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INTRODUCTION 

In view of the lingering shortage of engineers in the Western world, it is highly important to both attract candidates to 
undergraduate engineering programmes, and to reduce dropouts among engineering students [1]. The actions taken to 
increase the number of engineering students are wide-ranging and expansive; among them are the development of high-
school science and engineering curricula [2][3], exposure days for high-school students [4][5] and the establishment of 
innovative courses for engineering students [6][7]. 

As nurturing motivation plays a central role in the aforementioned efforts [8][9], studies have characterised academic 
motivation among relevant populations: high-school students majoring in science and engineering [10-12], students 
enrolled in engineering preparatory programmes [13][14] and sophomore and junior engineering students [6][15][16]. 
The study described in this article aimed to add to the existing findings, and focused on the mapping and analysis of the 
factors driving beginning students (first to third semester of study) at two technical universities, Danish and Israeli, 
to study electrical engineering. 

The article opens with a theoretical background which classifies, according to self-determination theory, the main 
motivational factors. The research questions and methodology are then presented. A discussion of the findings concludes 
the article. 

CLASSIFICATION OF MAIN MOTIVATIONAL FACTORS 

One of the common definitions of motivation is the person’s wish to invest resources (i.e. time and effort) in a certain 
activity, even when it involves difficulties or failures. 

Self-determination theory, currently one of the leading motivation theories, positions the factors driving the person to 
participate in a particular activity (herein, motivational factors) on a continuum [17]. 

This spectrum ranges from the pole of perceived control (coercion), characterised by low autonomous motivation that 
does not allow self-actualisation, to the other extreme of perceived autonomy, which is characterised by high 
autonomous motivation permitting self-actualisation [18].  
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The motivational factor with the highest level of perceived control is external regulation (Figure 1). This factor 
expresses the person’s wish to obtain material compensation for the activity, or alternatively, a fear of consequences 
from a failure to complete it. A clear example of this is a student studying engineering out of a fear that if he/she does 
not do so, he/she would be drafted by the military. 

Figure 1: Classification of the four main motivational factors. 

The next motivational factor characterised by a lower level of perceived control (and a higher level of perceived 
autonomy) compared to external regulation is introjected regulation. This factor represents the person’s desire to be 
positively esteemed for finishing the activity, or alternatively, his/her wish to avoid the guilt tied to a failure to complete 
it. A typical example of this is a student studying engineering in order to please his/her family.  

Moving on the continuum towards the pole of perceived autonomy, one comes across the next motivational factor, 
identified regulation. This factor stems from identifying the importance of the activity with regards to the person’s goals 
or the values he/she holds. Thus, for instance, a student who recognises the importance of engineering studies since 
through them he/she obtains an in-demand job in industry is a student driven by identified regulation. It should be noted 
that self-determination theory treats the three motivational factors mentioned above as extrinsic factors. 

On the other extreme of the spectrum is intrinsic motivation, characterised by the highest degree of perceived autonomy 
and originating from the interest and pleasure the person finds in the activity.  

The person’s degree of autonomous motivation is often assessed by the relative autonomy index (RAI) [19]. 
This indicator is defined as a linear combination of the four motivational factors described above, appropriately 
weighted. The index assigns a higher weight in absolute value to a motivational factor when it closes to one of the 
extremes on the spectrum. Additionally, motivational factors with a relatively high level of perceived autonomy are 
assigned a positive weight, while those with a relatively high level of perceived control are assigned a negative weight. 
The indicator is as follows:  

RAI = 3SIntrinsic + SIdentified – SIntrojected – 3SExternal   (1) 

Where: SIntrinsic is the person’s intrinsic motivation score, SIdentified is his/her identified regulation score, and so forth. 
These scores are measured by relevant research tools, as explained later on. 

According to self-determination theory, it is possible to raise the individual’s level of autonomous motivation by 
meeting his/her needs: the need for autonomy - the need to feel that the activity was not imposed on the individual; the 
need for competence - the need to feel that the individual is able to fulfil challenging goals; and finally, the need for 
relatedness - the need to be part of a group [17]. 

RESEARCH GOAL AND QUESTIONS 

The study aimed to map and analyse the motivational factors driving beginning students (first to third semester of study) 
at two technical universities, Danish and Israeli, to study electrical engineering. 

The following research questions were formulated: 

1. What drives Danish freshman students to study electrical engineering? Is there a difference between first- and
second-semester students with regards to their motivational factors?

2. What drives students in their third semester to study electrical engineering? Is there a difference between Danish
and Israeli students with regards to their motivational factors?
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METHODOLOGY 

Participants 

One hundred and twenty-five Danish students from the Technical University of Denmark (DTU), Ballerup, Denmark, 
studying for a BEng degree, participated in the research. Their studies last three and a half years, including a six-month 
internship in industry and a capstone project, usually executed at the same company (Danish or international), where the 
internship takes place. The whole studies are practice-oriented and based on the concept of CDIO [20]. Eighty-seven of 
the DTU’s participants were enrolled in the electronics programme (48 students in their first semester of study and 39 in 
their second semester). The remaining 38 students were enrolled in the electrical energy technology programme (third 
semester of study). 

Additionally, 51 Israeli students from the Technion - Israel Institute of Technology, Haifa, Israel, took part in the study. 
The students were in their third semester of study for a BSc degree in electrical engineering. This four-year programme 
emphasises profound theoretical and practical training in all electrical engineering related fields, including electronics 
and electrical energy technology.  

Procedure and Instruments 

The participants filled out an anonymous questionnaire used to measure their academic motivation. This five level 
Likert-like scale, ranging from strongly disagree to strongly agree, was based on the Self-Regulation Questionnaire - 
Academic [21]. 

The questionnaire was comprised of 20 statements expressing the four motivational factors described above. Thus, with 
regards to the three extrinsic factors, the statement: I am studying electrical engineering because I do not have a choice, 
reflects external regulation; the statement: I am studying electrical engineering because my parents want me to do so, 
expresses introjected regulation; and the statement: I am studying electrical engineering because I think working in 
electrical engineering would be a good job for me, represents identified regulation. An example of a statement reflecting 
intrinsic motivation is: I am studying electrical engineering because I think the studies are interesting. 

The statements were validated by two engineering education experts. Cronbach’s alphas were within a range of 
0.78-0.86, indicating good internal consistency. The data were statistically analysed and the corresponding effect sizes 
(Cohen’s d) were calculated. 

FINDINGS 

Motivational Factors of Danish Students (Freshmen) 

Table 1 presents the RAI (mean M, ranging from -16 to +16, with standard deviation SD) of Danish students in their 
first and second semester of study. It arises that among both groups, the mean value of the index is above the third 
quartile. A t-test indicates that there is no significant difference between the two groups (p > 0.05), and the gap between 
them (favouring the latter) is characterised by a small effect size (d = 0.21). 

Table 1: Relative autonomy index (DTU - freshmen). 

Semester N M SD 
1 48 9.25 3.76 
2 39 9.96 2.93 

Table 2 displays the scores given to the various motivational factors and the corresponding effect sizes. According to 
t-tests, there is no significant difference between the two groups in any of the factors (p > 0.05). MANOVA was not 
performed here since the motivational factors are highly correlated [6]. The differences between the groups are 
accompanied by small effect sizes. 

Table 2: Motivational factor scores (DTU - freshmen).

Motivation Regulation Semester M SD d 

Intrinsic 1 4.22 0.61 0.10 2 4.28 0.63 

Extrinsic 

Identified 1 3.43 0.52 -0.332 3.25 0.59 

Introjected 1 1.71 0.57 -0.202 1.60 0.55 

External 1 1.71 0.71 -0.312 1.51 0.57 
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Figure 2: Mean motivational factor scores (DTU - freshmen). 

Figure 2 shows the mean score (ranging between 1 and 5) of each of the four motivational factors for Danish freshman 
students (first and second semester of study). It is evident that among both groups of students, the intrinsic motivation 
score is the highest and the identified regulation score is in second place. The scores assigned to these factors are much 
higher than the scores given to introjected regulation and external regulation. 

Motivational Factors of Danish and Israeli Students (Third Semester of Study) 

Table 3 displays the RAI of Danish and Israeli students in their third semester of study. Among both groups, the mean 
value of the index is slightly under the third quartile. A t-test indicates that there is no significant difference between 
the two groups (p > 0.05), and the gap between them (favouring the former) is characterised by a small effect size 
(d = -0.12). 

Table 3: Relative autonomy index (third semester of study). 

University N M SD 
DTU 38 7.67 3.89 
Technion 51 7.27 2.97 

Figure 3 shows the mean score of the four motivational factors among Danish and Israeli students (third semester of 
study). In both groups, the intrinsic motivation score is the highest, the identified regulation score is in second place, 
close to the first and higher than the scores assigned to introjected regulation and external regulation. 

Figure 3: Mean motivational factor scores (third semester of study). 

Table 4 presents the scores given to the various factors and the corresponding effect sizes; t-tests indicate that there is no 
significant difference between the two groups in any of the factors (p > 0.05). The gaps between the groups are 
accompanied by small effect sizes. 
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Table 4: Motivational factor scores (third semester of study). 

Motivation Regulation University M SD d 

Intrinsic DTU 3.80 0.69 -0.23 Technion 3.64 0.68 

Extrinsic 

Identified DTU 3.49 0.49 -0.04Technion 3.47 0.69 

Introjected DTU 1.76 0.63 0.33Technion 1.99 0.74 

External DTU 1.82 0.68 -0.17Technion 1.71 0.66 

DISCUSSION AND CONCLUSIONS 

The study shows that beginning students of electrical engineering are characterised by a relatively high RAI and that 
they are mostly driven by intrinsic motivation and identified regulation, regardless of their semester of study (first, 
second or third). Therefore, the students’ level of autonomous motivation is high, and interest in studying engineering 
and recognition of the value inherent to the studies are the primary motivational factors of these students.  

Additionally, it has been found that despite the differences between Danish and Israeli students and their programmes, 
their motivational factors are very similar. It is also worth noting that the distribution of motivational factors identified 
here is similar to that of junior electrical engineering students in Israel [16].  

In order to further increase the students’ level of autonomous motivation, it recommended to consider the following 
actions: allowing students to select a task out of a given set of tasks (meeting students’ need for autonomy), solving 
challenging - yet not too challenging - problems (fulfilling the need for competence), and incorporating real world 
scenarios into the curriculum (meeting the need for relatedness) [22][23]. 

The study had two main limitations: a relatively small number of participants and the fact that only three programmes 
were investigated. However, the authors believe that even a study with this scope has both theoretical and practical 
contributions.  

The theoretical contribution is in the analysis of the motivation towards electrical engineering studies among beginning 
students in Denmark and Israel. To the best of the authors’ knowledge, such analysis was performed here for the first 
time. The study’s practical contribution may be reflected in the implementation of its findings in order to reinforce 
autonomous motivation among beginning students of engineering. These contributions are further validated in view of 
the on-going shortage of engineers [1] and the primary role academic motivation fulfils in reducing dropout rates among 
students [8]. 
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