a subject by working in groups to solve open-ended meaningful problems. Literature 

reports that PBL fosters self-regulated learning (Zimmerman & Schunk, 2001). The 
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introduction of mobile devices in problem-based learning is a promising approach to 

support students’ learning and enhance their motivation (Song, Wong, Looi, 2012). 

• Gamification (cr2.2): the integration of gaming elements and mechanics, into non-game 

situations and scenarios for training and motivational purposes (Johnson, et al., 2016). 

It is an emerging trend that can be easily applied in mobile-assisted assessments. 

Integrating game mechanics (e.g. badges into assessments) into assessments promotes 

intrinsic motivation and perceived competence, even though undesirable side effects 

may occur sometimes due to gamification features such as punishments or external 

rewards (Simons, 2016).  

• Game-based assessment (GBA) (cr2.3): the assessment that is performed through 

games. GBA provide opportunities for social interactions (relatedness support) and 

enhanced competence through personalization and adaptation tailored to the skills of 

each individual student (Farell & Moffat, 2014). 

 

 Layer 3: Technological affordances mobile assessment offers 

We consider the following technologies that are offered by mobile devices and are 

capable of supporting self-direction and self-determination in mobile-based assessment: 

• Affective computing (cr3.1): the computing systems that recognize and react to 

learners’ affective states by providing appropriate feedback e.g. empathetic emotion 

(relatedness support) provided by a computer agent (Moridis & Economides, 2012) or 

encouragement (Narciss et al., 2014) to support perceived competence.  

• Synchronous and asynchronous communication (r3.1 & r3.2): the communication that 

happens either in real–time (e.g. chat rooms, instant messaging application, virtual 

classroom technologies) or not (e.g. blogs, wikis, email). Communication among 
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learners can be implemented either as standalone messaging applications or embedded 

in learning management systems. 

• Social media (r3.3): the Web2.0-based applications or platforms that allow users to 

create and share information and user generated content. Social media have been 

extensively used in education for communication and peer-to-peer content sharing 

among learners (LeNoue, Hall, & Eighmy, 2011). 

• Context-awareness (acr3.1): the mobile device ability to detect learner’s context, i.e. 

the learner’s state, the educational activity’s state, the infrastructure’s state and the 

environment’s state (Economides, 2009). Contextualized learning has strong 

implications for learning autonomy (Milrad et al., 2013). According to Huang et al. 

(2011), the authentic dimension of context-aware ubiquitous learning has implications 

for competence support and the cooperative dimension has implications for 

collaboration support.   Context-aware mobile collaborative systems provide better 

collaboration among learners by detecting user locations and the activities they are 

involved in. 

• Personalization (acr3.2): the application’s ability to adapt to a particular user profile 

(knowledge, experiences, learning preferences, learning style) (Lucke & Rensing, 

2014). Personalized learning content delivery supports autonomous learning, 

competency-based learning and also leads to better student engagement (Pachler, 

Bachmair, & Cook. 2009). 

• Adaptivity (acr3.2): the application’s ability to automatically adapt to the user (e.g. 

personalization), or to the user’s context (e.g. learning content is selected based on the 

user’s current location) (Graf, Liu, & Kinshuk, 2010). The flexibility to adapt to 

different environments (physical or social) facilitates autonomy and relatedness 
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support. Furthermore, the mobile-based delivery of adaptive and personalized 

assessments can support student perceived competence (Song, Wong, & Looi, 2012). 

•  Wearables (acr3.4): the devices that are worn by users and can conveniently integrate 

tools that track movement, location, social media etc. (Johnson et al., 2016). 

• Augmentation (acr3.5): the layering of virtually available information or objects over 

the user’s view of the physical environment (Lucke & Rensing, 2014). Augmentation 

leads to the development of augmented or mixed reality applications available on 

context-aware mobile devices. AR can be beneficial to students’ perceived authenticity 

and motivation (Hsu, Lin, & Yang, 2016).   

• Mobile-based cloud computing (acr3.3): the combination of cloud computing, mobile 

computing and wireless networks to bring rich computational resources to mobile 

users. Mobile-based cloud computing can potentially have strong implications for 

learner autonomy (through ubiquity and seamlessness) competence (through situated 

and authentic learning) and relatedness (through communication and resource sharing). 

Students have ubiquitous access to learning resources, they can experience anytime and 

anywhere authentic learning and they can share learning resources with peers 

participating in collaborative problem-solving activities or peer-assessments.  

The next section describes the study implemented for the evaluation of the proposed 

MBAMF framework.  

9.3 Methodology 

Participants  

Fifty one (average age = 16.1 SD = 1.8) students from an urban European high school 

participated in the study. There were twenty seven female (53%) and twenty four male 

students (47%). All participating students had used mobile devices for personal purposes in 
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the past (gaming, web searching, communication, etc.) and most of them (92%) had used 

mobile devices for their own personal study (search for educational content, download class 

material, etc.). Therefore, mobile devices were not a completely novel learning tool for 

participants. Students’ participation was voluntarily; they were all informed about the 

research procedures in advance, appropriate permission was taken and all the data were 

collected anonymously.  

Procedures 

The study was implemented during a two-week period in the context of a secondary 

level science curriculum.  The study followed a two-group pretest–posttest experimental 

design. Participated students were randomly assigned into two groups: twenty-five students 

were assigned to be the control group and twenty-six students were assigned to be the 

experimental group. The independent variables were the two different assessment strategies 

(mobile-assisted and conventional paper-based). The dependent variables were the perceived 

levels of autonomy, competence and relatedness.   

In the beginning of the learning and assessment intervention all students completed a 

pre-questionnaire about their pre-existing levels of motivation. During the first week, all 

students attended a four-hour theory and laboratory session about electricity in their Physics 

class (A). At the end of the week, students participated in a self-assessment activity in the 

science lab aiming at supporting students learning about the basic features of the electric 

currents and circuits. Students in the control group participated in a conventional paper-based 

assessment (PBA1) while students in the experimental group participated in a mobile-assisted 

assessment (MBA1). During the second week, all students attended a two-hour session about 

biodiversity (B), in the context of an environmental project. Following the training session, 

students participated in a self-assessment activity in the botanic gardens, aiming at supporting 
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students learning about the plants’ special characteristics and their role in biodiversity. 

Students in the control group participated in a conventional paper-based assessment (PBA2) 

while students in the experimental group participated in a mobile-assisted assessment 

(MBA2). Figure 9.2 shows students during the assessment in the electricity lab and Figure 

9.3 shows a student in the mobile-assisted assessment in the botanic gardens.  

 

 

                         Figure 9.2. Science lab                      Figure 9.3. Botanic gardens 

After the two-week learning and assessment intervention, students completed a post-

questionnaire about their perceived levels of autonomy, competency and relatedness they had 

experienced during the assessments. Fig. 9.4 shows the experimental procedure. 

 

Figure 9.4. The experimental procedure  
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Assessment design issues 

Two assessments were developed for the study. Each assessment comprised twenty 

questions (multiple choice, fill-in–the-blank, yes/no and short-answer), based on the learning 

units previously discussed in class. Each assessment lasted for 45 min and developed by the 

class instructors, two experienced science teachers. Questions were mostly text-based with 

limited image support. Each assessment was delivered in two modes: paper-based (PBA) and 

mobile-based (MBA). Both assessment modes were sharing the same questions and had the 

same learning objectives: to help students understand the basics concepts of the subjects 

taught. Regarding assessment design, both modes (PBA and MBA) were based on the 

principles of the Self-Determination Theory of motivation (Deci & Ryan, 2002), aiming at 

fulfilling the students’ basic psychological needs for autonomy, competence and relatedness 

and therefore promoting their learning motivation. The following instructional methods 

(Level 1 from the proposed MBAMF framework) have been taken into consideration. For 

autonomy support, questions were  relevant to students’ learning (a1.1) and they were 

grouped in difficulty levels (tagged as easy, medium and difficult) according to learning 

objectives and the school grading policy, giving the students the option to answer the 

questions set of their choice (a1.2).  The assessment provided a reasonable workload (a1.4) 

and their objectives were clearly explained to students (a1.3).  Furthermore, for competence 

support, questions were optimally challenging (c1.1) and were related with authentic tasks in 

science lab or botanic gardens (c1.2). Also, appropriate non-controlling guidance and 

feedback were provided (c1.3 and c1.4). Moreover, for relatedness support, collaboration 

(r1.1) and communication (r1.2) among students and students and tutor were encouraged. 

In the mobile-assisted assessments (MBA1 and MBA2) additional support was 

provided through the mobile-based learning strategies that were employed (Level 2 of the 

framework) and the technological affordances of the students’ mobile devices (Level 3 of the 
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framework). The following modules of the proposed MBAMF framework were taken into 

consideration in the design of the MBA. Students in the mobile-assisted group experienced a 

ubiquitous context-aware (acr3.1) and authentic assessment activity (ac2.2). They were 

scanning the Quick Response (QR) codes that were placed on the learning objects (electric 

circuits or plants) and the appropriate location or activity sensitive questions were fetched 

from the questions database into their mobile devices. Then, students had to submit the 

correct answers.  Also, when needed, students were asked to create learning artifacts (e.g. 

take notes and photos) (c2.1) and share them with their classmates and tutor through their 

mobiles using a cloud-based service e.g. Google drive shared document (acr3.3). Students in 

the experimental group were receiving interactively through their mobile devices (ac2.3) 

immediate and informative feedback (cognitive domain), as micro-content (c2.4). Positive 

feedback and encouragement (cr3.1) (affective domain) were also given through the mobiles, 

when needed. Synchronous and asynchronous communications (r3.1 and r3.2) were 

facilitated through a dedicated classroom wiki and social media connectivity (r3.3) 

supporting collaboration among students (r2.1). The mobile-based assessment application 

developed using the jQuery mobile framework for the user interface and PHP and MySQL 

for the server backend support. Figure 9.5(a) shows an example of a question regarding 

electrical circuits in the science lab and Figure 9.5(b) shows an example of a question 

regarding plant identification in the botanic gardens. 
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                         Figure 9.5. MBA in (a) science lab   (b) botanic gardens 

On the contrary, in the conventional paper-based assessments (PBA1 and PBA2), 

satisfaction of the basic SDT needs (autonomy, competence and relatedness) was supported 

only through the SDT instructional methods (Level 1 of the framework) and through 

teacher’s minimum controlling behavior in class (Hartnett, 2015; Niemiec, & Ryan, 2009). 

Students in the control condition were guided only through paper-based instructions without 

contextualized support. Feedback was provided by the tutor. Interactions among classmates, 

communication and collaboration were face-to-face. However, both feedback and interactions 

were depending on class time and class administration and were not always easy to provide. 

Instruments 

 In order to evaluate the perceived levels of Autonomy, Competence and Relatedness, 

we adopted items from the following previously validated questionnaires:  (1) the Basic 

Psychological Need Satisfaction (BPNS) Questionnaire (Baard, Deci, & Ryan, 2004) 

assessing   the degree to which people feel satisfaction of the basic SDT psychological needs 

and (2) the Intrinsic Motivation Inventory (IMI) Questionnaire (McAuley, Duncan, & 

Tammen, 1989) assessing participants’ subjective experience related to intrinsic motivation 

and self-regulation.  A total of 12 question items were used.  The following are sample items 

for perceived autonomy: “I feel a sense of choice and freedom while participating in the 
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MBA”, for perceived competence: “I think I am pretty good at the MBA” and for perceived 

relatedness: “I have the opportunity to be close to others when I participate in the MBA”.  All 

items were measured using 7-point Likert scales ranging from 1 (strongly disagree) to 7 

(strongly agree). The three basic psychological needs satisfaction factors had good internal 

reliabilities (alpha values were 0.78, 0.79 and 0.82 for autonomy, competence and relatedness 

respectively).  

9.4 Data Analysis and results 

Data analysis includes computation of t-tests and one-way ANCOVA procedures in 

order to analyze the data collected from the pre- and post-questionnaires about the perceived 

levels of motivation. SPSS 22.0 was used for the data analysis. 

The means and standard deviations of the pre-questionnaires for perceived autonomy 

were 4.41 and 1.09 for the control group and 4.07 and 0.89 for the experimental group with 

the t-test results to show no significant difference between the two groups for the pre-

questionnaires (t = 1.18, p > 0.05). The means and standard deviations of the pre-

questionnaires for perceived competence were 4.51 and 0.85 for the control group and 4.52 

and 0.95 for the experimental group with the t-test results to show no significant difference 

between the two groups for the pre-questionnaires (t = 0.02, p > 0.05). The means and 

standard deviations of the pre-questionnaires for perceived relatedness were 4.02 and 1.02 for 

the control group and 4.04 and 1.13 for the experimental group with the t-test result to show 

no significant difference between the two groups for the pre-questionnaires (t = 0.05, p > 

0.05). Therefore, the two groups had the same levels of motivation before the learning and 

assessment procedure. 

 In order to test the differences between the two groups after the learning procedure, one-way 

analysis of covariance (ANCOVA) was conducted, investigating whether students 

participated in the mobile-assisted assessment experienced significantly higher levels of 
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perceived autonomy, competence and relatedness compared to students participated in the 

conventional paper-based mode. 

Pre-questionnaires scores for autonomy, competence and relatedness were used as 

covariates, in order to remove possible effects of pre-existing individual differences among 

students and the post-test scores as the dependent variables.   

The results for the perceived levels of autonomy, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 35.68  p <   

0.001), as Table 9.1 shows. The adjusted mean for the experimental group (5.82) was 

significantly higher than that of the control group (4.47).  

       Table 9.1.  ANCOVA of the post-test results for perceived autonomy 

Variable Group N Mean SD 
Adjusted 

Mean 
Sdt. 
error 

F value 

Autonomy Control 25 4.57 1.12 4.47 0.16    35.68*** 
 Experimental    26 5.72 0.82 5.82 0.15  

*** p < 0.001 

The results for the perceived levels of competence, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 10.18  p <  

0.01), as Table 9.2 shows. The adjusted mean for the experimental group (4.99) was 

significantly higher than that of the control group (4.59).  

    Table 9.2.  ANCOVA of the post-test results for perceived competence  

Variable Group N Mean SD Adjusted 
Mean 

Sdt. 
error 

F value 

Competence Control 25 4.58 0.96 4.59 0.09 10.18** 
 Experimental 26 4.98 1.05 4.99 0.08  

** p < 0.01 

The results for the perceived levels of relatedness, when adjusted for the covariate, 

revealed a significant difference after the intervention between the two groups (F = 19.15  p <  
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0.001), as Table 9.3 shows. The adjusted mean for the experimental group (5.16) was 

significantly higher than that of the control group (4.20).  

     Table 9.3.  ANCOVA of the post-test results for perceived relatedness 

Variable Group N Mean SD Adjusted 
Mean 

Sdt. 
error 

F value 

Relatedness Control 25 4.19 1.01 4.20 0.16 19.15*** 
 Experimental 26 5.16 1.03 5.16 0.15  

*** p < 0.001 

From the adjusted means (as shown in Figure 9.6), it can be implied that the proposed 

approach has a significant positive impact on student perceived levels of autonomy, 

competence and relatedness, enhancing their intrinsic motivation. The larger effect size of the 

ANCOVA results (η2) was found for perceived autonomy (η2=0.43) followed by perceived 

relatedness (η2=0.28) and perceived competence (η2=0.17). 

 

Figure 9.6. Adjusted means (post) for the basic SDT needs for both groups 
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9.5 Discussions and Conclusions  

 

 The current study proposes the Mobile Based Assessment Motivational Framework, a 

motivation-oriented framework for developing mobile-based assessments. The theoretical 

background used is the Self-Determination Theory of Motivation. The framework aims at 

investigating the links among the basic SDT psychological needs (autonomy, relatedness and 

competence) and the following supporting dimensions: (i) SDT instructional methods, (ii) 

self-directed learning strategies supported by mobile devices, and (iii) technological 

affordances offered by mobile devices, in the context of mobile-based assessments. 

Research about frameworks for the motivating features of mobile learning is limited. 

Moreover, no framework exists to address the design and development issues of mobile-

assisted assessments. The current study aims at filling this gap in the literature. The study 

builds on previous research that investigates the links among mobile devices features and 

self-regulation (Sha, Looi, Chen & Zhang, 2012) as well as the links among mobile devices 

features such as  personalization, collaboration and authenticity and student motivation 

(Burden & Kearney, 2016). Investigating the connection between mobile learning and SDT is 

an emerging research topic (Nikou & Economides, 2017b; 2014a; 2014b). The current study 

complements and extends previous research by proposing a framework that addresses design 

and development issues of mobile-assisted assessments from the perspective of the Self-

Determination Theory of Motivation.  

In order to evaluate the proposed framework, an experiment was conducted with 

secondary school students in the context of their science curriculum. As figure 9.6 shows, 

adjusted mean values for perceived autonomy, competence and relatedness for the control 

group were all above the average in the 7-point Likert scale. The application of SDT 

instructional principles and methods enhances students’ perceived levels of autonomy, 

competence and relatedness. Moreover, students participated in the mobile-based assessment 
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self-reported significantly higher levels of perceived autonomy, competence and relatedness 

compared to students in the control group. Students in the mobile devices assisted condition 

felt more autonomous in learning, competent and related with their peers than those in the 

control condition.  This is due to the fact that additional motivation support (in autonomy, 

competence and relatedness) was provided through mobile-based technologies and learning 

pedagogies, while this is not possible for the traditional paper-based condition. The results 

are in line with related literature (Sung, Chang, &  Liu, 2016; Crompton, Burke, Gregory, & 

Gräbe, 2016) concerning the positive impact of mobile learning on student motivation. 

Regarding perceived autonomy, several previous studies have reported the potential 

of contextualized, situated and personalized learning in facilitating autonomy support 

(Milrad, et al., 2013, Nikou & Economides, 2017b; 2014a; 2014b).  Students’ participation in 

the QR-code based activities enhanced their perceived level of autonomy. Regarding 

perceived competence, authentic ‘in-situ’ learning, supports students’ perceived competence 

(Burden & Kearny, 2016). When students record evidence (e.g. uploading pictures of plants) 

and reflect on their experiences in real authentic tasks (e.g. taking and uploading their notes 

in the class wiki) they enhance their perceived competence level. Furthermore, students in the 

control group were receiving face-to-face feedback from tutor. Experienced teachers can 

provide high quality feedback. However, this is not always possible due to large class sizes 

and class time restrictions. Students in the experimental group were receiving interactive on-

line feedback from their mobile devices. From this aspect, high quality on-line personalized 

feedback can potentially substitute insufficient or not timely given teacher feedback and 

therefore enhance students’ feelings of being capable and competent. Regarding perceived 

relatedness, students in the control group communicated and collaborated in a face-to-face 

mode. Face-to-face communication is of great importance and value. However, classroom 

management cannot always effectively support classroom communication due to timing 
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restrictions. Students in the experimental group communicated online using also their mobile 

devices and they self-reported higher level of relatedness compared to the control group. This 

is not due to the fact that online communication is better but rather due to the fact that quality 

face-to-face communication was not always feasible during the limited duration of the 

assessment.   

A number of positive consequences stem from the utilization of the proposed 

framework. The framework provides a conceptual link between mobile learning and Self-

Determination Theory. Therefore, it can contribute to the pedagogical integration of mobile 

devices into learning and assessment by aligning the unique affordances of mobile learning 

with appropriate assessments or activities (Laurillard, 2007).  The framework offers to 

educators and researchers, methodologies needed to design and develop more motivating and 

engaging MBA activities. Also, students can experience more motivating mobile learning and 

assessment activities. Considering the lack of students’ interest towards Science Technology 

Engineering and Mathematics (STEM) subjects and careers (Kearney, 2016), the current 

framework can help to design more motivating science courses related to authentic settings.  

Among the limitations of the current study is its small sample size. We are planning to 

employ the proposed framework in larger, more diverse samples and in different contexts e.g. 

higher education and work-based learning. Also, it would be interesting to further evaluate 

the framework considering its other features that have not been currently investigated, e.g. 

higher levels of personalized learning, other sensing technologies (e.g. light, sound sensors, 

RFID, geolocation, wearables), game-based assessment, virtual and augmented reality.  

Research provides evidence that autonomy supportive environments improve not only 

students’ motivation but their performance as well (Wang, Ng, Liu, &  Ryan, 2015). 

Therefore, it would be interesting to investigate the impact of the proposed motivational 

framework on student learning performance. 
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The proposed Mobile-Based Assessment Motivation Framework (MBAMF) 

integrates current learning pedagogical trends that promote the acquisition of 21st century 

learning skills. User generated content empowers learners as creators and promotes active 

and competency-based leaning. Context-awareness facilitates contextualized learning outside 

the classroom boundaries, anytime and anywhere, in formal or informal settings, introducing 

a more flexible and dynamic learning mode. Communication and collaboration facilitates 

peer learning and assessment and supports the social dimension of learning. Engaging 

students in more motivating assessments can trigger and sustain a lifelong motivation for 

leaning.  
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PPAARRTT  FFIIVVEE  ––  IInntteeggrraattiinngg  SSDDTT  iinn  TTAAMM  ffoorr  MMoobbiillee--BBaasseedd  AAsssseessssmmeenntt  

Chapter 10: Towards a combined model of TAM and SDT for MBA 

10.1 Acceptance of MBA from the perspective of  SDT 

10.1.1 Introduction 

Mobile learning is a relatively new field in education. The increasing and diverse 

functionalities that mobile devices offer, their low cost and widespread availability among 

students as well as the advances in wireless technologies are the primary drivers for mobile 

learning (UNESCO, 2012). Mobile technologies can facilitate learning “anytime and 

anyplace”, offering a continuous learning experience that is personal, situated and contextual 

(Traxler, 2007). All educational processes, including assessment, can be facilitated even 

revitalized through mobile technologies. Different assessment practices can be implemented 

with the use of mobile devices: adaptive, dynamic, location-aware, context-aware, 

collaborative, self- and peer-assessment even mobile game-based assessment (Nikou & 

Economides, 2013b). Mobile assessment can unfold its full potential when it is administered 

in authentic learning environments, such as parks, museums or other sites, outside the physical 

boundaries of a classroom or a lecture hall. However, mobile assessment can also take place 

inside the boundaries of a classroom or a large lecture class. Students can use their own 

mobile devices (BYOD - “Bring Your Own Device”) to access class material and answer 

teacher questions (e.g. classroom response systems). This practice eliminates the need for 

desktop computers facilitating the implementation of the one-to-one initiative. It promotes the 

interactivity among teacher and students and enhances student participation and engagement 

(Fies & Marshall, 2006). Although mobile technologies offer new potentials in learning and 

assessment, success is not guaranteed by itself. The effective implementation of any 

Information Technology (IT) system depends on user acceptance.  
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Mobile assessment is a new delivery mode of assessment that offers ubiquitous access 

to testing material “anytime and anyplace”. Due to its mobile features, it has the potential to 

complement and enhance other assessment delivery modes i.e. paper-and-pencil based or 

computer-based. There are numerous studies examining the acceptance of computer based 

assessment (Terzis, Moridis & Economides, 2012; Terzis & Economides, 2011). Also, the 

research for the investigation of the acceptance of mobile learning is still evolving (Aish & 

Love, 2013; Park, Nam & Cha, 2012; Wang, Wu, & Wang, 2009). However, as explained in 

previous chapters, there is a gap in the literature regarding Mobile-Based Assessment (MBA) 

acceptance. In order for mobile-based assessment to be successfully implemented from 

educational institutions, investigating its adoption from students is an essential issue.  

As explained in section 2.1., Technology Acceptance Model (TAM) (Davis, 1989) is 

one major model in the field of IT acceptance. Since its first introduction, many external 

variables have been added to TAM in order to explain the acceptance and intention to use IT 

systems.  Motivation, the driving force towards an action, is a variable that has been found to 

have a sound impact on behavioral intention to ICT usage (Davis, Bagozzi, & Warshaw, 1989; 

Miltiadou & Savenye, 2003).  

Also, as it has been explained in previous chapters, Self-Determination Theory of 

motivation along with the Technology Acceptance Model has already been used to explain the 

relation between motivation and intention to continue use e-learning. Roca and Gagne (2008) 

complemented TAM with SDT to understand e-learning continuance intention in a work 

setting from the student perspective. Sorebo et al. (2009) examined the effects of the SDT 

constructs on teachers’ intention to continue use on-site courses. The present study builds on 

the above two theoretical frameworks i.e. SDT and TAM, focusing on students’ Attitudes 
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Towards the Use of mobile-based assessment.  It utilizes self-determination theory of 

motivation to investigate the underlying motivational factors that trigger the TAM constructs 

(PU, PEOU, ATU) towards students’ Behavioral Intention to Use mobile-based assessment. 

Its aim is to explain and predict motivational factors towards mobile assessment system 

adoption form the SDT perspective. 

10.1.2 Research Model and hypotheses 

Our model is based on SDT and TAM and proposes that perceived autonomy, 

perceived competence and perceived relatedness have a positive effect on perceived 

usefulness, perceived ease of use and attitudes towards usage mobile based assessment, 

which in turn have a positive effect on behavioral intention to use MBA. (Fig. 10.1.1) 

 

 

                 Figure 10.1.1 Conceptual model 

Previous research in the context of mobile learning acceptance has shown significant 

relationships among PEOU, PU and ATU towards BIU (Park, Nam, & Cha, 2012; Iqbal & 

Qureshi, 2012). The same holds for computer based assessment acceptance (Terzis & 

Economides, 2011; Terzis, Moridis, & Economides, 2012). Therefore, in our model about 

mobile based assessment we propose the following hypotheses: 

Hypothesis 1: Perceived Usefulness (PU) will have a positive effect on ATU (H11) 

and BIU (H12). 
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Hypothesis 2: Perceived Ease of Use (PEOU) will have a positive effect on PU (H21), 

ATU (H22) and BIU (H23). 

Students in mobile learning may require which learning activities they wish to engage 

in. They also have a strong sense of device ownership that may be transformed to learning 

ownership. Students’ control over their own goals and the sense of ownership they 

experience, are among motivating factors in the context of mobile learning (Jones & Issroff, 

2007). The self regulation that students and test-takers experience in the context of mobile 

learning and assessment can be conceptualized as autonomy. Students may be able to initiate 

and perform the assessment procedure anytime and anyplace they want, transforming even 

external regulations (teacher generated assessments) into self-regulation. In line with Self-

Determination Theory we predict that: 

Hypothesis 3: Perceived Autonomy (A) will have a positive effect on PU (H31), PEOU 

(H32) and ATU (H33). 

In the Information Systems domain, Perceived Relatedness can be considered as a 

form of social influence (subjective norm). Previous technology acceptance studies have 

found associations between social influence and other system acceptance constructs 

(Venkatesh, Morris, Davis, & Davis, 2003). We hypothesize: 

Hypothesis 4: Perceived Relatedness (R) will have a positive effect on PU (H41), PEOU 

(H42) and ATU (H43). 

Previous studies have shown connection between computer self-efficacy and 

perceived usefulness and ease of use (Agarwal, Sambamurthy, & Stair, 2000; Chau, 2001).  

The reported level of self-efficacy in our study was high enough. The perceived competence 

level influences students’ motivation to participate in the MBA, therefore we hypothesize: 

Hypothesis 5: Perceived Competency (C) will have a positive effect on PU (H51), PEOU 

(H52) and ATU (H53). 
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10.1.3 Methodology 

The participants in this study were 167 first-year undergraduate students, enrolled in 

an introductory informatics course, in the Department of Economic Sciences of a European 

University. There were 91 males (54%) and 76 females (46%). The average age of students 

was 18.6 (SD = 1.04). The median mobile self-efficacy score was 70 on a scale of 100, 

indicating that students were confident enough to use their mobile devices in the assessment. 

The questionnaire was adopted from Kenny et al. (2012). The use of the MBA was voluntary.  

The mobile devices used were wi-fi enabled smartphones (79% Android, 15% iOS  

5%, Windows Phone and 1% other). The 30 min duration mobile-based assessment consisted 

of 30 multiple choice questions with four possible answers each. The student had to click on 

the right answer for each question and move on to the next page. The interface was kept as 

simple as possible to avoid possible destructions. 

In order to examine the seven latent constructs of our proposed model, we employed a 

measurement instrument consisted of 21 items adopted from previous studies about 

acceptance and motivation. For Perceived Usefulness, Perceived ease of Use, Attitudes 

Towards Using and Behavioral Intention to Use we used items from (Davis, 1989).  For 

Perceived Autonomy, Perceived Relatedness and Perceived Competency we adopted items 

from (Roca & Gagne, 2008; Sorebo et al. 2009) appropriately modified for the current 

context of mobile-based assessment. All items were measured on a seven point Likert-type 

scale with 1 corresponding to “strongly disagree” and 7 to “strongly agree”.  

10.1.4 Data analysis and Results  

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle, Wende, & Will, 2005) was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption.   
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Table 10.1.1 along with descriptive statistics, reports the quality of the measurement 

model with  factor loading of each item measure (> 0.7), Cronbach a (> 0.7) and composite 

reliability of each construct (> 0.7) as well as average variance extracted (AVE > 0.5), 

confirming convergent validity. 

Table 10.1.1 Convergent validity of the model 

Construct 

Item 

Mean (SD) Factor 

Loading 

(>0.7) a 

Cronbach a 

(>0.7) a 

Composite 

Reliability 

(>0.7)a 

AVE 

(>0.5)a 

A 5.90 (1.57)  0.858 0.913 0.779 

A1  0.749    

A2  0.886    

A3  0.831    

BIU 5.74 (1.61)  0.918 0.961 0.925 

BIU1  0.755    

BIU2  0.780    

BIU3  0.992    

C 5.40 (1.40)  0.828 0.920 0.858 

C1  0.793    

C2  0.824    

C3  0.701    

ATU 4.83 (1.04)  0.958 0.973 0.923 

ATU1  0.957    

ATU2  0.920    

ATU3  0.932    

PEOU 5.19 (1.57)  0.898 0.933 0.823 

PEOU1  0.898    

PEOU2  0.920    

PEOU3  0.906    

PU 5.14 (1.22)  0.714 0.793 0.563 

PU1  0.702    

PU2  0.869    
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PU3  0.880    

R 5.45 (1.29)  0.754 0.817 0.602 

R1  0.934    

R2  0.930    

R3  0.711    

a. Indicates an acceptable level of reliability and validity 
 

Table 10.1.2 reports the square root of the average variance extracted of each construct (the 

diagonal elements) to be higher than any correlations with another construct, verifying 

discriminant validity. 

Table 10.1.2 Discriminant validity of the model 

Bold values: the square root of the average variance extracted (AVE) of each construct.  

We found support for eleven out of fifteen hypotheses in our proposed model. Table 10.1.3 

shows the hypothesis testing results. 

Table 10.1.3. Hypothesis testing results     

Hypothesis Path Path coefficient t statistics support 

H33 A -> ATU 0.149 ** 1.981 yes 

H32 A -> PEOU 0.282 ** 2.345 yes 

Construct A BIU C ATU PEOU PU R 

A 0.88       

BIU 0.51 0.96      

C 0.68 0.39 0.92     

ATU 0.56 0.88 0.44 0.96    

PEOU 0.50 0.65 0.47 0.62 0.91   

PU 0.42 0.65 0.23 0.60 0.63 0.75  

R 0.46 0.50 0.37 0.43 0.42 0.43 0.78 
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H31 A -> PU 0.213 *** 2.574 yes 

H43 R -> ATU 0.211 *** 2.768 yes 

H42 R -> PEOU 0.216 ** 2.238 yes 

H41 R -> PU 0.195 *** 2.754 yes 

H53 C -> ATU 0.061 0.861 no 

H52 C -> PEOU 0.195 1.786 no 

H51 C -> PU 0.195 ** 2.531 yes 

H10 ATU -> BIU 0.756 *** 3.319 yes 

H12 PU -> BIU 0.083 1.314 no 

H11 PU -> ATU 0.432 *** 5.428 yes 

H23 PEOU -> BIU 0.128 ** 2.459 yes 

H22 PEOU -> ATU 0.129 1.518 no 

H21 PEOU -> PU 0.553 *** 7.344 yes 

*p<0.1, **p<0.05,***p<0.01.  

Our findings suggest: 

• Attitudes towards use is attributed to Perceived Autonomy, Perceived Relatedness and 

Perceived Usefulness. 

• Perceived Usefulness is attributed to Perceived Autonomy, Perceived Relatedness, 

Perceived Competency and Perceived Ease of Use. 

• Perceived Ease of Use is attributed to Perceived Autonomy and Perceived Relatedness. 

• Behavioral Intention to use is attributed to Attitudes towards use and Perceived Ease of 

Use. 

Figure 10.1.2 summarizes the structural model results along with the path coefficients 

shown above each path and the R2 values.  
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                        Figure 10.1.2. Results of the structural model: TAM extended with SDT 

 

The calculated R2 values and the significance of the path coefficients as well as the t-

values and total effects calculated with a bootstrapping procedure are the criteria used to 

assess our structural model and its hypotheses. 

The model explains about 82% (R2 =0.817) of the variance in Behavioral Intention to 

Use. The study demonstrated that students have a strong Behavioral Intention to Use the 

mobile-based assessment. The total effects of ATU (0.756), PEOU (0.452), PU (0.409), A 

(0.282), C (0.189) and R (0.288) on BIOU are adequately strong to explain the Behavioral 

Intention to Use. Furthermore, PU (0.432), R (0.374), PEOU (0.368), C (0.171) and A 

(0.348) explain 61% (R2=0.612) of the variance in Attitudes towards Usage. Also, A (0.320), 

PEOU (0.553), C (0.324) and R (0.314) explain 49% (R2=0.493) of the variance in Perceive 

Usefulness. Finally, C (0.195), A (0. 282) and R (0.216) explain 34% (R2=0.343) of the 

variance in Perceived Ease of Use. 
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10.1.5 Discussion conclusions  

Previous studies have successfully applied the TAM model in the context of e-

learning and m-learning. This is the first study investigating the factors that influence the 

behavioral intention to use a mobile-based assessment from the combined perspective of Self-

Determination Theory of Motivation and the Technology Acceptance Model.  

We have found that two of the Self-Determination Theory constructs, namely 

Perceived Autonomy and Perceived Relatedness along with Perceived Usefulness from TAM 

are important in explaining students’ Attitudes Towards Using the mobile-based assessment. 

Autonomy and Relatedness have a positive impact on Perceived Ease of Use also. In the 

present study, Competency has not been found to significantly affect neither Attitudes 

towards Use nor Perceived Ease of Use. However all three SDT variables plus Perceived 

Ease of Use significantly influence Perceived Usefulness. Finally, Attitudes Towards Use and 

Perceived Ease of Use significantly affect Behavioral Intention to Use MBA, which is in 

accordance with previous technology acceptance research.  

The implications are that when students’ basic psychological needs are satisfied, then 

their level of motivation to use mobile-based assessment increases. When student autonomy 

and self-regulation is supported and there is a positive social influence, students feel more 

motivated to participate in the MBA. They also consider MBA an easier and useful task. 

Practitioners should take this into consideration when they design and implement mobile-

based assessments. 

Mobile-based assessment offers a promising (complementary to paper-based and 

computer-based) assessment delivery mode that can be implemented either inside classroom 

boundaries or “on the go”. The satisfaction of the basic psychological needs that mobile-

based assessment offers is a motivating factor to accept and use the system.  By explaining 
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MBA acceptance from the SDT perspective, we could improve MBA by adapting it to the 

student specific motivational needs. Policy makers, education administration and educators 

should design and implement more motivating assessments. More motivating examinees may 

exhibit better learning achievements. 

Since the present study is a first attempt for the development of a MBA acceptance, it 

has some limitations. In our future research, as explained in the next chapters, additional 

variables (capturing other mobile learning features) will be added to a more comprehensive 

acceptance model. Also, different group of students (major, culture, age) will be used for the 

investigation of the MBA acceptance.  
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10.2 A model for MBA adoption based on SDT  

10.2.1 Introduction 

Mobile devices have the ability to deliver learning content and examinations 

“anywhere” and “anytime”, crossing the boundaries of a traditional classroom. A variety of 

assessment types e.g. self-assessment, peer-assessment, adaptive, context-aware, game-based 

assessment can be implemented using mobile devices (Nikou & Economides, 2013b).  

Mobile-Based assessment (MBA) can either be part of a pure mobilized curriculum or 

part of a blended approach where mobile learning complements traditional learning or web-

based learning strategies. Furthermore, mobile-based assessment can be used both in formal 

settings (where learning takes place in schools or universities) and informal or semiformal 

settings (where learning may take place in museums, science centers, field trips, etc). 

Considering the wide spectrum of the possible educational settings and application areas 

where mobile-based assessment can be applied and in order to implement it successfully, it is 

important to investigate its user adoption. While there are numerous studies examining the 

acceptance of computer-based assessment (Terzis & Economides, 2013; Terzis, Moridis, 

Economides, & Rebolledo-Mendez, 2013; Terzis & Economides, 2011) and the acceptance of 

mobile learning (Aish & Love, 2013; Park, Nam & Cha 2012), the issue regarding how to 

understand and promote learners’ acceptance of mobile-based assessment needs further 

investigation.  

Technology Acceptance Model (TAM) is a valid and well-established model that 

addresses the issue of how users accept and use a technology (Davis, 1989). However, some 

researchers (van der Heijden, 2004) claim that the predictive power of TAM is limited to 

utilitarian systems (productivity oriented) because it primarily concerns with extrinsic 

motivations (perceived usefulness) while intrinsic motivations (conceptualized as perceived 
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enjoyment) are usually underestimated. Mobile-based assessments not only have a utilitarian 

nature (e.g. “I need to get a good grade in the test in order to pass the course”) but a 

hedonistic as well (e.g. “I like to use mobiles to take the test whenever and wherever I 

prefer”). We claim that in order to understand students’ intention to adopt mobile-based 

assessment we should examine the issue from a motivational perspective as well. As 

explained previously, Self-Determination Theory (SDT) of Motivation is an appropriate 

framework for addressing motivation in an online learning environments (Roca & Gagne, 

2008; Sorebo et al. 2009; Chen & Jang, 2010). SDT has been already presented in sections 

2.2 and 9.2. SDT argues that a basic set of psychological needs (autonomy, competence and 

relatedness must be satisfied in order to enhance intrinsic motivation. Researchers have found 

that autonomous motivation predicted perceived usefulness and perceived ease of use more 

strongly than external regulation (Malhotra, Galletta, & Kirsch, 2008).  

10.2.2 Research model and hypotheses 

 The present study employs perceived autonomy, perceived relatedness and perceived 

competency from Self-Determination Theory of Motivation in order to explain and predict 

attitudes toward using and subsequently intention to adopt mobile-based assessment. 

According to our research model, the basic psychological needs of autonomy, relatedness and 

competency positively influence students’ attitudes about using mobile devices during test 

taking procedures. Subsequently, attitudes toward using mobiles in assessment positively 

influence students’ intention to adopt mobile-based assessment.  

Attitude is the degree to which the user is interested in specific systems, and plays an 

important role in affecting behavioral intention to use an e-learning system especially in 

volitional situations such as students’ voluntary adoption of technology (Saadé, & Galloway, 

2005).  
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In the context of mobile-based assessment, we propose the following hypothesis:  

 Hypothesis 1: Test-takers’ attitude towards using (ATU) mobiles during assessment 

has a positive influence on their intention to use (ITU) m-assessment.  

Autonomy refers to the human need of self-initiate and self-regulate own behavior. Mobile 

devices offer students a control over their own learning (Jones & Issroff, 2007) and the ability 

to engage in learning tasks (e.g. assessments) according to their own individual contextual 

(anywhere) or temporal (anytime) preferences or needs (Hwang, & Chang, 2011).  

Thus, we propose the following hypothesis: 

 Hypothesis 2: Test-takers’ perceived autonomy (A) during m-assessment has a 

positive influence on their attitude towards using (ATU) mobile devices in assessment. 

Relatedness refers to the human need to be related and affiliated to others. Mobile devices 

enable rich social interactions by allowing users to collaborate and share information during 

learning activities (Huang, Yang, Huang, & Hsiao, 2010) such as formative or peer 

assessments.  

Thus, we propose the following hypothesis: 

Hypothesis 3: Test-takers’ perceived relatedness (R) during m-assessment has a 

positive influence on their attitude towards (ATU) using mobile devices in assessment. 

Competency refers to the human need to feel effective in attaining valued outcomes. It 

can be built upon the concept of efficacy expectations from Bandura (1977). Most high 

school and university students have a profound convenience in utilizing mobile devices to 

perform activities such as web browsing or using mobile applications. Theng (2009) found 

that students with high mobile self-efficacy are more likely to treat mobile learning as 

requiring less effort and being easier to use. Learning activities such as participating in 
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mobile-based assessment may be perceived as a stimulating and pleasant experience and 

students are more likely to prefer using mobile devices in assessments.  

We propose the following hypothesis:  

Hypothesis 4: Test-takers’ perceived competency (C) during m-assessment has a 

positive influence on their attitude towards using (ATU) mobile devices in assessment.  

The research model and all the hypotheses proposed in our model are depicted in Figure 1. 

 

Figure 10.2.1 The proposed model. 

 

10.2.3  Methodology 

Participants  

The participants in this study were 72 fourth-year medical students, enrolled in a 

Pathology course in the fall semester of academic year 2013-2014, in a Greek University, 

School of Medicine. There were 34 males (47%) and 38 females (53%). The average age of 

students was 22.6 (SD = 0.98). The median mobile self-efficacy score was 81 on a scale of 

100, indicating that students were confident enough to use their mobile devices in the 

assessment.  The questionnaire adopted from Kenny et al. (2012).  
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Procedure 

The participation in the assessment was voluntary. The mobile devices used were wi-

fi enabled smartphones (65% Android, 25% iOS,  8% Windows Phone and 2% other). The 

“low-stake” mobile-based assessment conducted after the lecture and the patient examination 

procedure in order to check students’ knowledge and understanding for the subject taught. 

There were 15 multiple choice questions with four possible answers each. For each question, 

students had to click on the right answer and to move on to the next screen. Students received 

feedback about the correctness of their responses. The duration of the assessment was 15 

minutes. The interface of the mobile application was kept simple to avoid possible 

destructions. After the assessment, students were asked to participate in a survey 

questionnaire, self-reporting their attitudes about the assessment procedure. 

Instrument  

In order to evaluate the perceived autonomy, relatedness and competency during the 

mobile-based assessment procedure, as well as the attitudes towards use and intention to 

adopt m-assessment, we have constructed a research instrument based on previous 

established questionnaires that were used and validated by other researchers. To assess 

students’ perceived Autonomy (A) support we have used five (5) items from Sorebo et al. 

(2009). For perceived Relatedness (R) we used three (3) items from (Roca & Gagne, 2008) 

and for perceived competency (C) we used five (5) items from the Intrinsic Motivation 

Inventory (IMI) (McAuley, Duncan, & Tammen, 1989).  To assess Attitudes Towards Use 

(ATU) and Intention to Use (ITU) we employed six (6) items from (Davis, 1989). Minor 

wording modifications of the items were made in order for them to describe the current 

research context (mobile-based assessment), i.e. the item “I intend to use e-learning in the 

future” was substituted by the item “I intend to use mobile devices for assessment in the 

future”.  The initial development of the questionnaire was made in English and then a native 
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bilingual speaker translated it into the Greek language. All items were measured using 7-

point Likert scales ranging from 1 (strongly disagree) to 7 (strongly agree). 

10.2.4 Data analysis and Results 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle, Wende, & Will, 2005) was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption.  Our sample size exceeds the recommended value of 30 (10 times the largest 

number of independent variables impacting a depended variable). 

Convergent and discriminant validity of the proposed research model need to be verified in 

order to ensure the quality of the model. Convergent validity is evaluated based on the 

following three criteria: (1) all the indicators factor loadings should exceed 0.7, (2) composite 

reliability of each construct should exceed 0.7 and (3) the average variance extracted (AVE) 

by each construct should exceed the variance due to measurement error for that construct 

(AVE > 0.5). As table 10.2.1 shows, all criteria for convergent validity are satisfied: all factor 

loadings on their relative construct exceed 0.7 and all AVE values range from 0.758 to 0.896 

(AVE > 0.5)   Discriminant validity is supported when the square root of the average variance 

extracted (AVE) of a construct is higher than any correlation with another construct. As table 

10.2.2 shows, all AVE square root values are greater than the intercorrelation values between 

constructs. Thus, both convergent and discriminant validity for the proposed research model 

are verified.  

Figure 10.2.2 summarizes the structural model results along with the path coefficients 

shown above each path and the R2 values. 

 

 



203 
 

 Table 10.2.1 Convergent  validity of the model 

Construct 
Items Mean (SD) 

Factor 
Loading 

 
Cronbach a Composite 

Reliability AVE 

A 5.98 (0.97)  0.897 0.915 0.896 
A1  0.957    
A2  0.920    
A3  0.932    
A4  0.876    
A5  0.799    
C 5.76 (1.21)  0.946 0.956 0.798 
C1  0.855    
C2  0.780    
C3  0.992    
C4  0.799    
C5  0.802    
R 5.10 (1.30)  0.821 0.943 0.758 
R1  0.795    
R2  0.760    
R3  0.711    
ATU 6.24 (0.95)  0.923 0.951 0.887 
ATU1  0.957    
ATU2  0.920    
ATU3  0.932    
ITU 6.11(1.12)  0.940 0.923 0.823 
ITU1  0.920    
ITU2  0.895    
ITU3  0.810    

A: Autonomy, R: Relatedness, C: Competency, ATU: Attitude towards Use, ITU:  Intention to Use MBA 
 
Table 10.2.2 Discriminant  validity of the model 
Bold values: the square root of the average variance extracted (AVE) of each construct. 

 

Construct A R C ATU ITU 

A 0.812     

R 0.531 0.944    

C 0.553 0.423  0.912   

ATU 0.560 0.497 0.546 0.961  

ITU 0.521 0.652 0.477 0.522 0.901 
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Figure 10.2.2 Results of the structural model 

10.2.5 Discussions and Conclusions  
Investigating mobile-based assessment acceptance from a motivational perspective is 

important since users are more willing to use Information Technology when motivational 

enablers are supported (Roca & Gagne, 2008). Therefore, predicting and explaining its 

adoption from a motivational perspective can be useful for educators and stakeholders in 

order to design and implement motivational mobile-based assessments.  

While there are numerous studies investigating the acceptance and intention to use of 

mobile learning (Yong, Han, & Li, 2010) and computer-based assessment (Terzis & 

Economides, 2013; Terzis, Moridis, Economides, & Rebolledo-Mendez, 2013; Terzis & 

Economides, 2011), adoption of Mobile-Based Assessment (MBA) has not been extensively 

studied. The current study is one of the first in the line of research that examines the influence 

of Self-Determination Theory (SDT) of Motivation on MBA adoption. Its basic contribution 

is that it uses the constructs of perceived autonomy, perceived relatedness and perceived 

competency from Self-Determination Theory of Motivation in order to explain and predict 

attitudes toward using and intention to adopt mobile-based assessment. Secondarily, it 

provides further evidence for the validity of SDT in medical education (Kusurkar,  Ten Cate, 

van Asperen,  & Croiset, 2011).  

http://www.ncbi.nlm.nih.gov/pubmed?term=Kusurkar%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21517676�
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Asperen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21517676�
http://www.ncbi.nlm.nih.gov/pubmed?term=Croiset%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21517676�
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Students use a lot their mobile devices but they do not use them for educational 

activities even though they would like to. Educators and administrators may support and 

motivate students to use mobiles in education. Young people use their mobiles to play and 

communicate. Why not to use them in order to learn? Our findings indicate that autonomy, 

relatedness and competency, positively influence students’ attitudes about using mobile 

devices and intention to adopt mobile-based assessment. The perceived autonomy reported 

when a student takes a mobile-based test in the place and time of his/her preference, can be 

utilized as a motivational factor to enhance learning. Mobile “assessment pills” in the form of  

small-size quizzes can be delivered through mobiles to students in order to keep them 

engaged and motivated through their study. These “assessment pills”, appropriately designed, 

can also be adapted to the user context (Triantafillou, Georgiadou, & Economides, 2008). 

SDT studies have shown that when the context is autonomy supportive, people maintain their 

engagement in a behavior (Roca & Gagne, 2008). 

The perceived competence students report while taking a mobile-based test is in-line 

with their mobile self-efficacy. When perceived competency is supported, users believe that 

less effort is needed to perform an activity. Students are more likely to adopt something that 

they believe they can easily accomplish. Since students feel competent enough to use mobile 

devices, we can use mobiles as an alternative medium to deliver assessments. 

Finally, the perceived relatedness students report during mobile assessments is 

another motivational enabler. Students are more willing to participate in mobile polls and 

quizzes when they feel they are related and connected. It is the prevalent social networking 

features of mobile devices that have a positive influence on students’ perceived relatedness. 

Considering the construct of relatedness we can build mobile collaborative learning and peer-

assessment environments where knowledge can be shared among learners. 
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Mobile technologies offer innovative ways that enhance assessment. Appropriate 

theoretical frameworks need to be used as foundations to build mobile applications 

(Economides, 2008) and mobile learning strategies (Park, 2011). The present study is a step 

in this research. It complements our understanding of technology adoption of MBA, 

considering the satisfaction of the three basic psychological needs of autonomy, competency 

and relatedness. 

Further investigations, incorporating more variables in order to understand what 

motivates learners to adopt mobile-based assessments, follow in the next chapter.  
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Chapter 11: Mobile-Based Assessment: Integrating acceptance and motivational factors 

into a combined model of Self-Determination Theory and Technology Acceptance   

11.1  Introduction 

With the rapid growth of mobile technologies and the widespread adoption of BYOD 

policies, Mobile-Based Assessment (MBA) has started to emerge as another delivery mode of 

assessment - alternative and/or complementary to paper- or computer-based testing  (Johnson 

et al., 2016). MBA offers a number of benefits such as easier administration, time and 

location independence, ubiquity and context awareness, adaptivity, personalization and social 

interactivity. However, despite the important learning opportunities that MBA may provide, 

its successful development depends on user acceptance. The current study investigates 

acceptance and motivational factors that influence the acceptance of Mobile-Based 

Assessment. 

The study is based on the Self-Determination Theory (SDT) of Motivation (Deci & 

Ryan, 2002) and the Technology Acceptance Model (TAM) (Davis, 1989) and has two 

research objectives. The first objective is to build a model about the acceptance of mobile-

based assessment.  While many studies exist about mobile learning acceptance (Liu, Han, & 

Li, 2010; Park, Nam, & Cha, 2012), no study exists to investigate the acceptance of mobile-

based assessment. The current study explores students’ acceptance of mobile-based 

assessment introducing the following external variables:  educational content with feedback, 

students’ mobile device-self efficacy, interactivity and collaboration during the assessment 

process, and the ubiquity features of mobile device. The study examines the impact of these 

factors on the behavioral intention to use MBA. 

The second objective is to introduce motivational variables into technology 

acceptance. Researchers argue that in order to achieve a more inclusive approach to 

technology acceptance in educational contexts, there is a need to introduce motivational 
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variables into the technology acceptance models (Pedrotti & Nistor, 2016). The current study 

introduces into TAM, the SDT motivational variables of autonomy, competence and 

relatedness and examines their impact on perceived ease of use and perceived usefulness, 

predicting behavioral intention to use. While studies exist that relate SDT with information 

technology (Chen & Jang, 2010; Lee, Lee, & Hwang, 2015) and e-learning acceptance 

(Sørebø, Halvari, Gulli, & Kristiansen, 2009), to the best of our knowledge, no study exists to 

investigate mobile-based acceptance based on both TAM and SDT. Our study is aiming to 

propose a combined model of both acceptance and motivational factors towards the 

prediction of students’ behavioral intention to use mobile-based assessment.  

The current study uses the SDT motivation framework. SDT has been already 

successfully applied to education (Deci, Vallerand, Pelletier, & Ryan, 1991; Naeghel, Keer, 

Vansteenkiste,  Haerens, & Aelterman, 2016; Niemiec & Ryan, 2009) and on-line learning 

(Sørebø, Halvari, Gulli, & Kristiansen, 2009; Hartnett, 2015). Furthermore, a study by Lee, 

Lee and Hwang (2015) confirmed the significant relationship across Self-Determination 

Theory and Technology Acceptance. 

The chapter is organized as follows: the next section presents the proposed conceptual 

model with the hypotheses to be tested. Following that, the sections of methodology 

(participants, instruments and procedure) and the data analysis and results follow. 

Discussions and conclusions for the impact in education follow next along with the study 

limitations and future work. 
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11.2 Conceptual Framework and Hypotheses  

Based on the Self-Determination Theory of Motivation (SDT) (Deci, & Ryan, 1985) and  

the original Technology Acceptance Model (TAM) (Davis, 1989), the current study is aiming  

at providing a combined model of SDT and TAM in order to explain and predict Behavioral 

Intention to Use (BIU) Mobile-Based Assessment. For that purpose, we have developed the 

following hypotheses.   

Perceived Ubiquity Value (PUV) 

Ubiquitous learning is a new educational paradigm where context-aware mobile 

technologies are able to sense the situation of the learner and provide “anytime” and 

“anywhere” adaptive personalized learning (Hwang, Tsai, & Yang, 2008). Ubiquitous 

learning can support a wide range of context-aware, active, authentic, cooperative, adaptive, 

and personalized learning activities (Huang, Chiu, Liu, & Chen, 2011). The current study 

introduces the construct of Perceived Ubiquity Value (PUV) as the users’ perception of the 

value of the ubiquity of the mobile devices when these devices are being used in mobile-

based assessments. The seamless and ubiquitous “24/7” access to learning resources across 

different contexts offered by mobile devices fosters self-perceived autonomy (Milrad et al. 

2013). Based on previous research about meaningful ubiquitous learning (Huang, Chiu, Liu, 

& Chen, 2011), we define PUV to have three dimensions: active, authentic and personalized.  

The active and personalized learning provided in authentic contexts supports learning 

autonomy. Therefore, we hypothesize that: 

Hypothesis 1. Perceived Ubiquity Value (PUV) has a positive effect on perceived Autonomy 
(AUT). 

Content  (C)  

Previous studies have highlighted the importance of Content (C) in e-learning and 

user satisfaction (Shee & Wang, 2008). Terzis and Economides (2011) proposed that the 
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construct of Content is a significant factor towards the acceptance of computer-based testing. 

Content relates to the course content itself and the assessment questions also. When the 

content of both the course and assessment questions is optimally challenging, reasonable, 

appropriate and easily understood, students have a sense of learning autonomy and 

competence.  We hypothesize that Content may directly affect perceived autonomy and 

perceived competence:   

Hypothesis 2a. Content (C) has a positive effect on perceived Autonomy (AUT). 

Hypothesis 2b. Content (C) has a positive effect on perceived Competence (COMP). 

Perceived Feedback (F)  

Feedback, being cognitive, emotional or conative (Economides, 2009), has a strong 

impact on learners’ self-efficacy (Wang & Wu, 2008) and learning achievement (Hattie & 

Timperley, 2007). Emotional feedback has a strong influence on behavioral intention to use 

computer-based testing (Terzis, Moridis, & Economides, 2012). Cognitive feedback provided 

through classroom response systems has a significant effect on students’ learning outcomes 

(Hunsu, Adesope, & Bayly, 2016).  Previous research has shown that the provision of timely 

and immediate feedback enhances student perceived autonomy (Narciss et al., 2014). 

Appropriate feedback is one of the most effective ways to support students’ feelings of 

efficacy and perceived competence (Hartnett, 2015). Meaningful positive feedback enhances 

the feeling of competence (Hagger, Koch, & Chatzisarantis, 2015) and increases intrinsic 

motivation (Mumm & Mutlu, 2011; Burgers et al., 2015).The current study introduces 

perceived feedback as a construct in technology acceptance in the context of mobile-based 

assessment. We hypothesize that: 

Hypothesis 3a. Perceived Feedback (F) has a positive effect on perceived Autonomy (AUT). 

Hypothesis 3b. Perceived Feedback (F) has a positive effect on perceived Competence 

(COMP). 
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Mobile Self-Efficacy (MSE)  

Computer Self-Efficacy, defined as “an individual’s perceptions of his or her ability to 

use computers in the accomplishment of a task” (Compeau &  Higgins, 1995, p. 191) has 

been identified to play a significant role in the adoption of computer-based testing and 

assessment (Lu,  Hu, Gao, & Kinshuk, 2016; Terzis & Economides, 2011). Shih (2006) 

identified computer self-efficacy as a strong and positive antecedent of competence. 

Similarly, we define Mobile Self-Efficacy (MSE) as an individual’s perceptions of his or her 

ability to use mobile devices to accomplish particular tasks.  Relevant studies have shown 

that when students have more experience with mobile technology, they perceive mobile 

learning as easier to use requiring less effort (Chen, Chen & Yen 2011; Wang, Wu, & Wang, 

2009). Therefore we argue that students with higher level of mobile-self efficacy, feel more 

competent in using mobile devices in assessment activities. We hypothesize that: 

 
Hypothesis 4. Mobile Self-Efficacy (MSE) has a positive effect on perceived Competence 

(COMP). 

Perceived Interactivity (INT) 

Interactivity refers to those features of e-learning systems to facilitate the interactions 

among students, between students and instructors and among students, instructors and the e-

learning content. Interactivity plays an important role in online learning because it 

encourages active participation, assists in knowledge acquisition and develops critical 

thinking, problem solving and reflection (Muirhead & Juwah, 2004). The interactivity among 

students (online discussions and content sharing) and between instructors and students 

(feedback provided by teachers), as a result of using mobile devices for learning and 

assessment, facilitates the development of a community atmosphere (Muirhead, 2004) 

promoting perceived relatedness. Therefore we hypothesize that: 
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Hypothesis 5. Perceived Interactivity (INT) has a positive effect on perceived Relatedness 

(REL). 

Perceived Collaboration (COL) 

Collaboration in learning can be conceptualized as the process of sharing knowledge 

and experiences among peers in order to learn together. Collaborative learning provides many 

benefits such as student engagement, satisfaction and higher-order learning (Prince, 2004). 

Mobile technologies promote collaboration among learners by using mobile-based cloud 

services, standalone messaging applications or messaging services embedded in learning 

management systems. Collaboration in learning enhances the feeling of relatedness among 

students. We hypothesize that: 

 
Hypothesis 6. Collaboration (COL) has a positive effect on perceived Relatedness (REL). 

Perceived Autonomy (AUT) 

Research shows that learning autonomy is significantly related to m-learning adoption 

through perceived behavioral control (Cheon, Lee, Crooks, & Song, 2012). Learning 

autonomy also has been found to be a predictor of mobile learning acceptance (Liaw & 

Huang, 2011). Learning tasks that are perceived as autonomy supportive trigger higher 

intrinsic motivation (Standage, Duda, & Ntoumanis, 2006). According to Roca & Gagné 

(2008) perceived autonomy support increases both perceived usefulness (i.e. extrinsic 

motivation) and perceived playfulness (i.e. intrinsic motivation). Sorebo et al. (2009) also 

highlighted the positive impact of perceived autonomy support on   intrinsic motivation. 

When students feel autonomous in their learning they perceive learning as useful (monitor the 

quality of their own work) and easy (have control over the learning process with the mobile 

devices) (Cheon, Lee, Crooks, Song, 2012). We hypothesize that: 

 



213 
 

Hypothesis 7a. Perceived Autonomy (AUT) has a positive effect on Perceived Usefulness 

(PU). 

Hypothesis 7b. Perceived Autonomy (AUT) has a positive effect on Perceived Ease of Use 

(PEOU). 

Perceived Competence (COMP) 

Competence refers to the desire of students being effective when they participate in a 

learning activity. Research has shown that perceived competence has direct effects on pre-

service teachers’ perceived usefulness of an e-learning course (Teo, Lee, Chai, & Choy, 

2009). Also, perceived competence has direct effects on teachers’ perceived ease of use and 

intrinsic motivation towards an e-learning tool (Sorebo et al., 2009). Fostering students’ 

competence has a significant impact on motivation to use e-learning (Chen & Jang, 2010).  

According to Roca & Gagné (2008), competence support increases students’ perceived 

usefulness and perceived ease of use.  Based on the findings of previous research, we 

hypothesize for mobile-based assessment that:  

 
Hypothesis 8a. Perceived Competence (COMP) has a positive effect on Perceived Usefulness  

         (PU). 

Hypothesis 8b. Perceived Competence (COMP) has a positive effect on Perceived Ease of 

Use (PEOU). 

Perceived Relatedness (REL) 

Relatedness refers to feeling connected with peers. Research shows that perceived 

relatedness positively influences perceived playfulness (Roca & Gagné, 2008). There is a 

positive relation between relatedness and intrinsic motivation. Considering relatedness as a 

form of social influence (Roca & Gagné, 2008), students who feel related to important people 

perceive learning as being useful (Venkatesh & Davis, 2000). We argue that the feeling of 

relatedness among classmates increases students’ perceived ease of use of the learning 

activity.  We hypothesize, that:  
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Hypothesis 9a. Perceived Relatedness (REL) has a positive effect on Perceived Usefulness 

(PU). 

Hypothesis 9b. Perceived Relatedness (REL) has a positive effect on Perceived Ease of Use 

(PEOU). 

Perceived Ease of Use (PEOU) and Perceived Usefulness (PU) 

Technology acceptance literature (Davis, 1989) employs two basic constructs that 

strongly affect user behavior in using specific technologies: Perceived Ease of Use (PEOU) 

and Perceived Usefulness (PU). Users are more likely to use an information system when 

they feel that it is easy to use and useful. There is a large body of e-learning research 

supporting the former casual relationships among PEOU, PU and BIU (Sumak, Hericko, & 

Pusnik, 2011). The same holds in the context of mobile learning (Briz-Ponce, Pereira, 

Carvalho, Juanes-Méndez, & García-Peñalvo,  2016;  Liu, Li, & Carlsson, 2010; Mac 

Callum,  Jeffrey, & Kinshuk, 2014;  Park, Nam, & Cha,  2012) and computer-based 

assessment acceptance as well (Terzis & Economides, 2011). In-line with previous research, 

our model about mobile-based assessment proposes the following hypotheses:   

Hypothesis 10a: Perceived Ease of Use (PEOU) has a positive effect on Perceived Usefulness 
(PU).  

Hypothesis 10b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral Intention 
to Use (BIU). 

Hypothesis 11:   Perceived Usefulness (PU) has a positive effect on Behavioral Intention to 
Use (BIU).  

Based on the previous hypotheses, we have developed the model shown in Figure 11.1 to 

explain and predict the intention to use MBA. The external variables of Content and 

Feedback are grouped under the category of educational material; the interaction and 

collaboration are grouped under the method/process category, while mobile-self efficacy is a 

user profile characteristic and perceived ubiquity is a mobile device feature. 
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Fig. 11.1 The Research Model (MBA-MAM) 
11.3 Methodology 

Participants 

The participants were 140 students drawn from five classes from a senior-level high 

school in an urban area in Europe. Students were enrolled in an environmental course about 

biodiversity. All students taught by the same STEM instructor, an experienced science 

teacher. There were 65 males (46%) and 75 females (54%). The average age of students was 

16.7 (SD = 1.15). All students had had already used mobile devices either for 

communication, information searching and entertainment purposes or for self-study (access 

educational resources, etc). Students participated using smart phones (86%) and tablets 

(14%). Students were informed in advance about the research procedure; their participation 

was voluntarily and all the data were collected anonymously. Appropriate parental 
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permissions and school ethical approval for the participation were also requested and 

approved.  

 

Procedure 

The experimental procedure lasted for one week during spring 2016, in the context of 

a STEM course about biodiversity. During that period and in order to complement class 

instruction, students visited with their class instructor, in groups, the city’s Botanic garden. 

They participated in a two-hours learning and assessment activity, using mobile devices and 

QR-coding technology (Fig. 11.2) in order to navigate through the Botanic garden, observe 

the plants and answer a total of twenty multiple-choice type or short-answer type questions 

delivered to their mobiles.  The goal of the self-assessment was to support students to focus 

on and better learn about the plants’ special characteristics and properties. The day after the 

visit to the Botanic Garden an additional self-assessment with 10 multiple-choice questions 

was delivered to students’ mobile devices (for review) as a homework assignment. 

Questions of both assignments were developed by the class instructor. Questions were 

based on the text-book used in class and they were mostly text-based with image support. 

Figure 11.3 shows a sample question. After the submission of an answer, the mobile 

application provided students with a simple form of immediate feedback indicating 

correct/incorrect (e.g. “Correct! You did very well on this question!” or “Please try again! 

You can answer this question!”), along with a short explanation. The application was written 

using the jQuery mobile framework with server backend support. During the assessment 

activities, students could also exchange messages or files (e.g. photos of the plants), using 

mobile-based cloud services. After the completion of the two mobile-based self-assessments, 

students were asked to respond to a questionnaire, reporting their attitudes and perceptions 

about MBA.  
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                    Fig. 11.2 MBA in the field with QR           Fig. 11.3 Sample MBA question  

 

Instruments 

In order to develop the questionnaire used in our research, we adopted items from 

previously validated instruments. For the perceived autonomy (AUT), competence (COMP) 

and relatedness (REL) we adopted items from Basic Psychological Need Satisfaction (BPNS) 

Questionnaire (Baard, Deci, & Ryan, 2004; Deci & Ryan, 2002) and the Intrinsic Motivation 

Inventory (IMI) Questionnaire (McAuley et al. 1989). BPNS assesses   the degree to which 

people feel satisfaction of the basic SDT psychological needs. IMI assesses participants’ 

subjective experience related to intrinsic motivation and self-regulation.  A total of 12 

question items were used to assess these motivational needs. The   three basic needs 

satisfaction factors had good internal reliabilities (alpha values were 0.81, 0.78 and 0.88 for 

autonomy, competence and relatedness respectively).  

Regarding the TAM variables for Perceived Usefulness (PU), Perceived Ease of Use 

(PEOU) and Behavioral Intention to Use (BIU), we have adopted items from Venkatesh, 

Morris, Davis and Davis (2003). A total of nine (9) question items were used to assess TAM 

variables. 
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For the Mobile device Self-Efficacy (MSE), we adopted items from Compeau, 

Higgins and Huff (1999), properly modified for the context of mobile-based assessment. For 

the perceived Interactivity (INT) we adopted items from Blasco-Arcas, Buil, Hernandez-

Ortega and Sese (2013) that refer to the interactions among peers and the interactions 

between peers and teacher. For perceived Collaboration (COL) we adopted items from So 

and Brush (2008) and Huang, Chiu, Liu and Chen (2011) that refer to the students’ 

collaborative learning experience. For the Content (C) we adopted items from Terzis and 

Economides (2011). For perceived Feedback (F) we have developed an instrument consisting 

of four items referring to immediate feedback with knowledge of correct response. The 

internal consistency of the instrument (Cronbach’s a) was 0.85. For the Perceived Ubiquity 

Value (PUV) of the mobile devices we developed an instrument consisting of four items that 

refer to the dimensions of activity, authenticity, cooperativeness and adaptivity (Huang, Chiu, 

Liu, & Chen, 2011).  The internal consistency of the instrument (Cronbach’s a) was 0.85. 

The questionnaire was first developed in English and then translated into the native 

language of the students. The translation was made by certified translators to ensure linguistic 

equivalence. Items for all the above constructs were answered on a 7-point scale (1 = strongly 

disagree to 7 = strongly agree). The questionnaire used is shown in Appendix E.  

11.4  Data Analysis and Results 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle,  Wende, & Will, 2005)  was 

used as the analysis technique to predict factors influencing mobile-based assessment 

adoption.  Our sample size exceeds the recommended value of 50 e.g.10 times the largest 

number of independent variables impacting a depended variable (Chin, 1998). 
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 Instrument validation  

Convergent and discriminant validity of the proposed research model are verified in 

order to ensure the quality of the model. All criteria for convergent validity are satisfied: all 

factor loadings on their relative construct exceed 0.70, composite reliability of each construct 

exceed 0.70 and all average variance extracted (AVE) values range from 0.596 to 0.773(AVE 

> 0.50) exceeding the variance due to measurement error for that construct (Table 11.1). 

Discriminant validity is also supported since the square root of the average variance extracted 

(AVE) of a construct is higher than any correlation with another construct (Table 11.2).  

Table 11.1 Descriptive statistics and results for convergent validity for the measurement model (acceptable 
threshold values in brackets)  

Construct Items Mean (SD) 
Factor 

Loading 
(>0.70) 

Cronbach’s a 
(>0.70) 

Composite 
Reliability 

(>0.70) 

Average 
Variance 
Extracted 
(>0.50) 

Perceived Ubiquity 
Value 

5.24 (1.06)  0.811 0.875 0.637 

PUV1  0.780    
PUV2  0.821    
PUV3  0.817    
PUV4  0.774    
Content 4.95 (1.24)  0.803 0.883 0.717 
C1  0.851    
C2  0.884    
C3  0.803    
Mobile  
Self-Efficacy 

4.66 (1.39)  0.850 0.897 0.688 

MSE1  0.886    
MSE2  0.776    
MSE3  0.834    
MSE4  0.818    
Perceived Feedback 4.62 (1.11)  0.777 0.856 0.599 
F1  0.739    
F2  0.873    
F3  0.733    
F4  0.742    
Perceived Interactivity 5.21 (1.12)  0.791 0.864 0.615 
I1  0.822    
I2  0.800    
I3  0.774    
I4  0.738    
Perceived Collabor. 3.78 (1.91)  0.774 0.855 0.596 
Col1  0.753    
Col2  0.759    



220 
 

Col3  0.837    
Col4  0.735    
Perceived Autonomy 4.78 (1.14)  0.792 0.865 0.618 
AUT1  0.701    
AUT2  0.767    
AUT3  0.790    
AUT4  0.880    
Perceived Competence 4.84 (1.17)  0.828 0.886 0.660 
COMP1  0.844    
COMP2  0.805    
COMP3  0.769    
COMP4  0.830    
Perceived Relatedness 4.62 (1.39)  0.761 0.852 0.600 
R1  0.802    
R2  0.861    
R3  0.874    
R4  0.701    
Perceived Usefulness 5.09 (1.28)  0.851 0.910 0.773 
PU1  0.813    
PU2  0.862    
PU3  0.956    
Perceived Ease 
of Use 

3.95 (1.26)  0.730 0.846 0.647 

PEOU1  0.803    
PEOU2  0.763    
PEOU3  0.854    
Behavioural  
Intention to Use 

4.80 (1.25)  0.724 0.845 0.645 

BIU1  0.811    
BIU2  0.812    
BIU3  0.787    

 

Table  11.2.  Discriminant validity for the measurement model (values in bold: the square root of the 
average variance extracted for each construct)   

 

          AUT     BIU       C F 
   

COMP COL INT 
    

MSE 
   

PEOU 
     

PU 
    

PUV 
    

REL 

AUT 0.786                                                                                         

BIU 0.654 0.803                                                                                 

C 0.724 0.755 0.847                                                                         

F 0.700 0.730 0.703 0.774                                                                 

COMP 0.629 0.622 0.561 0.552 0.813                                                         

COL 0.626 0.601 0.589 0.581 0.644 0.772                                                 

INT 0.405 0.584 0.755 0.549 0.704 0.557 0.784                                         

MSE 0.436 0.749 0.721 0.523 0.528 0.660 0.547 0.829                                 

PEOU 0.642 0.600 0.604 0.423 0.659 0.664 0.574 0.653 0.805                         

PU 0.687 0.657 0.646 0.673 0.655 0.577 0.611 0.604 0.577 0.879                 

PUV 0.645 0.638 0.558 0.732 0.698 0.504 0.484 0.695 0.526 0.681 0.798         

REL 0.697 0.706 0.670 0.713 0.742 0.655 0.476 0.544 0.636 0.609 0.657 0.775 
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 PEOU - Perceived Ease of Use , PU - Perceived Usefulness , BIU - Behavioural Intention to Use , MSE - 
Mobile Self-Efficacy, PUV - Perceived  Ubiquity Value, C – Content, F – Perceived Feedback, I – Perceived 
Interactivity, Col – Perceived Collaboration, AUT – Perceived Autonomy, COM – Perceived Competence, REL 
-  Perceived Relatedness 
 

Test of the structured model and hypotheses  
 

Figure 11.4 and table 11.3 summarize the structural model and the hypothesis testing 

results. Figure 11.4 shows the path coefficient for each path along with its significance (as 

asterisks, *p<0.1, **p<0.05, ***p<0.01) and the R2 for each endogenous variable.  Table 

11.3 shows the statistical significance of the relations in the model. Perceived Ease of Use 

has a direct positive effect on Perceived Usefulness (0.176) and on Behavioral Intention to 

Use (0.331). Perceived Usefulness has a direct positive effect on Behavioral Intention to Use 

(0.465). Perceived Autonomy (AUT) has a direct positive effect on Perceived Usefulness 

(0.524) and Perceived Ease of Use (0.195). Perceived Competence (COMP) has a direct 

positive effect on Perceived Ease of Use (0.238). No significant direct effect of perceived 

competence on perceived usefulness was found. Perceived Relatedness (REL) has a direct 

positive effect on Perceived Usefulness (0.205) and Perceived Ease of Use (0.323). Perceived 

Ubiquity Value (PUV) has a direct positive effect on students’ self-perceived Autonomy 

(0.157). Content (C) was found to relate directly to perceived Autonomy (0.447) and 

perceived Competence (0.362). Perceived Feedback (F) was found to relate directly to 

perceived Autonomy (0.418) and perceived Competence (0.301). Mobile-Self Efficacy 

(MSE) has a direct positive effect on students’ perceived Competence (0.350). Perceived 

Interactivity (INT) has a positive direct effect on students’ perceived Relatedness (0.596) and 

perceived Collaboration (COL) has a direct positive effect on students’ perceived Relatedness 

(0.323).  
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                                          Fig. 11. 4 SEM analysis of the research model 

 

Thus, the results from the PLS analysis support all hypotheses except the direct effect 

of perceived Competence on Perceived Usefulness (Hypothesis H8a). Table 11.4 shows the 

direct, indirect and total effects. Total effects have all statistical significance. 

The model explains 50% of   the variance in Behavioral Intention to Use. The total 

effects of Perceived Ease of Use (0.412), Perceived Usefulness (0.465), perceived Autonomy 

(0.323), perceived Relatedness (0.227) and Content (0.194) indicate that these constructs are 

important determinants of the Behavioral Intention to Use. Furthermore, perceived Autonomy 

(0.225), perceived Competence (0.238), perceived Relatedness (0.323) and perceived 

Interactivity (0.192) explain 49% of the variance in Perceived Ease of Use with the perceived 
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Relatedness to be the most important factor. Finally, Perceived Ease of Use (0.176), 

perceived Autonomy (0.558), perceived Relatedness (0.262), Content (0.299) and perceived 

Feedback (0.274) explain 52% of the variance in Perceived Usefulness with the perceived 

Autonomy to be the most important factor.  No significant direct total effect of perceived 

competence on perceived usefulness was found. Perceived Ubiquity value (0.157), Content 

(0.447) and perceived Feedback (0.418) explain 82% of the variance in self-perceived 

Autonomy. Content (0.362), perceived Feedback (0.301) and Mobile Self-Efficacy explain 

86% of the variance in self-perceived Competence. Interactivity (0.596) and Collaboration 

(0.323) explain 67% of the variance in self-perceived Relatedness. 

 

Table 11.3. Hypothesis testing results  

Hypothesis Path Path  

Coefficient 

Results 

H1 Perceived Ubiquity Value  Perceived Autonomy 0.157** Supported 

H2a Content  Perceived Autonomy 0.447*** Supported 

H2b Content  Perceived Competence 0.362** Supported 

H3a Perceived Feedback Perceived Autonomy 0.418*** Supported 

H3b Perceived Feedback  Perceived Competence 0.301*** Supported 

H4 Mobile Self-Efficacy  Perceived Competence  0.350** Supported 

H5 Perceived Interactivity  Perceived Relatedness 0.596** Supported 

H6 Perceived Collaboration  Perceived Relatedness 0.323** Supported 

H7a Perceived Autonomy  Perceived Usefulness  0.524** Supported 

H7b Perceived Autonomy  Perceived Ease of Use 0.195** Supported 

H8a Perceived Competence  Perceived Usefulness  0.099 Not Supported 

H8b Perceived Competence  Perceived Ease of Use 0.238* Supported 

H9a Perceived Relatedness  Perceived Usefulness 0.205** Supported 

H9b Perceived Relatedness  Perceived Ease of Use 0.323** Supported 

H10a Perceived Ease of Use  Perceived Usefulness 0.176** Supported 

H10b Perceived Ease of Use  Behavioral Intention to Use 0.331** Supported 

H11 Perceived Usefulness  Behavioral Intention to Use 0.465*** Supported 

*p<0.1, **p<0.05, ***p<0.01 
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Table 11.4. R2 and direct, indirect and total effects 
Dependent Variables R2 Independent Variables Direct 

Effect 
Indirect 
Effect 

Total 
Effect 

Perceived Autonomy 0.821 Perceived Ubiquity Value 0.157 0.000 0.157*** 
  Content 0.447 0.000 0.447*** 
  Perceived Feedback 0.418 0.000 0.418*** 
Perceived Competence 0.857 Content 0.362 0.000 0.362** 
  Perceived Feedback 0.301 0.000 0.301*** 
  Mobile Self-Efficacy 0.360 0.000 0.360** 
Perceived Relatedness  0.675 Perceived Interactivity 0.596 0.000 0.596** 
  Perceived Collaboration 0.323 0.000 0.323** 
Perceived Usefulness 0.521 Perceived Ease of Use 0.176 0.000 0.176** 
  Perceived Autonomy 0.524 0.034 0.558** 
  Perceived Competence 0.099 0.042 0.141* 
  Perceived Relatedness 0.205 0.057 0.262* 
  Perceived Ubiquity Value 0.000 0.087 0.087** 
  Content 0.000 0.299 0.299** 
  Perceived Feedback 0.000 0.274 0.274** 
  Mobile Self-Efficacy 0.000 0.048 0.048** 
  Perceived Interactivity 0.000 0.155 0.155** 
  Perceived Collaboration 0.000 0.084 0.084** 
Perceived Ease of use 0.488 Perceived Autonomy 0.195 0.030 0.225** 
  Perceived Competence 0.238 0.000 0.238* 
  Perceived Relatedness 0.323 0.000 0.323** 
  Perceived Ubiquity Value 0.000 0.030 0.030* 
  Content 0.000 0.186 0.173* 
  Perceived Feedback 0.000 0.151 0.151* 
  Mobile Self-Efficacy 0.000 0.080 0.080** 
  Perceived Interactivity 0.000 0.192 0.192** 
  Perceived Collaboration 0.000 0.104 0.104* 
Behavioral Intention to Use 0.504 Perceived Ease of Use 0.331 0.081 0.412* 
  Perceived Usefulness 0.465 0.000 0.465*** 
  Perceived Autonomy 0.000 0.323 0.323** 
  Perceived Competence 0.000 0.143 0.143** 
  Perceived Relatedness 0.000 0.227 0.227** 
  Perceived Ubiquity Value 0.000 0.050 0.050* 
  Content 0.000 0.194 0.194* 
  Perceived Feedback 0.000 0.173 0.173* 
  Mobile Self-Efficacy 0.000 0.049 0.049* 
  Perceived Interactivity 0.000 0.135 0.135** 
  Perceived Collaboration 0.000 0.072 0.072** 

*p<0.1, **p<0.05, ***p<0.01 

11.5 Discussions and Conclusions  

The current study introduces motivational factors into technology acceptance, in the 

context of mobile-based assessment, proposing Mobile Based Assessment-Motivational and 

Acceptance Model (MBA-MAM). While researchers have already recognized the importance 

of integrating motivational factors into technology acceptance (Fagan, Neill, & Wooldridge, 
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2008; Pedrotti, &  Nistor, 2016),  not many studies exist with few exceptions (Lee, Lee, & 

Hwang, 2015; Zhou, 2016). The study employs the constructs of autonomy, competence and 

relatedness from the Self-Determination Theory of motivation in order to explain and predict 

factors influencing behavioral intention to use mobile-based assessment. Exploring mobile-

based assessment with the lens of the SDT, helps us to optimize autonomous learning 

motivation (Deci, & Ryan, 2016), necessary for the 21st century learners. Assessment 

contexts that support satisfaction of autonomy, competence, and relatedness improve student 

involvement and engagement into learning. Furthermore, to the best of our knowledge, the 

study is one of the first to explicitly focus on students’ acceptance of mobile-based 

assessment. While many studies exist that explore acceptance of mobile learning (Liu, Han, 

& Li, 2010; Park, Nam, & Cha, 2012), there is a gap in the literature about the acceptance of 

mobile-based assessment. Studies report both positive (Chen, 2010) and negative (Wang, 

Wu, & Wang, 2009; Huff, 2015) students’ attitudes for the use of mobile devices for 

assessment purposes. The study is a step forward towards the understanding of the factors 

driving mobile-based assessment. 

According to the results emerged from the previous analysis, our study suggests that 

Behavioral Intention to Use Mobile-Based Assessment is significantly attributed to Perceived 

Ease of Use and Perceived Usefulness. When the mobile-based assessment system is 

perceived as easy and useful, students are willing to use it. These findings are in-line with 

previous technology acceptance research (Davis, 1989; Venkatesh, Morris, Davis, & Davis, 

2003).  

Perceived Autonomy has a significant positive effect on Perceived Usefulness, 

Perceived Ease of Use and Behavioral Intention to Use.  When students feel autonomous into 

their learning, they perceive learning more useful and easy to use, and also they have a 

stronger intention to use MBA. Perceived Relatedness has a positive significant effect on 
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Perceived Usefulness, Perceived Ease of Use and Behavioral Intention to Use. When students 

feel related to their classmates and teacher, they perceive learning and assessment as a useful 

and an easier task to do and therefore they have a stronger intention to use MBA.  Perceived 

Competence has a direct positive effect on Perceived Ease of Use. Students feeling competent 

at their learning and assessment tasks, they perceive learning as easy. The results are in line 

with previous research about the impact of autonomy and relatedness on technology 

acceptance (Chen & Jang, 2010; Cheon, Lee, Crooks, & Song, 2012; Roca & Gagné, 2008; 

Sørebø, Halvari, Gulli, & Kristiansen, 2009; Venkatesh & Davis, 2000). Also, according to 

Niemiec and Ryan (2009) when classroom environment supports the SDT basic 

psychological needs, students are more engaged.  However, Perceived Competence was not 

found to significantly relate to Perceived Usefulness and Behavioral Intention to Use. The 

result is contradictory to previous research (Chen & Jang, 2010; Sørebø, Halvari, Gulli, & 

Kristiansen, 2009). Low level of students’ perceived competence and skills does not affect 

students’ intention to use MBA; it may be the case that low competence level may be an 

opportunity for more practice through the assessment in order to improve either content 

knowledge or mobile device skills. This implies stronger intention to use MBA.   However, 

more research is needed to justify this contradictory result.  

Perceived Autonomy is attributed to Perceived Ubiquity Value, Content and 

Feedback. Perceived Competence is attributed to Content, Feedback and Mobile Self 

Efficacy. Perceived Relatedness is attributed to Interactivity and Collaboration. These 

findings are in line with previous SDT research (Deci & Ryan, 2016). Ubiquity, context-

sensitivity, technology support, time and location independence (PUV), meaningful feedback 

(F), relevant and optimally challenging educational content and tasks (C), self-efficacy 

(MSE), communication and interactions among peers and between peers and teacher (COL, 



227 
 

INT) are all determinants of the basic psychological needs of autonomy, relatedness and 

competence (Hartnett, 2015; Niemic & Ryan, 2009). 

Overall, our results are in line with previous basic research that integrates self-

determination into technology acceptance, confirming that there is a relation between 

motivation and technology acceptance. Also, our proposed model, confirms TAM in the 

context of mobile-based assessment. The study’s main contribution is the proposed integrated 

model of SDT and TAM to explain and predict students’ intention to use mobile-based 

assessment.  

A deeper understanding of the factors driving mobile-based assessment can help 

education stakeholders to better design assessments used on mobile devices. Taking into 

consideration both acceptance and motivational factors, more motivating and engaging 

assessment can be designed and implemented. Students would like to use mobiles devices for 

educational activities (Economides & Grousopoulou, 2010) if administrators and teachers 

properly guide and support them. Mobile devices, appropriately used, may provide, in our era 

of testing and pressure, an autonomy supportive learning environment (Deci & Ryan, 2016) 

that ultimately can promote learning. 
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PPAARRTT  SSIIXX  ––  MMoottiivvaattiioonn  aanndd  EEnnggaaggeemmeenntt    

CHAPTER 12: Motivation related predictors of engagement in mobile- 

                           assisted Inquiry-Based Science Learning 

12.1 Introduction 

Promoting Inquiry-Based Science Learning (IBSL) is addressed as a top priority or 

important issue in many national educational systems (Kearney, 2016). IBSL engages 

students in an authentic scientific discovery process where they collaboratively learn how to 

investigate and construct their own knowledge and understanding of the world by formulating 

hypotheses and testing them by conducting experiments (Pedaste et al., 2015).  

Mobile technologies are particularly suited for supporting inquiry-based science 

learning since they promote learning achievement and motivation (Sung, Chang, & Liu, 

2016). There are many previous studies on the positive effects of mobile-assisted inquiry-

based science learning on student motivation and learning achievement (Hwang, & Chen, 

2017; Jones, Scanlon, & Clough, 2013). However, few studies have addressed the issue of 

student engagement. Moreover, there is little understanding of what factors are making 

mobile learning motivational and engaging (Ciampa, 2014). 

This chapter describes an implementation of a mobile-assisted inquiry-based science 

learning intervention in the context of secondary school science and aims to explain and 

predict student engagement in terms of the underlying motivational concepts of autonomy, 

competence and relatedness from the Self-Determination of motivation (SDT; Deci & Ryan, 

2002). 

The chapter is organized as follows. In the next section, we present a brief 

introduction about engagement and inquiry-based science learning. Then, the proposed 

research model with our hypotheses are presented. Methodology section follows with 
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participants, description of the experiment and the instruments used. Data analysis section is 

next. Thereafter, results are discussed as well as conclusions are presented. 

12.2 Background 

Engagement  

Engagement is defined as the extent of a student’s active involvement in a learning 

activity (Fredricks, Blumenfeld, & Paris, 2004). It is a multidimensional construct consisted 

of the following three dimensions: behavioral engagement, emotional engagement and 

cognitive engagement (Fredricks, Blumenfeld, & Paris, 2004). Behavioral engagement is 

defined in terms of attention and participation in class-based activities (Fredricks, 

Blumenfeld, & Paris, 2004). Emotional engagement is conceptualized as interest, enjoyment 

and the perceived value of learning (Fredricks & McColskey, 2012). Cognitive engagement is 

defined in terms of deep learning strategies, self-regulated learning, and persistence (Greene, 

2015). In this study we added social engagement as a fourth dimension. Social engagement 

refers to the quality of social interactions with peers and the willingness to invest in building 

and maintaining relationships while learning (Wang, Fredricks, Ye, Hofkens, & Linn, 2016).  

There is a considerable body of research that has separately investigated the 

aforementioned distinctive dimensions of engagement (Fredricks &  McColskey, 2012).  The 

current study however, addresses engagement as a unique multidimensional construct that 

includes all aforementioned dimensions. 

Engagement is usually considered as a consequence of motivation (Boekaerts, 2016).   

There is some evidence that autonomy, competence and relatedness are reliable predictors of 

students’ positive outcomes and this pattern also seems to hold for classroom engagement 

(Deci, Ryan, Gagne´, Leone, Usunov, & Kornazheva, (2001); Jang, Reeve, Ryan, & Kim, 

2009). The current study is the first that employs perceived autonomy, competence and 
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relatedness from the SDT in order to predict and explain student engagement in the context of 

a mobile-assisted inquiry-based learning. 

Research has shown that, despite the increasing demand for science technology 

engineering and mathematics professionals (Nistor et al., 2016), students’ interest and 

engagement in math and science domains follow a descendent trend (Martin, Way, Bobis, & 

Anderson, 2015). Therefore, there is an urgent need to promote student engagement in 

science and math learning activities and courses. Moreover, the learning and working 

environment of the 21st century learning demand for the development of inquiry skills 

(Partnership for 21st Century Learning, 2009).  Designing and implementing appropriate 

methodologies based on solid theoretical frameworks in order to increase student engagement 

in inquiry-based science learning is of great importance. 

Inquiry-based Science Learning  

In Inquiry-Based Science Learning (IBSL) students explore scientific knowledge 

performing their own investigations; they usually formulate hypotheses and test them by 

conducting experiments and/or making observations. It is a process oriented and problem-

solving activity that consist of different phases. The current study adopted the inquiry 

framework proposed by Pedaste et al. (2015) as the more recent framework that emerged 

from related literature. The framework proposes five steps-phases in the inquiry process : (i) 

orienting and asking questions,  (ii) hypothesis generation and design, iii) planning and 

investigation, iv) analysis and interpretation and v) conclusion and evaluation.  

Mobile devices have been successfully used in inquiry-based science learning. A 

recent meta-analysis of the effects of integrating mobile devices in teaching and learning 

(Sung, Chang, & Liu, 2016) found high effect sizes for pedagogies that are inquiry-oriented.  
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Mobile devices have been used in inquiry-based learning to facilitate students into 

their inquiries (Buckner & Kim, 2014), provide appropriate scaffolding (Ahmed & Parsons, 

2013), support formative or self-assessments (Santos, Cook, & Hernández-Leo, 2015), 

promote critical thinking and problem solving (Hwang & Chen, 2017). Few studies have 

investigated the motivational constructs that trigger and maintain student engagement 

(Ciampa, 2014). The current chapter proposes a model for student engagement in mobile-

based science inquiry based on motivational constructs.   

12.3 Research Model  

According to the self-system model of motivational development (Connell, 1990) 

individuals have three fundamental motivational needs: autonomy, competence, and 

relatedness. Also, the basic needs theory from SDT presents the psychological need 

satisfaction as its basic principle that has the potential to energize engagement (Reeve, 2012). 

Our model about student engagement in mobile-assisted inquiry-based science 

learning proposes the following hypotheses: 

Hypothesis 1: Perceived Autonomy has a positive effect on student engagement in 

mobile-assisted IBSL. 

Hypothesis 2: Perceived Competence has a positive effect on student engagement in 

mobile-assisted IBSL. 

Hypothesis 3: Perceived Relatedness has a positive effect on student engagement in 

mobile-assisted IBSL. 

The research model and all the hypotheses proposed in our model are depicted in 

Figure 12.1. 
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Fig.12.1 The proposed model with the three hypotheses (H1, H2, H3) 

12.4  Methodology 

Participants  
The participants were 80 students recruited from three science classes from a 

European senior level high school. There were 37 males (47.5%) and 43 females (52.5%). 

The average age of students was 16.4 (SD = 1.14). Most of the students (65%) had already 

used mobile devices (e.g. smart phones or tablets) for their own personal study (search for 

educational content, download class material, etc), while their experience in using mobiles in 

their classes was limited (e.g. classroom polling, on an occasional basis). Students were 

informed in advance about the research procedure and their participation was voluntarily; 

appropriate permissions were obtained and all the data collected anonymously. 

Procedure  

The study was implemented during a two-week period in the context of a secondary 

level science curriculum.  During the first week, students participated in an inquiry-based 

learning activity in the Physics laboratory about Ohms’ law in electricity. During the second 

week, students   participated in a field trip observation in the context of an environmental 

course about plant morphology and biodiversity.  

Students used their mobile devices and QR-coding technology throughout all the 

inquiry phases (Pedaste et al., 2015) : (i) in the orientation phase students participated in 
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teacher generated classroom polling, (ii) in the hypothesis generation phase students 

collaboratively formulated their hypotheses using a mobile mind mapping application, (iii) in 

the planning and investigation phase students recorded their investigations in their on-line 

portfolios, (iv) in the analysis and interpretation phase students used mobile-based data 

logging tools, mobile device cameras and also their on-line portfolios to upload the learning 

artifacts and (v) in the conclusions and evaluation phase students uploaded their artifacts  on 

their on-line portfolios and used class-dedicated social media for sharing their ideas and 

discussions.     

Figure 12.2 shows students during the mobile-assisted IBSL in the Physics laboratory 

(a) and during the field trip (b).  

  

 

Fig. 12.2 Mobile-assisted IBSL in science lab (a) and in the field trip (b) 

 

After the two-week learning intervention students filled out the questionnaire about 

their perceived levels of motivation and engagement described next. 

 Instruments 

In order to measure perceived levels of motivation and engagement we have adapted 

items from previously validated instruments.  
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For perceived autonomy, competence and relatedness we have used items from the 

Basic Psychological Needs Satisfaction (BPNS) Questionnaire (Baard, Deci, & Ryan, 2004; 

Deci & Ryan, 2002) and items from the Intrinsic Motivation Inventory (IMI) Questionnaire 

(McAuley et al. 1989).  Sample items were: “Mobile devices provide me with interesting 

options and choices in my science inquiries” (autonomy support), “I think I am pretty good in 

mobile-assisted science inquiry” (competence support) and “I feel that mobile devices offer 

me opportunities to connect with my classmates during my science inquiries” (relatedness 

support).  

For engagement we have used items from the Math and Science Engagement 

Questionnaire (Wang, Fredricks, Ye, Hofkens, & Linn, 2016). Sample items are: “I feel good 

when I am in science class” (emotional engagement), “I stay focused during my scientific 

inquiries” (behavioral engagement), “I think about different ways to solve a problem” 

(cognitive engagement) and “I like working with my classmates in the mobile-assisted 

inquiries” (social engagement). The questionnaire was pilot tested on a group of students who 

took the same science course the previous year, indicating a good internal consistency 

(Cronbach alpha .81).  

12.5  Data Analysis and Results 

Partial Least-Squares (PLS) with Smart PLS 2.0 (Ringle, et al., 2005) was used as the 

analysis technique to predict the motivational factors that influence engagement in mobile-

assisted IBSL.  Our sample size exceeded the recommended value of 50 (10 times the largest 

number of independent variables impacting the depended variable). Convergent and 

discriminant validity of the proposed research model were verified in order to ensure the 

quality of the model. Convergent validity was evaluated based on the following three criteria: 

(1) all the indicators factor loadings should exceed 0.7, (2) composite reliability of each 

construct should exceed 0.7 and (3) the average variance extracted (AVE) by each construct 
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should exceed the variance due to measurement error for that construct (AVE > 0.5). As table 

12.1 shows, all criteria for convergent validity were satisfied: all factor loadings on their 

relative construct exceeded 0.7 and all AVE values ranged from 0.589 to 0.752 (AVE > 0.5). 

           Table 12.1 Descriptive statistics and results for convergent validity for the 
          measurement  model  (acceptable threshold values in brackets) 

Construct 
Items 

Mean 
(SD) 

Factor 
Loading 
(>0.70) 

Cron- 
bach’s a 
(>0.70) 

Composite 
Reliability 
(>0.70) 

Average 
Variance 
Extracted 
(>0.50) 
 

Autonomy 4.42 
(1.55) 

 0.834 0.901 0.752 

AUT1  0.904    
AUT2  0.856    
AUT3  0.839 

    
Competence 4.21  

(1.18) 
 0.799 0.882 0.714 

COMP1  0.821    
COMP2  0.867    
COMP3  0.844 

 
   

Relatedness 4.35 
(1.41) 

 0.717 0.840 0.638 
 

REL1  0.753    
REL2  0.772    
REL3  0.867 

 
   

Engagement 4.90  
(1.22) 

 0.825 0.877 0.589 

ENG1  0.745    
ENG2  0.709    
ENG3  0.845    
ENG4  0.731    
ENG5  0.798    

 

 Discriminant validity is supported when the square root of the average variance 

extracted (AVE) of a construct is higher than any correlation with another construct. As table 

12.2 shows, all AVE square root values were greater than the intercorrelation values between 
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constructs. Thus both convergent and discriminant validity for the proposed research model 

were verified.  

Table 12.2. Discriminant validity for the measurement model (values in bold: the square root 
of  the  average variance extracted for each construct)   

Construct AUT COMP ENG REL 

 AUT 0.84    

COMP 0.72 0.86   

 ENG 0.73 0.65 0.80  

 REL 0.60 0.58 0.67 0.77 
         Bold values: the square root of the average variance extracted (AVE) of each construct. 
 

 Table 12.3 and Figure 12.3 summarize the structural model results. The figure shows 

the path coefficient for each path with its significance (as asterisks) and the R2 for the 

endogenous variable of engagement.  The proposed model explains about 63% of the 

variance in students’ engagement in mobile-assisted inquiry-based science learning (R2 = 

0.63). Perceived autonomy was found to be the strongest predictor of engagement (0.42) with 

the relatedness to follow (0.32). 

                      Table 12.3 Summary of results 

Hypothesis Effect Coefficient support 

Hypothesis 1 AUT    ENG 0.42** yes 

Hypothesis 2 COMP     ENG 0.16* yes 

Hypothesis 3 REL   ENG 0.32** yes 
*p < .05,**p < .01. 
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Fig. 12.3. Results of the structural model. 

 

12.6  Conclusions and Discussions  

The current study explains and predicts student engagement in mobile-assisted 

inquiry-based science learning in terms of the basic constructs of the Self-Determination 

Theory of motivation, namely autonomy, competence and relatedness.   

Previous studies have shown that self-determination can predict school engagement 

(Raufelder, Regner, Drury & Eid, 2015; Reeve, 2012; Deci et al., 2001). However, inquiry-

based learning is a more challenging and demanding activity than traditional learning 

(Edelson, Gordin, & Pea, 1999). Therefore, in order for students to effectively engage in 

inquiry activities, they must be sufficiently motivated. Our study is one of the first that 

associates motivation and engagement in the context of mobile-assisted inquiry-based science 

learning. Based on the study findings, when students have the opportunities to meet their 

three basic psychological needs of autonomy, competence and relatedness, they are more 

engaged. 

Students’ need for autonomy can be met in an autonomy supporting and non-

controlling learning environment that provides situated and relevant tasks with meaningful 

choices and options (Wang, Ng, Liu, & Ryan, 2015). Mobile devices, through their ubiquity 
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and context-awareness can provide an optimal autonomy-supportive environment for inquiry-

based learning (Chen & Jang, 2010). Students’ need for competence is met when students 

feel they are in control of their own learning (Burgers, et al., 2015). Mobile devices, through 

the interactive feedback they provide, enhance students’ sense of perceived competence 

(Fyfe, 2016).  Students’ need for relatedness is more likely to occur in a collaborative 

learning environment. Mobile devices provide the opportunities for communication and 

collaboration and therefore can positively impact student engagement in a collaborative mode 

of inquiry-based learning (Hartnett, 2015).   

Perceived autonomy was found to be the strongest predictor of engagement with the 

relatedness to follow. The findings are in line with previous studies providing evidence that 

higher levels of engagement relate to more autonomy supportive environments (Jang, Kim, & 

Reeve, 2016). Skinner et al. (2009) showed that autonomous motivation leads to behavioral 

and emotional engagement, while Vansteenkiste et al. (2005) showed how autonomous 

motivation leads to cognitive engagement. 

Previous research provided evidence that enhanced student engagement is a strong 

predictor of academic performance (Fall & Roberts, 2012; Hughes, Luo, Kwok, & Loyd, 

2008). Higher behavioral and emotional engagement leads to higher school grades (Wang & 

Holcombe, 2010) and lower school drop-out rates (Fall & Roberts, 2012). Therefore, research 

on how to enhance student engagement and motivation is important in order to promote better 

academic performance.  

Moreover, improving students’ engagement in inquiry-based science learning is of 

great importance due to the following: (i) the development of inquiry skills prepares students 

for the complex learning and working environments of the 21st Century, (ii) it empowers the 

uptake of science education and (iii) increase students’ interest in pursuing science careers 
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which in turn can support the increasing demand for STEM professionals (Nistor, et al., 

2016).  

The study findings can provide useful suggestions for instructional designers and 

educators: by supporting student autonomy, competence and relatedness, education 

practitioners can enhance student engagement in mobile-assisted inquiry-based science 

learning. Moreover, considering the positive relation between engagement and learning 

achievement, raising student engagement can result in better student learning.  

Among the study limitations is the relatively small sample size. Future studies should 

employ larger samples with more diverse backgrounds. Also, future studies could consider to 

separately investigate the associations between students’ basic psychological needs 

(competence, relatedness and autonomy) and the individual engagement dimensions 

(behavioral, emotional, cognitive and social). 
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PPAARRTT  SSEEVVEENN  --  CCoonncclluussiioonnss  

Chapter 13: Conclusions and Discussions  

 

This chapter summarizes the conclusions of the current study with the respect to the 

previously defined research questions. Following that, the study contributions and 

implications are presented. This is followed by recommendations for future research. The 

chapter concludes with an epilogue with some final thoughts. 

 

13.1 Research Conclusions  

 The study findings and conclusions in respect to the aforementioned defined research 

questions are described next.   

Research Question 1: What are the significant predictors of students’ Behavioral 

Intention to Use Mobile-Based Assessment?   

This thesis proposes the Mobile-Based Assessment Acceptance Model (MBAAM) 

that extends the Technology Acceptance Model (TAM) by adding to the Perceived Ease of 

Use and Perceived Usefulness, the constructs of Facilitating Conditions, Social Influence, 

Mobile Device Anxiety, Mobile-Self-Efficacy, Personal Innovativeness, Perceived Trust, 

Content, Cognitive Feedback, User Interface and Perceived Ubiquity Value and investigates 

their impact on the Behavioral Intention to Use MBA. All aforementioned variables (except 

Personal Innovativeness for high-school students) were found to significantly predict 

students’ Behavioral Intention to Use MBA. In a high school context, personal 

innovativeness is not an important factor in mobile learning acceptance, since young students 

are already users of mobile technologies and most of them are willing to use them in their 

learning. In the proposed model, the construct of Perceived Usefulness has the highest mean 

value followed by Social Influence. This means that students perceive mobile-based 
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assessment as a useful educational activity. Also, students’ opinions are highly influenced by 

their teachers, parents or classmates regarding the use of MBA.   The proposed model 

explains about 47% of students’ Behavioral Intention to Use MBA (chapter 3 and 4). 

Research Question 2: What are the significant predictors of teachers’ Behavioral 

Intention to Use Mobile-Based Assessment?   

This thesis proposes the Teachers’ Acceptance of Mobile-Based Assessment 

(TAMBA) model that extends the Technology Acceptance Model (TAM) by adding to the 

Perceived Ease of Use and Perceived Usefulness, the constructs of Facilitating Conditions, 

Social Influence, Mobile Self-Efficacy and Output Quality. All the aforementioned variables 

were found to significantly predict teachers’ Behavioral Intention to Use MBA. The construct 

of Perceived Ease of Use has the highest mean value followed by Facilitating Conditions. 

The proposed model explains and predicts about 50% of the teachers’ behavioral intention to 

use MBA (chapter 5). 

Research Question 3: Are perceived Autonomy, Competence and Relatedness 

significant predictors of the Behavioral Intention to Use Mobile-based Assessment? 

This thesis introduces the constructs of Autonomy, Competence and Relatedness from the 

Self-Determination Theory into the Technology Acceptance Model and proposes the Mobile 

Based Assessment – Motivation and Acceptance Model (MBA-MAM).  All three SDT 

constructs significantly predict students’ Behavioral Intention to Use MBA. Both perceived 

Autonomy and perceived Relatedness have significant positive effects on Perceived 

Usefulness, Perceived Ease of Use and Behavioral Intention to Use.  Perceived competence 

has a significant positive effect on Perceived Ease of Use and Behavioral Intention to Use. 

Perceived Autonomy is attributed to Perceived Ubiquity Value, Content and 

Feedback. Perceived Competence is attributed to Content, Feedback and Mobile Self 
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Efficacy. Perceived Relatedness is attributed to Interactivity and Collaboration. The model 

explains 50% of the variance in students’ Behavioral Intention to Use MBA (chapter 10 and 

11). 

Research Question 4: Does Mobile-Based Assessment have a significant impact on 

students’ motivation and performance? 

The current study provides evidence that the use of mobile devices for self-

assessments in secondary school science classes, increases student overall motivation towards 

learning science (including intrinsic motivation, extrinsic motivation and perceived self-

efficacy) and performance as well.  Moreover, the positive impact on science learning 

motivation and performance is greater for the usually unmotivated low achieving students 

(chapter 6). 

The study also provides evidence that mobile-based micro-learning and assessment 

homework activities, compared to traditional paper-based homework, have an impact on 

high-school students’ self-perceived levels of autonomy, competence and relatedness. 

Moreover, mobile-based micro-learning and assessment improves factual knowledge and 

learning satisfaction of secondary school students (chapter 7). 

Research Question 5: How do features of Mobile Learning and Assessment relate to 

students’ increased perceived levels of Autonomy, Competence and Relatedness?  

This study suggests that students’ participation in mobile learning and assessment 

activities results in higher levels of perceived autonomy, competence and relatedness 

compared to conventional paper-based methods. Features of mobile devices, when 

appropriately used in mobile learning and assessment, have the potential to provide additional 

support to the basic SDT psychological needs of autonomy, competence and relatedness. 

Autonomy support can be facilitated by mobile-supported contextualized, situated and 
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personalized learning. Perceived competence can be enhanced by mobile-assisted authentic 

‘in-situ’ learning and assessment activities where student can reflect on their own experiences 

in real authentic tasks and, at the same time, receive personalized immediate and interactive 

tutor feedback. Perceived relatedness can be supported by mobile-based on-line 

communication and collaboration in the form of tutor- and/or peer- feedback). The proposed 

Mobile Based Assessment Motivational Framework (MBAMF) describes the links among 

mobile devices features and self-determination (chapter 8 and 9). 

Research Question 6:  Can student engagement in mobile-assisted science inquiry be 

predicted in terms of the perceived levels of Autonomy, Competence and Relatedness? 

Inquiry-based learning is more challenging and demanding than traditional learning 

(Edelson, Gordin, & Pea, 1999). Therefore, in order for students to effectively engage in 

inquiry activities, they must be sufficiently motivated. Our study is one of the first that 

associates motivation and engagement in the context of mobile-assisted inquiry-based science 

learning. This thesis provides evidence that the SDT motivational dimensions of Autonomy, 

Competence and Relatedness can explain and predict student engagement in inquiry learning 

in science classrooms. Perceived autonomy was found to be the strongest predictor of 

engagement. Mobile devices features such as ubiquity, interactive feedback and 

communication enhance the basic SDT motivation constructs which in turn have a positive 

influence on student engagement (chapter 12). 

13.2 Research Contributions  

The study findings make the following contributions with respect to the following 

aspects: research questions, proposed models/frameworks, approach/methodology followed, 

experiment/context and results/findings: 
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Contribution with respect to the research questions 

The main contribution of this thesis is that it examines acceptance and motivation 

issues regarding mobile-based assessment in its own individual context and not as part of 

mobile learning in general. Mobile-based assessment activities cannot always be embedded in 

mobile learning; they can also be autonomously implemented or complementing a blended e-

learning approach or even conventional paper-based learning. Therefore, MBA   is worth it to 

be studied in its own context.  

To the best of our knowledge, the current study is the first one that investigates the 

factors that affect students’ and teachers’ acceptance of mobile-based assessment.  

Moreover, this thesis investigates the impact of mobile-based assessment strategies 

(e.g. homework self-assessment, authentic mobile-assisted assessment during a field trip, 

formative assessment during laboratory activities, micro-learning and micro-assessment) on 

students’ motivation and performance. Furthermore, the study elaborates on the links 

between distinct features of mobile-based assessment and the constructs of autonomy, 

competence and relatedness from the Self-Determination Theory of motivation. One of the 

prominent findings of the study is the association of the SDT motivation constructs with 

student engagement in mobile-assisted inquiry-based learning and assessment. 

Based on the aforementioned links, the thesis also integrates technology acceptance 

factors with the SDT motivational constructs of autonomy, competence and relatedness into a 

combined model of MBA acceptance.  
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Contribution with respect to the proposed models and frameworks 

The current study proposed the following three models for the acceptance of Mobile-

Based Assessment: i) the students’ Mobile-Based Assessment Acceptance Model (MBAAM) 

that is a TAM extension, (ii) the Mobile-Based Assessment Motivation and Acceptance 

Model (MBA-MAM) that integrates SDT motivational variables into TAM, extending its 

initial basic orientation from mostly utilitarian (productivity oriented) systems to  include 

motivational variables as well and (iii) the Teachers’ Acceptance Mobile-Based Assessment 

(TAMBA) model, that is a TAM extension from the teachers’ perspective.  

Also, the study proposed the Mobile-Based Assessment Motivational Framework 

(MBAMF) that provides links between distinct features of mobile-based assessment and the 

constructs of autonomy, competence and relatedness from the Self-Determination Theory of 

motivation. To the best of our knowledge, this is the first motivation-oriented framework for 

mobile-based learning and assessment from the perspective of the Self Determination Theory 

of motivation. 

Furthermore, the study confirms the applicability of the Self-Determination Theory in 

the context of mobile learning and assessment, providing evidence that it is a powerful tool 

for explaining the complex construct of motivation in the context of mobile learning.  

Contribution with respect to the context of the experiment  

 The investigations of the current study were implemented in a wide range of 

educational contexts. Students’ acceptance of MBA was examined for secondary school 

students, first year students of Economics and medical students. This study is the first that 

considers mobile learning and assessment acceptance in the context of secondary education.  
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Regarding the motivational impact of MBA, this has been investigated for secondary 

school students and medical students also. The investigation for medical students was 

performed during their near-patients clinical training. The investigation for secondary school 

students was performed for a wide range of assessment activities both indoors (classroom 

polling, formative assessment in science laboratory sessions, self-assessments, homework 

assignments) and outdoors (authentic in-situ assessments during field trips). The duration of 

the experiments (for both acceptance and motivation issues) were ranged from a one-time 

mock examination to more longitudinal studies spanning to three-to-four-week periods. 

Contribution with respect to the study results 

 The current thesis explains and predicts students’ and teachers’ intention to use 

Mobile-Based Assessment, based on extended versions of the Technology acceptance Model 

for students (MBAAM) and teachers (TAMBA) and also with an integrated TAM and SDT 

version (MBA-MAM).     

Regarding MBAAM, a series of external variables, i.e. environmental variables 

(Social Influence, Facilitating Conditions), educational variables (Cognitive Feedback, 

Content), user profile variables (Perceived Trust, Mobile Self-Efficacy, Personal 

Innovativeness, Mobile Device Anxiety) and mobile devices features variables (Perceived 

Ubiquity Value, User Interface) have been added to the model with significant impact on 

Perceived Ease of Use, Perceived Usefulness and Behavioral Intention to Use MBA. The 

study confirms that the Technology Acceptance Model is valid in the context of mobile-based 

assessment. The findings are in-line with basic technology acceptance research (Davis, 1989; 

Venkatesh, Morris, Davis, & Davis, 2003) and mobile learning research (Wang, et al., 2009; 

Park, et al., 2012; Aish & Love, 2013).   The size of the estimated casual links for our model 

are comparable to the average path coefficients for the same casual links, as these have been 
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estimated in a recent meta-analysis of e-learning technology acceptance by Šumak, Hericko 

and Pušnik, (2011). From the above variables, Perceived Trust, User Interface, Cognitive 

Feedback, Perceived Ubiquity Value have been introduced for the first time in the particular 

context. Perceived Ubiquity Value, Mobile-Self Efficacy and Perceived Ease of Use have 

been found to be the three strongest predictors of students’ intention to use MBA. Perceived 

Ubiquity Value has a positive effect on perceived usefulness and the highest influence 

towards acceptance. This finding introduces and highlights the importance of a mobile device 

feature into the acceptance of mobile-based assessment. Students consider mobile devices 

very useful due to their embedded ubiquity characteristics since they can offer learning and 

assessment services anytime and anywhere. Mobile-Self Efficacy has also a large effect on 

Perceived Ease of Use which in turn influences behavioral intention to use, which is 

consistent with previous mobile learning acceptance research.  

Regarding TAMBA, Social Influence, Facilitating Conditions, Mobile-Self Efficacy 

and Output Quality have been added to the model with significant impact on Perceived Ease 

of Use, Perceived Usefulness and Behavioral Intention to Use MBA. From the above 

variables, Output Quality has been introduced for the first time in the studied context. Output 

Quality, Facilitating Conditions and Perceived Ease of Use have been found to be the three 

strongest predictors of teachers’ intention to use MBA. The investigation of teachers’ 

intention to use mobile-based assessment extends previous research about teachers’ 

acceptance of mobile learning (Mac Callum, Jeffrey,  & Kinshuk, 2014). Our study confirms 

the importance of self-efficacy (Sánchez-Prieto, Olmos-Migueláñez, & García-Peñalvo, 

2017; Mac Callum, Jeffrey, & Kinshuk, 2014), demonstrating also the importance of Output 

Quality, Facilitating Conditions and Perceived Ease of Use. 

Regarding MBA-MAM, mobile devices features (Perceived Ubiquity Value), 

educational material (Feedback and Content), user profile (Mobile-Device Efficacy) and 
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instructional methods (Interactivity and Collaboration) significantly affect autonomy, 

competence and relatedness. Perceived Autonomy and Perceived Relatedness were found to 

have significant positive effects on Perceived Usefulness, Perceived Ease of Use and 

Behavioral Intention to Use.  Autonomy was found to have the stronger impact with the 

relatedness to follow. The results are line in with previous research about the impact of 

autonomy and relatedness on technology acceptance (Chen & Jang, 2010; Cheon, Lee, 

Crooks, & Song, 2012; Roca & Gagné, 2008; Sørebø, Halvari, Gulli, & Kristiansen, 2009). 

Perceived Competence has a direct positive effect on Perceived Ease of Use. However, 

Perceived Competence was not found to significantly relate to Perceived Usefulness and 

Behavioral Intention to Use, which is contradictory to previous research (Chen & Jang, 2010; 

Sørebø, Halvari, Gulli, & Kristiansen, 2009). Overall, the proposed model contributes to 

mobile learning research by integrating self-determination into technology acceptance, 

confirming that there is a relation between motivation and technology acceptance. 

Another study contribution, with respect to its results, is the evidence presented that 

mobile-based assessment has the potential to promote student motivation (primarily for low 

achieving students) and performance (especially regarding factual knowledge). This 

contribution about the positive impact of mobile-based assessment on student motivation and 

performance extends existing research that has investigated motivation and performance 

during mobile learning (Tingir et al., 2017; Liu et al., 2014). Moreover, the study highlights 

the importance of mobile-based micro-learning and micro-assessment in the context of 

secondary science education. This contribution extends previous research about the 

importance of micro-learning in corporate working environments (Wen & Zhang, 2015; 

Pimmer & Pachler, 2014). Moreover, the study provides evidence that self-determination can 

predict engagement in mobile-assisted inquiry-based science learning. Considering the 
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positive relation between engagement and learning achievement, raising student engagement 

can result in better student learning.  

Also, an important contribution of the study is the proposed Mobile Based 

Assessment Motivational Framework (MBAAMF), based on SDT. Connections between 

mobile learning and SDT have started to emerge from previous research (Burden & Kearney, 

2016; Sha et al., 2012). However, a stronger alignment is needed between the general 

underlying theory and measured outcomes (Zydney & Warner, 2016). The proposed 

framework, grounding on SDT, addresses design issues of mobile-based assessments (MBA) 

from the student’s motivation perspective. It is a three-layer framework that aims at 

supporting the basic students’ SDT psychological needs of autonomy, competence and 

relatedness with: (i) SDT instructional methods, (ii) self-directed learning and assessment 

strategies supported by mobile devices and (iii) the technological affordances offered by 

mobile devices.   

Considering both the context of the investigations and the aforementioned results, the 

study has another two significant contributions: The first is to medical education by 

confirming the applicability of SDT into the field. The second is to STEM education and 

inquiry-based science learning in high school settings. It raises the issue of low student 

motivation towards STEM classes (and careers) and also provides some guidelines in order to 

motivate and engage students towards STEM subjects. Furthermore, it contributes towards 

the development of inquiry skills that students need for the complex learning and working 

environments of the 21st Century. 

13.3 Implications for practice 

The current study is concerned with acceptance and motivation issues related to 

Mobile-Based Assessment. The study explores significant predictors of Mobile-Based 
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Assessment from both students and teachers’ perspectives, provided evidence for the 

motivational impact of using mobiles in assessment and demonstrated how distinguished 

features of mobile learning and assessment relate to the motivational constructs of the SDT. 

The study results can be useful for researchers, educators, instructional designers and 

education policy administrators in order to better design and implement mobile learning and 

assessment practices. 

For researchers, the study extends the current body of knowledge by the following 

two ways: (i) with the introduction of variables that have not been adequately studied so far 

(e.g. output quality, perceived trust, perceived ubiquity value, user interface), the study 

provides extended versions of TAM for both students’ and teachers’ MBA acceptance, and 

(ii) with the adoption of the Self-Determination Theory of motivation as its theoretical 

background, the study introduces a framework that  models the complex issue of motivation 

in mobile learning and assessment environments. 

Based on the empirical evidence the current study provides, educators and 

instructional designers can develop more acceptable, student-centered, motivating and 

successful mobile-based assessments by taking into consideration the factors that influence 

students’ intention to use.  Higher levels of intention to use learning technologies can lead to 

better learning outcomes (Park, Ko, & Kim, 2007; Shin & Kang, 2015). Moreover, the study 

addresses the issue of motivation in learning and proposes that some features of mobile 

devices (e.g. ubiquity and interactivity) when used appropriately, they can trigger student 

motivation. The study findings suggest that mobile learning and assessment have the 

potential to support a more autonomy and competence supportive leaning environment that 

facilitates on-line interaction and collaboration.  It also provides general guidelines for 

teachers and instructional designers to support, with the facilitation of mobile devices, the 
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autonomy, competence and relatedness needs of learners during mobile learning and 

assessment.  

The NMC Horizon Report - 2016 Higher Education Edition reports that education 

institutions increasingly adopt Bring Your Own Device (BYOD) policies (Johnson et al., 

2016). Education policy administrators can be benefited for two reasons. First, the study 

informs them about the factors that influence mobile-based assessment acceptance from 

students and teachers. Mobile-based assessments, as an alternative to paper-based or 

computerized tests, offer a cost saving solution that can be easily administered either inside 

or outside the classroom boundaries. Regarding teachers’ intention to use mobiles in 

assessments, it constitutes a critical factor towards MBA adoption and therefore, the study 

findings can properly inform teacher professional development programs towards fostering 

mobile assessment practices. Second, considering the motivational dimensions of MBA, the 

study findings suggest that mobile devices cannot only be used as an assessment delivery tool 

but also as a means to enhance student motivation and engagement as well (Sung, Chang, & 

Liu, 2016).  Therefore, contemporary assessment methods e.g. adaptive personalized 

assessments, context-aware assessments, authentic in-situ assessments, peer-assessments, 

competency-based assessments, should be introduced in order to enhance the educational 

practices and support the acquisition of 21st century learning skills.   

An educational system that appropriately supports students’ needs, it is not only easier 

adopted but it can ultimately improve students’ learning (Hwang, Sung, Hung, & Huang, 

2013). Our study provides a better understanding towards developing mobile-based 

assessments that support learners, enhance learning experience and promote motivation and 

learning. Moreover, it raises the overall level of awareness about mobile-based assessment 

towards the establishment of a new agenda for assessment research. 
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13.4 Future research 

Exploring the acceptance of mobile-based learning and assessment is an evolving 

issue in the research literature. Moreover, exploring the motivational dimensions of mobile 

learning and assessment is a promising research direction in terms of learning outcomes.   

The current study introduced several variables to the technology acceptance model 

and also demonstrated the explanatory power of the Self-Determination Theory regarding the 

increased student motivation in the context of mobile-based assessment.  

Building on this work, further studies needed in order to increase the predictive power 

of the proposed acceptance models using other external variables as well. One such variable 

could be the cognitive load since one of the main challenges in mobile learning is to avoid 

information overload and the additional cognitive load imposed on learners’ working 

memory (Hung, Hwang, Lin, Wu, & Su, 2013). Another variable would be the User Context, 

a construct that has been introduced by Liu and Li (2011) and describes the environment 

where a technology is used.  

It would be interesting to investigate the relation between MBA adoption and culture 

or other factors e.g. gender, age, teaching experience. Another interesting approach could be 

to identify the type of students that are most likely to adopt different types of mobile 

assessments and under which conditions. These investigations could be performed in 

different educational contexts, in more subject topics, on larger and probably more diverse 

samples. 

In the current study, students have been involved in various mobile-based assessments 

(formative, summative, in-class and outside class, etc), in order to acquire an “extensive” 

experience in MBA. Students’ answers to the survey questionnaires reflect their general 
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perceptions about mobile-based assessment across the aforementioned spectrum of 

educational activities. The study is aiming at modeling mobile-based assessment acceptance 

across a wide range of assessment activities featuring formal and informal assessment that 

spans across multiple contexts and also cannot be easily separated from instruction (Wong & 

Looi, 2011).   Future studies could be designed in order to explore MBA acceptance of 

specific assessment types and formats.  

Regarding the impact of MBA on students’ motivation and performance, it would be 

also interesting to perform further investigations in different educational contexts, other 

assessment types and with different samples. Regarding learning performance, the study 

focuses on factual knowledge, i.e. the basic elements (formulas, terminology) that students 

must know in order to be acquainted with a discipline or solve simple problems. Further 

research is needed to investigate if mobile learning and assessment can promote conceptual 

knowledge as well, i.e. the interrelationships among the basic elements within a context 

(classifications, generalizations, theories and models) to solve more complex problems and 

engage in activities of higher cognitive levels – such as analyzing, evaluating and creating. 

13.5 Epilogue 

Assessment has a key role in learning due to its close relation to instruction and 

learning outcomes (Goodrum, Hackling, & Rennie, 2001).  Students’ perceptions about 

assessments can affect their learning approach which in turn affects the extent to which 

students are successful in their classrooms (Dhindsa, Omar, & Waldrip, 2007). Moreover, the 

application of technology to assessment can be a major driver for change throughout teaching 

and learning (Farell & Rushby, 2016).  

According to UNESCO (2012), mobile devices can open new windows of 

opportunities when used in learning and assessment. 
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The current study triggers a discussion about the acceptance and motivation in the 

context of mobile-based assessment and raises the overall level of awareness about mobile-

based assessment towards the establishment of a new agenda for assessment research.  

Investigating students’ intention to use mobile-based assessments facilitates the 

design and implementation of assessment that better fit into students needs. 

Moreover, exploring mobile-based assessment with the lens of the SDT helps to 

optimize autonomous learning motivation (Deci & Ryan, 2016) which is important and 

necessary for the 21st century learners. In the context of BYOD, assessment supporting 

satisfaction of autonomy, competence, and relatedness improves student involvement and 

engagement into learning. 

Also, the use of mobiles in learning and assessment provides a serious opportunity to 

support teachers into their everyday teaching and improve their ongoing professional 

development (West, 2012).  

These concerns, constituting the main points of this thesis, should be taken into 

consideration when trying to design and implement mobile-based assessments for the 21st 

century learners. 
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Appendix A   

Questionnaire Items used for the study on chapter 3.1 

Constructs Items Descriptions Sources 

Behavioural 
Intention to Use 

BIU1 I indent to use mobile devices  
for assessment purposes in the future. 

Davis (1989) 

 BIU2 I plan to use mobile devices for 
assessment purposes in the future. 

 

 BIU3 I predict I would use mobile devices for  
assessment purposes in the future. 

 

Perceived 
Mobility 

PM1 It is convenient to access mobile-based  
assessment anywhere and anytime. 

Huang et al. 
(2007)  

 PM2 Mobility is an outstanding advantage of  
mobile-based assessment. 

 

 PM3 Mobility makes it possible to get the  
real-time assessment data. 

 

Satisfaction S1 The mobile-based assessment that I am  
using now meet my expectations. 

Park et al. 
(2014) 

 S2 Overall I am satisfied with the mobile-
based assessment. 

 

 S3 I recommend mobile-based assessment 
to others who indent to use mobile 
devices in learning. 

 

Perceived Ease of 
Use 

PEOU1 I find the mobile-based assessment easy 
to use. 

Davis (1989) 

 PEOU2 Learning how to use the mobile-based 
system is easy for me. 

 

Perceived 
Usefulness 

PU1 I think mobile-based assessment is 
useful for my learning. 

Davis (1989) 

 PU2 Using mobile-based assessment 
increases my productivity. 

 

 PU3 Using mobile-based assessment  
improves my performance and 
effectiveness in my learning 
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Appendix B  

Questionnaire Items used for the Mobile-Based Assessment Acceptance Model (MBAAM) 

Constructs Items Descriptions Sources 

Behavioural  BIU1 I indent to use MBA in the future. Davis (1989) 
Intention to Use BIU2 I plan to use MBA in the future.  
 BIU3 I predict I would use MBA in the future.  
Social Influence SI1 People who influence my behaviour think that I 

should use MBA. 
Venkatesh, 
Morris, Davis,  

 SI2 People who are important to me think that I should 
use MBA. 

& Davis (2003) 

 SI3 My teacher has been helpful in the use of MBA.  
 SI4 In general my educational institution has supported 

the use of  MBA . 
 

Facilitating  FC1 I have the resources necessary to use MBA. Venkatesh, 
Conditions FC2 I have the knowledge necessary to use MBA. Morris, Davis, 
 FC3 MBA is not compatible with other systems I use. & Davis 
 FC4 Someone is available for assistance with system 

difficulties. 
(2003) 

Perceived Ease of  
Use 

PEOU1 My interaction with MBA is clear and 
understandable. 

Davis (1989) 

 PEOU2 It is easy for me to become skilful at using MBA.  
 PEOU3 I find the system easy to use  
Perceived 
Usefulness 

PU1 
PU2 

Using MBA enhances my effectiveness. 
MBA is useful for my study. 

Davis (1989) 
 

 PU3 Using MBA increases my productivity.  
 

Personal  
Innovativeness 

PI1 I like to experiment with new information 
technology. 

Agarwal & 
Prasad (1998),  

 PI2 If I heard about a new information technology, I 
would look for ways to experiment with it. 

Liu, Li & 
Carlsson (2010)  

 PI3 Among my peers, I am usually the first to try out 
new information technology. 

 

Mobile Self-
Efficacy 

MSE1 I could complete a job or task using  a mobile-
device. 

Compeau & 
Higgins (1995) 

 MSE2 I could complete a job or task using a mobile device 
if someone showed how to do it first. 

 

 MSE3 I was fully able to use a mobile device before I 
began using MBA. 

 

 MSE4 I can navigate easily through the Web using a 
mobile device to find any information I need. 

 

Mobile Device  MDA1 I feel apprehensive about using the system. Venkatesh, 
Anxiety MDA2 It scares me to think that I could lose a lot of 

information using the system by hitting the wrong 
key. 

Morris, Davis, 
& Davis (2003) 

 MDA3 I hesitate to use the system for fear of making 
mistakes I cannot correct. 

 

 MDA4 The system is somewhat intimidating to me. 
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Perceived Trust PT1 I think that MBA is reliable in identifying 
examinees’ identities. 

Liu, Chen, & Lu 
(2015) 

 PT2 I feel that the strategies used to prevent cheating 
behaviours in MBA are trustworthy. 

 

 PT3 I think that evaluations of my learning outcomes 
through MBA are fair. 

 

 PT4 I feel that the information security of online exam is 
creditable. 

 

 PT5 Overall, I think that MBA is trustworthy to me.  
Perceived  
Ubiquity Value 

PUV1 
PUV2 

I can interact with the environment during the MBA 
I like to participate in MBA during real world tasks 
in authentic environments. 

Self-developed 

 PUV3 I like to share experiences and knowledge with my 
peers during the MBA. 

 

 PUV4 MBA can provide personalized and adaptive 
information. 

 

Cognitive Feedback CF1 Feedback was clear and understandable. Self-developed 
 CF2 Feedback was relevant to the procedure.  
 CF3 Feedback enhanced my learning by immediately 

providing me the correct answer. 
 

 CF4 Feedback made me to be more engaged.  
User Interface  UI1 The screen design of the MBA is comfortable to 

read. 
Based on 
Liu et al. (2010)  

 UI2 Navigation through the MBA questions is easy. and Lee et al.  
 UI3 I like the interactivity the MBA provides me.  (2015) 
Content  C1 MBA’s questions were clear and understandable. Terzis &  
 C2 MBA’s questions were relative with the course’s 

syllabus. 
Economides 
(2011) 

 C3 MBA’s questions were useful for my course.  
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Appendix C  

Questionnaire Items used for the Teachers’ Acceptance Mobile-Based Assessment (TAMBA) model 

Constructs Items Descriptions Sources 

Behavioural  BIU1 I indent to use MBA in the future. Venkatesh, 
Intention to Use BIU2 I plan to use MBA in the future. Morris, Davis, 
 BIU3 I predict I would use MBA in the future. & Davis (2003) 
Social Influence SI1 People who influence my behaviour think that I 

should use MBA. 
Venkatesh, 
Morris, Davis,  

 SI2 People who are important to me think that I should 
use MBA. 

& Davis (2003) 

 SI3 School management has been helpful in the use of 
MBA. 

 

 SI4 In general my educational institution policy has 
supported the use of MBA. 

 

Facilitating  FC1 I have the resources necessary to use MBA. Venkatesh, 
Conditions FC2 I have the knowledge necessary to use MBA. Morris, Davis, 
 FC3 MBA is not compatible with other systems I use. & Davis 
 FC4 Someone is available for assistance with system 

difficulties. 
(2003) 

Perceived Ease of  
Use 

PEOU1 My interaction with MBA is clear and 
understandable. 

Venkatesh, 
Morris, Davis, 

 PEOU2 It is easy for me to become skilful at using MBA. & Davis (2003) 
 PEOU3 I find the system easy to use.  
Perceived 
Usefulness 

PU1 
PU2 

Using MBA enhances my effectiveness. 
MBA is useful for my teaching. 

Venkatesh, 
Morris, Davis, 

 PU3 Using MBA increases my productivity. & Davis (2003) 
Output Quality OQ1 The quality of the output I get from MBA is high.  Venkatesh,  
 OQ2 Mobile devices enhance assessment output by 

offering administrative benefits.  
& Davis (2000)  

 OQ3 Mobile devices enhance assessment output by 
promoting new assessment opportunities. 

 

 OQ4 I have no problem with the quality of the MBA 
output. 

 

Mobile Self- MSE1 I can complete a job or task using a mobile-device. Compeau &  
Efficacy MSE2 I could complete a job or task using a mobile device 

if someone showed how to do it first. 
Higgins (1995) 

 MSE3 I am fully able to use a mobile device before I begin 
using it in my teaching. 

 

 MSE4 I can navigate easily through the Web using a 
mobile device to find any information I need. 
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Appendix D  

The adapted Science Motivation Questionnaire 
The Science Motivation Questionnaire © 2006 Shawn M. Glynn & Thomas R. Koballa, Jr., modified 
for Physics (replacing the word “Science” with the word “Physics”) and adapted with permission of 
its authors. 
Intrinsic motivation – the inherent satisfaction from taking a Physics test. 
– I enjoy answering the Physics test (1). 
– Answering the Physics test is more important to me than the grade I receive (16). 
– I find answering the Physics test is interesting (22). 
– I like the Physics test because it is challenging (27). 
– Answering the Physics test gives me a sense of accomplishment (30). 
Extrinsic – External factors contributing to learning Physics i.e. grade, rewards.  
– I like to do better than the other students on the Physics test (3). 
– Earning a good Physics grade by answering the test is important to me (7). 
– I want to perform better in the Physics test because I need recognition from my classmates 
(10). 
– I think about how the Physics test can help me get a good grade (15). 
– I think about how my Physics mark can help my future career (17). 
Personal relevance – Motivation based on the relevance the Physics test has with the 
students’ own personality and goals.  
– The Physics test I answer relates to my personal goals (2). 
– I think about how the Physics test will be helpful to me (11). 
– I think about how I will use the Physics test to achieve my goal (19). 
– I like answering the Physics test because it is relevant to my personality (23). 
– The Physics test I answer has practical learning value for me (25). 
Self-determination – Student’s belief that he/she is in control of learning Physics. 
– Answering the Physics test is not difficult (5). 
– I put enough effort into answering the Physics test (8). 
– I use strategies that ensure I answer the Physics test well (9). 
– I can learn better from taking the Physics test (20). 
– The Physics test is what I have expected (26). 
Self-efficacy – Student’s belief that he/she can do well in Physics. 
– I expect to do as well as or better than other students in any Physics test (12). 
– I am confident I can answer most of the questions in the Physics test (21). 
– I believe I have master the knowledge and skills in the Physics test (24). 
– I am confident I did well in the Physics test (28). 
– I believe I can earn a good grade in the Physics test (29). 
Anxiety – Students’ tension and nervousness against the testing procedure. 
– I am nervous about how I will do on the Physics test (4). 
– I become anxious when it is time to take a Physics test (6). 
– I worry about failing the Physics test (13). 
– I am concerned that the other students are better in the Physics test (14). 
– I hate taking the Physics test (18). 
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Appendix E  

 Questionnaire items used for the Mobile Based Assessment-Motivational and Acceptance Model 
(MBA-MAM) 

Constructs Items Descriptions Sources 
Mobile Self- MSE1 I can complete a job or task using a mobile-device. Compeau,  
Efficacy MSE2 I could complete a job or task using a mobile device if 

someone showed how to do it first. 
Higgins, & Huff 
(1999) 

 MSE3 I was fully able to use a mobile device before I began 
using MBA. 

 

 MSE4 I can navigate easily through the Web using a mobile 
device to find any information I need. 

 

Perceived  
Ubiquity Value 

PUV1 
PUV2 
 

The MBA supports me to be more active in my learning. 
The MBA can be used for real world tasks in authentic 
learning environments.  

Self-developed 

 PUV3 The MBA can be used anywhere and anytime.  
 PUV4 The MBA can offer personalized learning.  
 
 
Perceived  

 
 
F1 

 
 
Feedback during MBA was useful. 

 
 
Self-developed 

Feedback F2 Feedback during MBA was relevant.  
 F3 Feedback during MBA supported my learning.  
 F4 Feedback during MBA helped me to be more engaged.  
Content C1 MBA’s questions were clear and understandable. Terzis &  
 C2 MBA’s questions were relative with the course’s 

syllabus. 
Economides 
(2011) 

 C3 MBA’s questions were useful for my course.  
Perceived 
Interactivity 

I1 The MBA facilitates my interaction with peers and 
teacher. 

Blasco-Arcas, 
et al. (2013) 

 I2 The MBA gives me the opportunity to interact with peers 
and teacher. 

 

 I3 The MBA facilitates the dialog with peers and teacher.  
 I4 The MBA allows the exchange of information with 

peers. 
 

Perceived COL1 During the MBA, I felt part of a learning community. So & Brush  
Collaboration COL2 During the MBA, I was able to develop my collaboration 

skills. 
(2008); Huang et 
al. (2011) 

 COL3 During the MBA, I can share experiences or knowledge 
with my peers. 

 

 COL4 Overall, I am satisfied with my collaborative learning 
experience during the MBA. 

 

 
Basic Needs Satisfaction (SDT) 
Perceived 
Autonomy 

AUT1 I feel a sense of choice and freedom while participating 
in the MBA.  

McAuley, et 

 AUT2 I feel pressured during the MBA. al.(1989); Baard,   
 AUT3 The MBA provides me with interesting options and 

choices. 
et al. (2004) 

 AUT4 There is not much opportunity for me to decide for 
myself how to do the MBA. 
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Perceived  COMP1 I think I am pretty good at the MBA. McAuley, et  
Competence COMP2 I think I did pretty well at the MBA, compared to other 

students. 
al. (1989); Baard, et 
al. (2004) 

 COMP3  After working at the MBA for a while, I felt pretty 
competent. 

 

 COMP4 The MBA was an activity that I couldn’t do very well.  
Perceived 
Relatedness 

REL1 I have the opportunity to be close to others when I 
participate in the MBA. 

McAuley, et 
al. (1989); Baard,  

 REL2 I feel close to others when I participate in the MBA. et al. (2004) 
 REL3 I feel connected with my classmates when I participate in 

the MBA. 
 

 REL4 I feel really distant to my classmates when I participate 
in the MBA.  

 

 
Technology Acceptance Model (TAM) 
Perceived 
Ease of Use  

PEOU1 My interaction with the MBA is clear and 
understandable. 

Venkatesh, 
et al. (2003) 

 PEOU2 It is easy for me to become skilful at using the MBA.  
 PEOU3 I find the MBA easy to use.   
Perceived 
Usefulness 

PU1 
PU2 

Using the MBA enhances my effectiveness. 
The MBA is useful for my study. 

Venkatesh, 
et al. (2003) 

 PU3 Using the MBA increases my productivity.  
Behavioural  BIU1 I indent to use MBA in the future. Venkatesh, 
Intention to  BIU2 I plan to use MBA in the future. et al. (2003) 
Use BIU3 I predict I would use MBA in the future.  
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