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Abstract — One of the major priorities of education systems 
nowadays is to promote Inquiry-Based Science Learning (IBSL). 
Research has shown that mobile learning can support and 
enhance inquiry-based science learning promoting learning 
achievement and motivation. However, engagement, as a 
consequence of motivation, in the context of mobile-assisted 
inquiry-based science learning, has not been adequately 
investigated. The current study implements a collaborative 
mobile-assisted inquiry-based science learning intervention in the 
context of secondary school science. The study is aiming at 
explaining and predicting student engagement in terms of the 
three motivational concepts of the Self-Determination Theory 
(SDT) of motivation: autonomy, competence and relatedness. 
Data collected for 80 secondary school students and analyzed 
with structural equation modeling. The proposed model explains 
about 63% of the variance in students’ engagement in mobile-
assisted inquiry-based science learning. Perceived autonomy was 
found to be the strongest predictor of engagement, followed by 
perceived relatedness. Based on the research findings, 
implications for practice and suggestions for future studies are 
also discussed. 

Keywords— mobile learning; collaboration; collaborative 
inquiry-based science learning; mobile-assisted inquiry science 
education; motivation; Self-Determination Theory; autonomy; 
engagement

I. INTRODUCTION 
 

Promoting Inquiry-Based Science Learning (IBSL) is a key 
issue in many national educational systems worldwide [1]. 
Collaborative IBSL engages students in an authentic scientific 
discovery process. Students collaboratively formulate 
hypotheses and conduct experiments to test them. This kind of 
investigation enables students to better understand real world 
phenomena and therefore construct knowledge [2].  

 
 
Mobile technologies are particularly suited for supporting 

inquiry-based science learning since they promote learning 

achievement and motivation [3]. There are many previous 
studies on the positive effects of mobile-assisted inquiry-based 
science learning on student motivation and learning 
achievement [4, 5]. 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 [6]. 

This study is about a collaborative mobile-assisted inquiry-
based science learning intervention in the context of secondary 
school science. It aims to explain and predict student 
engagement in terms of the underlying motivational constructs 
of the Self-Determination Theory (SDT) of motivation:  
autonomy, competence and relatedness [7]. 

 
The organization of the study is as follows. The background 

section briefly introduces the Self-Determination Theory of 
motivation, the construct of engagement and the model of the 
inquiry-based science learning. The research model and 
hypothesis section introduces the three hypotheses under 
investigation. The methodology section is about the 
participants, the description of the experiment and the 
instruments used. The data analysis section follows. Finally, 
the conclusions and discussions section presents the study 
results and discusses implications for practice as well as future 
research. 

II. BACKGROUND 
 

A. Self-Determination Theory (SDT)  
 

Self-Determination Theory (SDT) of motivation is a 
theoretically and empirically well-grounded and supported 
theory of motivation [7]. According to the theory, there exist 
two basic types of motivations: extrinsic and intrinsic. 
Extrinsic motivation refers to the type of motivation that is 
based on external rewards or punishments. Intrinsic motivation 
refers to the type of motivation that is based on an interesting 
and pleasant behavior. The theory claims that, in order to 
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support and promote intrinsic motivation, the following basic 
psychological needs should be satisfied: autonomy, 
competence and relatedness. The need for autonomy refers to 
the desire of experiencing a behavior as volitional and self-
regulated. The need for competence refers to the desire of 
experiencing a behavior as being effective. The need for 
relatedness refers to the desire of feeling connected to others.  

SDT has been successfully applied in education [8] and 
technology enhanced learning [9]. Research provides evidence 
that when the basic psychological needs of autonomy, 
competence and relatedness are supported, students are more 
likely to be more autonomously engaged in their studies [10]. 
Raising the satisfaction levels of perceived autonomy, 
competence and relatedness enhances the feelings of intrinsic 
motivation and self-determination [11]. 

 
Moreover, SDT has been successfully applied in the 

context of mobile learning as well [12]. SDT provides an 
appropriate theoretical framework for mobile learning-related 
research; studies have shown that distinguished features of 
mobile learning such as personalization, authenticity and 
collaboration provide connections with the SDT constructs of 
autonomy, competence and relatedness [13]. In a mobile-
assisted learning environment, there are multiple teaching and 
learning strategies that are able to support the basic SDT 
psychological needs:  location and context-awareness [14, 15] 
with adapted and personalized support [16] enhances students’ 
perceived sense of autonomy [17, 18]. Appropriate guidance 
[19] and immediate feedback to students [20], in authentic 
learning environments [21] can support perceived competence. 
Communication [22] and collaboration [23] among learners 
facilitated with social media connectivity support perceived 
relatedness.   
 

B. Engagement  
Engagement is defined as the extent of a student’s active 

involvement in a learning activity [24]. It is a 
multidimensional construct consisted of the following three 
dimensions: behavioral engagement, emotional engagement 
and cognitive engagement [24]. Behavioral engagement is 
defined in terms of attention and participation in class-based 
activities [24]. Emotional engagement is conceptualized as the 
interest and enjoyment while in the learning process [25]. 
Cognitive engagement is defined in terms of deep learning 
strategies, self-regulated learning, and persistence [26]. 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 [27].  

There exists a considerable body of research that has 
separately investigated the aforementioned distinctive 
dimensions of engagement [25].  The current study however, 
addresses engagement as a unique multidimensional construct 
that includes all aforementioned dimensions. 

Even though studies exist providing evidence that 
motivation is not always transformed to engagement [28], 
engagement is usually considered as a consequence of 

motivation [29].   While many studies exist about motivation 
and engagement, there is a need to explore what transforms 
motivation to engagement. Students usually engage in a 
learning task that is perceived as interesting and enjoyable [30] 
with high intrinsic value [31].  

 
The latter provides connections with SDT. Previous studies 

have shown that high levels of perceived autonomy, 
competence and relatedness can reliably predict classroom 
engagement and students’ positive outcomes as well [32, 33]. 
The current study is the first that employs perceived 
autonomy, competence and relatedness from the perspective of 
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 [34], students’ interest and engagement in math 
and science domains follow a descendent trend [35]. 
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 [36].  Nowadays, it is very important to increase 
student engagement in inquiry-based science learning by 
appropriately designing and implementing methodologies 
based on solid theoretical frameworks. 
 

C. Inquiry-based Science Learning  
 
Inquiry-based learning has been defined as an educational 

strategy where students, through active participation and social 
interactions, responsibly discover knowledge by using their 
inquiry skills [37]. 

 
In Inquiry-Based Science Learning (IBSL) students 

explore scientific knowledge performing their own 
investigations like scientists do: they formulate hypotheses and 
test them by conducting experiments and/or making 
observations [2]. It is a process oriented and problem-solving 
activity that consist of different phases. The current study 
adopted the inquiry framework proposed by [2] as the more 
recent framework that emerged from related literature. The 
framework proposes five steps-phases in the inquiry process: 
(i) the orienting and asking questions phase where students are 
introduced to the subject under investigation and start 
performing their initial scientific explorations (ii) the 
hypothesis generation and design phase, where students define 
the problem and what needs to be known generating their 
hypotheses, iii) the planning and investigation phase where 
students design the experiment to address their previously 
stated questions, iv) the analysis and interpretation phase 
where students analyze and interpret the data obtained trying 
to identify patterns, make inferences and provide evidence , 
and v) the conclusion and evaluation phase where students 
find relations, draw and justify conclusions, reflect and reason 
with evidence about the studied phenomenon.  
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Previous studies have examined the effect of mobile 
learning and assessment on students perceived autonomy, 
competence and relatedness [12] and provided evidence about 
the positive impact of mobile learning on student motivation 
[48, 49]. However, more research is needed to examine how 
motivation relates to engagement, in terms of the SDT 
constructs.  

Moreover, previous studies have shown that self-
determination can predict school engagement [50, 43, 32]. 
However, inquiry-based learning is a more challenging and 
demanding activity than traditional learning [51]. 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 [52]. Mobile devices, through their ubiquity and 
context-awareness can provide an optimal autonomy-
supportive environment for inquiry-based learning, where 
students feel in control of their own learning [9]. Students’ 
need for competence is met when they receive appropriate and 
sufficient guidance and positive feedback [15, 16, 53] that 
keep them motivated to continue [54, 55]. 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 [56].   
  

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 [57]. Previous research [58] has shown that the 
autonomous type of motivation better leads to behavioral and 
emotional engagement. Also, autonomous motivation leads to 
cognitive engagement [59]. 

Previous research provided evidence that enhanced student 
engagement is a reliable predictor of academic performance 
[60, 61]. Moreover, higher levels of behavioral and emotional 
engagement leads to better school grades [62] and lower school 
drop-out rates [60]. 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 which in turn can support the increasing 
demand for STEM professionals [34].  

The study findings can provide useful suggestions for 
instructional designers and educators. The study, based on 
SDT, suggests general motivational guidelines (e.g. feedback 
[63, 64], context-awareness [14, 15], peer-communication [22, 
23]) for mobile assisted inquiry-based learning that facilitate 
the transformation of motivation into engagement. Supporting 
the SDT constructs of 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, although statistically valid. Future studies should employ 
larger samples with more diverse backgrounds (e.g. from 
different cultures, different ages and in different courses). Also, 
future studies could consider to separately investigate the 
associations between students’ basic psychological needs 
(competence, relatedness and autonomy) and the individual 
dimensions of engagement (behavioral, emotional, cognitive 
and social). 
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