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Abstract—A capacity for self-regulated learning (SRL) has long been rec-
ognised as an important factor in successful studies. Although educational re-
searchers have started to investigate the concept of SRL in the context of online 
education, very little is yet known about SRL in relation to massive open online 
courses (MOOCs) or of appropriate strategies to foster SRL skills in MOOC 
learners. Self-regulation is particularly important in a MOOC-based study, 
which demands effective independent learning, and where widely acknowl-
edged high dropout rates are observed. This study reports an investigation and 
assessment of the concept of SRL using a novel MOOC platform (eLDa) by 
providing study options (either via a self-directed learning or instructor-led 
learning) using a novel learning tool. In view of this, the research presents gen-
eral description of self-regulated learning and explored the various existing di-
mensions used to expose the learners SRL skills. Drawing comparison of the 
online tool, the results and findings of the data were analysed. The study dis-
cusses how the various dimensions contributed to the knowledge representation 
of the self-regulated learning abilities shown by the learners. We present how 
these SRL dimensions captured using the measuring instrument contributes to 
our growing understanding of the distinctive features of the individual learner’s 
self-regulated learning. MOOCs success required a high performance of self-
regulated learning abilities which at the moment very little has shown these de-
gree of supporting SRL skills. This paper presents preliminary evaluation of a 
novel e-learning tool known, as ‘eLDa’ developed to implement this investi-
gation of self-regulation of learning. The research applied a modified online 
self-regulated learning questionnaire (OSLQ) as the instrument to measure the 
SRL skills. The modified questionnaire known as MOOC OSLQ (MOSLQ) was 
developed with a 19-item scale questions that exposes the six SRL dimensions 
used in this study.  

Keywords—self-regulated learning, self-directed learning, instructor-led learn-
ing, learning patterns, learning modes, MOOCs 
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1 Introduction 

Online education systems such as massive open online courses (MOOCs) with an 
open environment have grown around the globe and have been broadcasted widely. 
Nonetheless, many participants who registered for these courses are not completing 
and thus it led to the high dropout rates publicised in papers and the media. The low 
accomplishment rates of less than 15% completion rates have been recognised as one 
of the main difficulties within MOOCs [1]. MOOC participants represent large online 
learning community with distinct motivational interest. Research shows that one of 
the causes of the low completion rate in MOOC could be due to the lack of motivation 
and procrastination within the learners to self-regulate and engage consistently with 
the course [2]. It has been known that learners who exhibit the ability to self-regulate 
their learning perform better academically as compared to learners with non or mini-
mal self-regulated learning skills [3, 4]. This research described the self-regulated 
learning ability identified among different learners’ modes of study. The two main 
modes are: self-directed and Instructor-led modes. The study focuses on examining 
and investigating whether there exists better performance of self-regulated learning 
strategies among the learners from related study mode. In order to investigate the self-
regulated learning dimensions, a novel ‘eLDa’ tool was developed to deliver a course 
in ‘Python programming, computing concepts and how to teach computing in 
schools’. This study introduces this novel approach of learning which aims to allow 
learners to actively study in their own chosen path, and also providing the framework 
of an instructional direction to support participants in order to set-goals and to gain 
access to materials suitable for their own needs.  

We predict equal and associated higher or lower SRL skills among the participants, 
because of the fact that most of our learners are highly educated, professionals, gradu-
ates and undergraduates in their different and similar levels. However, that is not the 
case with this study, our investigation reveals some aspects of low self-regulators 
observed in some dimensions including help-seeking and task strategies. This demon-
strates that even learners of higher educational background may not be able to fulfill 
all the requirements necessary to be (or of been) called a high self-regulator and may 
need to improve in some of the strategies (or dimensions) lacking. This research is of 
imperative and impeccable value to the establishment and encouragement of self-
regulated learning in MOOCs and also on the evaluation of the learners’ cognitive 
ability in developing these skills. 

The paper is organised as follows, firstly a review of background of self-regulated 
learning. Secondly, we present a discussion of the various research methods applied in 
the research. Thirdly, we present preliminary results from our findings. Finally, we 
then present the research discussion and contribution, the conclusion and further di-
rection. 
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2 Related review 

2.1 Background of self-regulated learning 

At one point or the other we have all observed self-regulated learning during our 
studies and careers. According to Barnard-Brak et al. [4], self-regulated learning re-
fers to volitional behaviours on individual learners part to succeed in their learning. 
Those behaviours include but not limited to the following: setting up study goals (goal 
setting), strategising effective way of solving the task given (task strategies), planning 
an effective managing study time (time management), deciding on location of study to 
acquire optimum benefit with low distractions (environment structuring), requesting 
for assistance from peers and tutors in providing help in area of concern (help seek-
ing) and lastly self-reflection on personal studies to evaluate the goals achieved (self-
evaluation). SRL allows learners to approach educational tasks with confidence, dili-
gence and in a resourceful manner [5, 6]. Zimmerman explains that self-regulated 
(SR) learners are knowledgeable and aware of when they are confident on a particular 
fact and when they posses the skills to resolve the task successfully and also they are 
aware of when they cannot [7]. On the other hand, unlike passive learners, SR stu-
dents or learners are known to be proactive seeking out the necessary information 
needed, and then further develop personal steps to master it. These SRL learners al-
ways find a way out of any difficult situation (or obstacle) during their studies and 
learning processes in order to succeed. In a similar way, SR learners view learning 
acquisition as a systematic and controllable learning process. The learners accept 
responsibility for their outcomes and attainment [8, 9, 10]. SR learners are known to 
be self-starters with extraordinary confident, they are highly persistent during their 
studies. They choose environments that will help them optimize their learning ap-
proach [9, 11, 12]. SR learners seek sufficient information and advice on environment 
they are most likely to concentrate and learn effectively. According to some studies, 
SR learners self-direct their knowledge acquisition and self-reinforce during perfor-
mance enactments [13,14]. 

When defining SRL, it is imperative to distinguish it from self-regulation processes 
such as self-efficacy and dimensions (or strategies) which were created to optimize 
the processes, such as intermediate goal setting, task strategies, time management, 
environment structuring, help-seeking and self-evaluation as adapted for this study [2, 
3].  In another definition, SRL is defined as a self-oriented feedback loop [15, 16].  
This loop involves a cyclic process which allows the students to monitor the effec-
tiveness of their learning strategies and react to the feedback in a variety of ways, 
such as changing their self-perception in order to alter their learning behaviour strate-
gies [6]. Although this involves the learners showing proactive effort and be vigilant 
in allocating enough time in preparation in order to initiate control and self-regulate 
their learning [17]. McCombs view was different, as they view learners as being mo-
tivated by an excellent ‘sense of self-esteem or self-actualisation’ [18]. Other theorist 
such as self-efficacy, achievement success and cognitive equilibrium favours motives 
of self-regulated learning [7, 19, 20]. Self regulated learners self-initiate personal 
activities in order to promote self-observation, self-evaluation, reflexivity in learning, 
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and improvement which could be seen in practice sessions, specialty training and 
competitive activities  [9]. Bandura described the ability of the learners to set higher 
learning goals for themselves after they have achieved initial goals, shows that they 
possess the quality of self-motivation [21], in a similar theory, Csikszentmihalyi ad-
duced that an enjoyable experience encourages people to continue to engage in an 
activity ‘even at a greater expense of doing it’ [22].  

SRL involves proactive efforts to seek benefits from the learning process. In this 
case, the learners are not only self-directed in a metacognitive manner, but also are 
self-motivated by using integrated skills of self-regulations [23]. In summary, self-
regulated learning has been categorized into three main features: (a) the learners use 
of self-regulated learning strategies or dimensions, (b) the learners responsiveness to 
self-oriented feedback on learning effectiveness, and (c) the learners independent 
motivational strategies which were used to achieve desired academic outcomes by 
incorporating responses of learning effectiveness and SRL skills  [10]. 

3 Methodology 

3.1 Overarching research methodology and processes 

This study uses design science research methodology as the overarching research 
methods [24]. This is a paradigm centred on the development and evaluation of an 
artefact to address a precise problem domain. The data processes used a combination 
of mixed methods of qualitative and quantitative methods. The data collection process 
in the study was done using questionnaires created with an adopted instrument [2, 3]. 
The data was further analysed using statistical analysis after the coding and categori-
sation of the 19-item questions into six SRL strategies (or dimensions). The conceptu-
al framework and the processes of the research methods are illustrated in Fig. 1. 

3.2 The eLDa tool 

Research has shown that learners with good knowledge on how to self-regulate 
their studies perform better than those with less ability to do so [9, 25, 26]. It has been 
observed that the use of self-regulated learning ability is distinctive to the learner. 
Although many SRL abilities such as goal setting and task strategies are constructed 
by the learners to suit their needs. The learning mode and direction chosen by the 
learners are to help them obtain optimum benefit from the online course. A novel 
platform, known as ‘eLDa’, was created to explore the approach and analyse the ef-
fects of novel features in order to encourage motivation, support and to foster self-
regulation of learning. eLDa is implemented in Wordpress content management sys-
tem (CMS) with plugins to support the novel features which allows the learners to 
chose their route to follow in the course in order to attain their own learning objec-
tives or follow the directed path led by the instructor in order for the learners to 
achieve the course goals. The choice of Wordpress as CMS is imperative as it allows 
us to build a learning platform to support learners’ chosen routes and to meet our 
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research objectives. This platform supports two basic modes of learning: self-directed 
and instructor-led in which a recommended prerequisite order of lessons helps to 
cover the full course curriculum [27]. Fig. 2 presents the interface of the Computing 
concepts and Python programming course in this study. 

 
Fig. 1. Conceptual framework of the research methodology 

 
Fig. 2. Visualisation of the course platform 

8 http://www.i-jep.org



Paper—Assessing Self-Regulation of Learning Dimensions in a Stand-alone MOOC Platform 

 

Participants: This study consists of a total of 107 registered participants at the 
beginning of the online course. Of the enrolled learners in this course, 45% (n=48) 
have indicated interest by engaging at least once during and after registration. How-
ever, only 27 active participants engaged with the course pre-entry survey. Out of this 
active participants, 59% identified themselves as male (n=16) while 41% identified as 
female (n =11). 

For the self-regulated learning survey questions constructed using the MOSLQ in-
strument, only a small sample size of 11 learners out of the active 27 participants 
completed the survey questions used in these research findings.  

Data collection processes: The data collection process was carried out using an 
adopted instrument known as MOOC online self-regulated learning questionnaire 
(MOSLQ), which was used for measuring self-regulated learning dimensions [2, 3]. A 
19-item scale with 5-point Likert-type response format which constituted values rang-
ing from 5-strongly agree to 1-strongly disagree, was applied to collect learners’ re-
sponses in order for the study to be able to evaluate and answer the research ques-
tions. The MOSLQ was conducted using existing dimensions such as: goal settings 
(GS), task strategies (TS), time management (TM), environment structuring (ES), 
help seeking (HS), and self-evaluation (SE). Table 1 shows the 19-item MOSLQ 
instrument questions used for measuring this study. 

Table 1.  MOSLQ survey question 

GSQ1 I know what I am going to achieve in this course 
GSQ2 I have set aside time to study the course 
GSQ3 I have high standards for my work on this course 
GSQ4 I have set targets for all I want to achieve in this course 
GSQ5 I do not see my engagement in the course as less important solely because it is an online 

course 
GSQ6 I have written down the goals I plan to achieve by the end of this course 
TSQ1 I work strategically to prioritise tasks to help me achieve my learning goals 
TSQ2 I prepare for my online study by reading the suggested background learning materials 

beforehand 
TSQ3 I set out my study agenda before engaging with the online resources 
TSQ4 I am prepared to tackle any challenging aspects of the work in this course 
TMQ1 I have planned ahead in order to devote the necessary time to my online studies 
TMQ2 I find a good time to study when I won’t be distracted 
ESQ1 I choose my study location in order to avoid distractions 
ESQ2 I find a comfortable place to study 
ESQ3 I choose an appropriate place to work in order to study effectively 
HSQ1 I plan to use the interactive communication channels provided to gain support from peers 

and tutors 
HSQ2 I plan to participate in the course discussion forums in order to get the most out of the 

course 
SEQ1 While engaging in this course, I will reflect on my study in each module 
SEQ2 I will be proactive in engaging and reviewing progress in the learning path I select 
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Procedure: The MOSLQ was administered online to a population sample of 45% 
(n= 48) participants who have engaged with the course at least once after registration. 
Within these participants about 56% (n=27) were active in the course and have re-
sponded to the entry survey questions. In this study, 23% (n =11) responded to the 
MOSLQ for which most of the SRL dimensions results in this study were based on. 
However, this study when applied (to a large) in a large-scale population sample 
could provide significant results. After the data were collected, some of the items 
were coded and adapted for the research benefits. The questions in the measuring 
instrument were modified to suit the research objectives. The participants were as-
sured their responses will be anonymous and in confidence. The data were imported 
from eLDa platform into Microsoft Excel application and then imported to SPSS 
(v.22.0). The Excel data were converted to comma separated values (csv) file and 
imported to R-Studio were further analyses was performed in order to compare the 
results with the SPSS analysis. 

Data analysis: Analysis was performed using Statistical analysis. Descriptive 
evaluation of the data was done using the Statistical Package for the Social Sciences 
(SPSS) tool. The tool was used to evaluate the learners’ responses in order to investi-
gate individual self-regulated learning strategies and also identify the level of self-
regulated learning amongst the participants. This analysis helped to reveal areas of 
SRL dimensions that need improving. Analyses were performed with the average 
score of the SRL dimensions. 

4 Results 

The results indicate better high self-regulated learning skills among learners that 
chose the path of a self-directed learning as compared to those that followed instruc-
tor-led mode of study. Following the responses from the 19-item statements that made 
the MOOC online self-regulated learning questionnaire (MOSLQ), we present learn-
ers associated and different pattern of self-regulated learning skills (as seen in Fig. 3). 
The discussion and contribution session demonstrates the results interpretation. The 
individual SRL skills were addressed and levels of each learners SRL skills were 
identified. 

4.1 Visualisation of learning preferences 

Fig. 4 shows profiles of learners’ preferred mode of learning including: interactive 
learning, collaborative learning, instructor-led learning and self-directed learning 
respectively. The learning profiles were created by using the frequency of respond-
ents’ preferences from the survey questions. The question, which in-formed the 
knowledge of these preferences, is thus: ‘what kind of online course delivery do you 
prefer?’. The learners can choose more than one option. Fig. 4 presents some interest-
ing results which suggest areas of further exploration. The profile of learners prefer-
ring interacting learning reveals over 35%, the second highest preference though very 
close call was the self-directed learning, which shows approximately 31%. The last 
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Fig. 3. Visualisation of associated responses from participants 

two were instructor-led learning with 19% and collaborative learning preferences 
have the least with 15%. Research has shown that collaborative learning is a vital 
aspect of learning in a MOOC system. These collaborative learning patterns facilitate 
sharing of knowledge and collaboration between learners of similar learning styles 
[28]. However this study observed low-level of this learning habit as compared to the 
others. Interactive learning has been said to be in existence in the early MOOC sys-
tems, which mostly have been discussed in xMOOCs primarily centred around the 
learner’s interaction with the course content and essentially “adopting a behaviourist 
learning approach” and in cMOOCs in the area of social media and interacting with 
peers in a connectivist learning approach [29]. This was calculated based on the num-
ber of responses received. This analysis demonstrates the level of course engagement 
and preference for which effective participation could be sort. The interactive learning 
could be in the form of discussion forums, social media, private messages, quizzes, 
practical exercises and feedback surveys. Most of these features were incorporated in 
the eLDa platform using compatible Wordpress plugins to support and motivate learn-
ing. The learners also appear to self-direct their learning process, which correspond to 
the result from the SRL results section.  
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Fig. 4. Learners preferred mode of learning 

4.2 Categorising SRL dimensions  

We are categorising the average SRL dimensions of the learners from the two 
modes: self-directed and instructor-led modes. During the data collection process 
using the course entry survey, there are four options: (1) self-directed learning (2) 
instructor-led (3) Both modes and (4) undecided. In the survey response, three learn-
ers preferred the self-directed route of study, two learners preferred the instructor-led 
route, three learners again preferred both self-directed mode and instructor-led mode 
of learning and finally two learners again undecided on which route to follow during 
their choices of learning. In order for us to categorise the learners and to be able to 
obtain substantial data in the two main modes in this paper, we decided to group the 
modes into two major modes. We grouped the learners who preferred self-directed 
and both-self-directed and instructor-led modes of study into ‘self-directed’ category 
and learners who preferred instructor-led modes and those who are undecided into 
‘instructor-led’ category. This classification was done in accordance to satisfying the 
requirement of one of our research questions as follows: 

4.3 Research Questions 

1. What levels of self-regulated learning (SRL) skills are demonstrated within a di-
verse MOOC learner group and are there particular areas of weakness which 
MOOCs should seek to improve? 

2. To what extent do learners choose to direct their own path as opposed to following 
a guided course? 
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4.4 Self-directed learning 

The results show that within the various dimensions of goal setting (GS), task 
strategies (TS), time management (TM), environment structuring (ES), help seeking 
(HS) and self-evaluation (SE). The level of self-regulators in these categories varies 
from learner to learner. The study approximate the calculated averages of the catego-
rised dimensions into two decimal digits as seen in Table 2 and Table 3. The reason 
for this is to be able to identify the level of competency, in order to help us identify 
high and low self-regulators. In this study we decided to classify learners who score 
an average below 3.50 to be low self-regulators and learners with an average score of 
3.50 and above to be high self-regulators (this is due to our sample size and to help 
with the interpretation of the results better). For example the average score of the SRL 
dimensions for ‘learner 2’ in self-directed learning mode shows high level of self-
regulated learning ability in most of the dimensions except one. This indicates that 
learner 2 is a competent high self-regulator in all the dimensions and need to improve 
in help seeking ability as shown in Table 2. The implication of this shows that MOOC 
ability for a one-size-fits-all approach might not be fully suitable to all the learners 
using the idea of self-regulated learning habits. These learners choose to direct their 
learning, depending solely on their own ability and show low ability to interact or 
seek for help from other learners. Comparing this finding with other related studies 
show that some learners in a MOOC pattern of learning will prefer to study alone by 
themselves. Following the observation from the average column of the self-directed 
Learning (Table 2), the results indicate the earlier point and we can categorise learners 
2 and 7 to be high self-regulators as their average scores of the six dimensions were 
3.50 and above. The results in this mode of study also revealed learners 1, 3, 4, 5 and 
6 to be low self-regulators. However, the learners in this study show some abilities 
and improvement in individual SRL dimensions. For example learner 1 scored high 
SRL skills in SE dimensions with 4.00, likewise learner 3 who also scored a high 4.50 
in SE dimension. Learner 4 scored high SRL in TS and SE skills.  Assessing the indi-
vidual dimension basis,  ‘Learner 5’ scored high SRL skills in GS with score of 3.50, 
TM with 4.00, ES with 4.00 and SE with 4.00. However, this learner overall is classi-
fied as a low self-regulators, even with this individual high scores and limitation ob-
served in HS which is 2.00 and TS which was 2.50, on a final note learner 6 also had 
high TM skills (as seen in the Table 2). 

Table 2.  Shows high and low self-regulators in the self-directed mode using the average scores 

 GS TS TM ES HS SE Average 
Learner 1 3.33 2.75 2.50 3.00 2.00 4.00 2.93 
Learner 2 4.67 3.75 5.00 5.00 2.00 4.50 4.15 
Learner 3 3.00 3.25 3.00 3.67 2.00 4.50 3.24 
Learner 4 3.33 3.50 3.00 3.33 2.00 5.00 3.36 
Learner 5 3.50 2.50 4.00 4.00 2.00 4.00 3.33 
Learner 6 3.00 2.25 3.50 3.33 1.00 3.00 2.68 
Learner 7 3.67 3.00 3.50 4.00 3.50 4.00 3.61 
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4.5 Instructor-led learning 

The results from the instructor-led learning indicated that there are no high self-
regulators as all the learners score an average below 3.50 (seen in Table 3). This result 
indicated that learner 8, 9, 10 and 11 are low self-regulators. The full curve is illus-
trated and represented graphically in Fig. 5. However, the learners performed very 
high in some individual dimensions, for example learner 8 on GS and TM score 3.50 
each which is classified as high SRL dimension skills, in SE score 4.00 which is also 
classified as a high SRL skills in this study. Learner 9 scored very high SE skills with 
4.00. On the other hand learner 10 scored 4.00 on both ES and SE dimensions which 
is also considered as high SRL skills in these categories. Finally profiling learner 11 
shows 3.75 score in TS, 3.50 in both TM and SE and a high 4.00 score in ES. The 
result reveals that these four learners in this instructor-led mode of study performed 
very high in self-evaluation skills. Therefore we can argue that they are high self-
regulators in the SE category as seen in Fig. 3. However overall these learners who 
followed the instructor-led route of study are all classified as low self-regulators due 
to the fact that their average scores were below 3.50 as demonstrated in Table 3. 

Table 3.  Indicate high and low self-regulators in instructor-led mode using the average scores 

 GS TS TM ES HS SE Average 
Learner 8 3.50 2.75 3.50 3.33 3.00 4.00 3.35 
Learner 9 2.83 2.50 3.00 2.67 3.00 4.00 3.00 
Learner 10 3.00 2.75 3.00 4.00 2.00 4.00 3.13 
Learner 11 3.00 3.75 3.50 4.00 3.00 3.50 3.46 

 
Fig. 5. Overall average score of learners from the six dimensions 
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Fig. 6 demonstrates the six SRL dimensions used in this study, the various modes 
and average scores obtained from each. 

Fig. 7 illustrates the direction of the responses received from the learners. The 
analysis shows no uniform direction and this correlate with our initial discussion 
about the unique identity brought into the platform by the individual learners in this 
study which showcase their individuality and also helped them taking control of their 
studies. The results show discrepancy in the 19-item that made the MOSLQ in order 
to obtain the learners’ SRL skills. 

 
Fig. 6. Learners average SRL dimension Levels and modes of study 

 
Fig. 7. Responses from the MOSLQ based on the dimensional categories 
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5 Discussion 

Koohang and Paliszkiewicz argued that e-learning courses promote autonomous 
active learning activities constructed by the learners to enhance their knowledge [30]. 
This study investigated learners taking the initiative to control their learning and also 
how the novel platform tool has supported the learners in making informed choices 
towards directing their learning paths. The tool was able to foster the SRL skills by 
way of making effective use of features to support the modes of learning. Self-
directed opportunities were offered to learners as well as guided opportunities which 
were led by the instructor. The main purpose of the instructor-led approach is to in-
troduce lesson prerequisites that will lead the learners to specific (navigation) link 
containing resources which are associated to their current lesson of study. Although 
the tool allows flexibility of learning paths, learners are not forced to comply with the 
prerequisites. They can at any time switch mode of study for which they felt is suita-
ble to the course content they were engaging with at that moment. The learners them-
selves decide the two main routes of study and they are free to change from one route 
to another with the support of the features introduced in the eLDa tool. Some studies 
show that appreciating new features in learning tools could be seen from the perspec-
tives of different learners, as not all learners welcome changes in their routine e-
learning environment irrespective of the benefits [31, 32]. 

5.1 Interpretation of results 

Fig. 3 shows the learners ability of self-regulated learning. The study tried to iden-
tify the similarities and differences within the various dimensions as indicated by the 
learners. The following strategies expose the closely related responses as observed 
from the learners and how these were identified from the chosen categories which 
form the six dimensions in this study. We present interpretation of the six SRL di-
mensions in relation to the individual responses as follows: 

Goal setting (GS): Goal setting is the process whereby the learners set specific 
task goals and planned towards achieving them. In our study we observed that learn-
ers 1, 4, 7, 9 and 10 are closely related in terms of their goal setting abilities with 
higher GS skills while the other group of learners 2, 3, 5, 6, 8 and 11 are closely relat-
ed in their own respect with lower GS skills. However, both learners categories are 
different in their responses. The results shows that the first group are more better in 
their goal setting abilities as compare to the second group as seen in Fig. 3. 

Task strategies (TS): Task strategies, as a vital aspect of SRL is the ability of the 
learners to plan and strategise how to achieve their set goals. The study shows that 
learners 2 and 8 are closely related in their task strategy ability. Learners 1, 3, 4, 5 7, 
9, and 10 are similar in their task strategies with slightly high TS skills, while learners 
6 and 11 are associated in their task strategies and show higher TS abilities as com-
pare with others (as seen in Fig. 3). These results show how different learners individ-
ually planned towards executing a task. Therefore if given a task, this indicates that 
similar results will be observed at the end of the task and learners would be able to 
achieve their set goals in a similar way. 

16 http://www.i-jep.org



Paper—Assessing Self-Regulation of Learning Dimensions in a Stand-alone MOOC Platform 

 

Time management (TM): Time management is another significant dimension 
which involves the ability or the skills of time management during study. Our re-
search indicates that learner 9 has the highest time management ability amongst all 
the learners. While learners 1, 4, 7 and 11 are closely associated with slightly higher 
TM skills and finally learners 2, 3, 5, 6, 8, 10 also had closely related patterns in a low 
TM skills (as seen in Fig. 3). Time management has been known to be an important 
factor for online learning, because it helps learners to progress faster in their learning.  
Therefore in order for any learner to be able to keep up with the pace of the learning, 
effective time management skills must be develop as the courses are delivered either 
weekly or fortnightly. 

Environment structuring (ES): Environment structuring is an imperative di-
mension in learning especially in an online or virtual environment. This is the ability 
of the learners to decide a suitable location for their studies in order to avoid distrac-
tions. Most learners in this study and similar studies conducted in the past said the 
preferred a very quiet environment either online or during an orthodox learning. Our 
results indicate similar learning patterns within two groups of associated learning 
style. Our investigation revealed learners 1, 3, and 6 showing related low ES skills 
while learners 2, 4, 5, 7, 8,9, 10, and 11 all show associated learning habits with high-
er ES skills in the category (as seen in Fig. 3). 

Help seeking (HS): Help seeking is the ability of the learners to request for help 
in areas they have concern while studying online, either in forums or private messages 
to tutor. Nowadays, one of the most discussed components in MOOC today is the 
ability to collaborate and interact while learning which are all aspects of discussion 
forum. Our study shows that most of the learners preferred interactive, independent 
and self-directed learning typically on their own time and looking up solutions by 
themselves and at their own pace by researching the web. This aspect of individual 
self-study style has led to the low help seeking skills as reflected in our study. The 
result shows low help seeking skills in all the learners, however slightly improve HS 
skills in learners 1, 3, 10 and 11 (as seen in Fig. 3). In this dimension the scores are 
different in most of the cases. 

Self-evaluation (SE): Self-evaluation is the process of the learner reflecting on 
their studies in order to understand areas they have achieved their set goals and where 
they have not that need revising for the future. Our results as shown in Fig. 3 illus-
trates a greater improvement in this area. This indicated learner 5 and 6 have the high-
est level of self-evaluated skills in the category. Learners 2, 3, 8 and 9 have similar 
levels and slightly high SE skills. Finally, learners 1, 4, 7, 10 and 11 are closely relat-
ed in their self-evaluation, which reveals lower SE skills (as seen in Fig. 3). Personal 
reflection is of paramount as this enables the learners to understand the areas the need 
to put in more effort in order to improve in their SRL skills.  

The main objective of this study is to understand the SRL strategies in self-directed 
learning routes and the instructor-led routes. This study also revealed that results were 
emerging from learners who have decided to switch between both modes. Thus, they 
are refer to ‘learners that preferred both modes’ of learning. These new findings will 
be further explored in the future. 
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6 Conclusion and Future Work 

Although the results presented here are from a small population sample, they indi-
cate SRL dimensions from the two main modes of learning in this study: self-directed 
modes and instructor-led modes. At the beginning of the course, the learners are given 
the options of two routes (self-directed and instructor-led) to follow in order to engage 
effectively with the course. When learners opted for the self-directed routes, they 
study the resources as they preferred and have the autonomy to move from one lesson 
content to another without following the prerequisites suggested [33]. But if the learn-
ers opted for the instructor-led routes, they are guided in an instructional manner with 
support from the lesson prerequisites. The lesson prerequisites in this case motivate 
the learners to build personal and decisive SRL skills while been led to study in a 
linear way. Our results indicate two distinct representation of the individual profile of 
self-regulated learning from the analysed sample: high self-regulators and low self-
regulators. The results revealed that the competent self-regulators as observed mostly 
within the self-directed learning, show high level of self-regulated strategies in their 
responses with few strategies to improve. But for the low self-regulators, these learn-
ers need to improve in their self-regulated learning strategies, as most of their re-
sponses fell into the negative scale. The results also indicated the individuality of the 
SRL dimensions observed from the learners, which reveals the different paths that 
most of the learners wish to follow in their study. 

 In summary, we define success as not the level of participants who completed the 
course, but the learners meeting their expectations. A study has shown that some 
issues of low completion rates in MOOC might not be because the learners are not 
motivated to participate, but as some of the learners are engaging with the course at 
their own pace [34]. In this new innovative learning platform (known as ’eLDa’), 
completion rate was measured in relation to the learners achieving their learning 
goals. Further investigation of these results will be conducted in order to explore new 
investigation with a blended module ran within the eLDa platform tool. 
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Abstract—The inclusion of ethics education in engineering courses has 
been recognized as fundamental. However, in Portugal this training component 
is present only in a small number of courses. Teachers are mainly responsible 
for building the curriculum, but students are the ones most affected by this ab-
sence of ethics education. In this context it is necessary and important to under-
stand students´ perspective, because their role is vital in the curriculum con-
struction´s success. It is in this framework that this investigation listened to en-
gineering students' voice as a factor to consider in the rethinking of engineering 
course curriculum in the ethics education area.  This study highlights the con-
cept that students have of engineering action, their perspective about the possi-
bility of their courses to include ethics training and its practical implementation. 
This research is part of a case study and research-action. The results indicate 
that students are very receptive to this training component, and they consider 
that it should be included as mandatory in engineering courses. The results also 
show that students prefer a more practical training with ‘prescription’ character-
istics and that their perspective of engineering action consequences is very lim-
ited. These results reinforce the need for ethics education that promotes a wide 
scope critical reflection. 

Keywords—ethics education, engineering education, engineering conception, 
students’ voice    

1 Introduction 

In the contemporary context, according to [1], engineering is probably the profes-
sional activity with the greatest impact on society. In fact, the presence of engineers’ 
action is so incorporated into the day-to-day, that society has become dependent on 
engineering, without really being aware of its action. Even though, engineering fos-
ters action, progress and well-being, but it also involves a dangerous and even life 
threatening side. 

It becomes evident that the technical knowledge that engineers receive as part of 
their course is "powerful" [2], but raises the question of how this knowledge is being 
used [3]. It is not enough to provide the tools, it is also necessary to teach them how 
to use them for the common good [3]. For such, several authors and organizations 
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consider essential promoting ethical education and reflection, developing a more 
accurate view of how engineering can responsibly fulfill their commitment to society 
[1]. 

1.1 Presence of ethics education in the Portuguese engineering course 
curriculum 

The foregoing is a clear indicator of the need to include ethics education in engi-
neering courses. However, parting from the study in [4], in Portugal the presence of 
ethics and civic education in the engineering course curriculum is still low (22% of 
the courses have compulsory curricular units incorporating ethics education, but only 
in 7.6% of the courses it is incorporate as a compulsory curricular unit completely 
dedicated to the ethics education component). This data seems to indicate that higher 
education institutions, which teach engineering courses, do not give enough im-
portance to ethics education to integrate this training into their course curriculum. 

To understand the low presence of ethics education in engineering courses, despite 
the many (international and national) recommendations, it is therefore important to 
analyze ‘why’ the curriculum settings incorporate or not this training component. 
Such decisions are rooted in different perspectives and concepts that underlie the 
diversity in curriculum options. 

It is necessary to take into account that historically engineering was considered 
neutral from an ethical point of view, therefore engineers didn’t need an ethical and 
moral education [3]. This assumption was grounded in engineering conception as a 
technical action tool, as such without relevant social intervention. 

However, this engineering conception didn’t take into account the influence of en-
gineering in society, neither regard their role in the humanity welfare development, 
and its negative effects (namely environmental). Thus, time has shown that engineer-
ing is not neutral, and that the engineer is a strong actor with social, political and 
environmental intervention. Nonetheless, this evidence is not yet reflected in the ethi-
cal education in most engineering course curriculums in Portugal [4]. 

On the other hand, some teachers argue that it is not necessary to include ethics 
training in engineering courses because students are adults, with their moral and ethi-
cal education already consolidated, and therefore little receptive to significant behav-
ioural changes [7]. 

It is also important to note that the absence of explicit ethical education in engi-
neering courses affects mainly their students, by denying them a full education, but 
also has having a negative impact on society. In this sense, [12] argues that higher 
education institutions form "docile" engineers who are unable to interpret the social 
and contemporary political reality, and are unaware of the consequences that special-
ized knowledge action’ has on social and human actuality [13]. 

In this line, it can be argued that, although ethics and civic development are fun-
damental to society and democracy, it is also important for young people, because 
they can be more successful if they are involved and committed to their community 
and the common good [14]. In this perspective, ethics and civic education do not aim 
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merely at social development, but also at youth development, so this is also in the 
students’ personal interest. 

1.2 Should ethics education be integrated into the engineering curriculum? 

Reference [3] and [15] argues the need for higher education to promote the ethical 
education of their students. According to [3], it was found that primary school educa-
tion and high schools have little influence on students’ political beliefs and values. 
This reinforces the role that higher education can and must have in order to promote 
the ethical development of their students. Thus, the author argues that higher educa-
tion should not be limited to a database, but should promote and develop skills so that 
their graduates can act in the world with reflection and wisdom. With this goal in 
mind, the author believes that higher education should promote the moral, civic and 
political development, which implies the ability to develop a more sophisticated and 
conceptually more advanced understanding of the social complexity and of the ethical 
concepts, which will result in greater intellectual growth. 

It is also important to note that, according to [16], moral development is part of 
identity and personality development. For this author, in contemporary society, the 
content selection process that defines the identity and is associated with ethics, moral 
development and motivation, only occurs in emerging adulthood that is between 18 
and 25 years old. As per this data, mostly higher education students are still in this 
ethical and moral development phase which is of vital importance and a reference to 
their values and respective identity integration. 

This author also states that "the level of integration of moral knowledge in identity 
seems to vary according to motivation" [16]. Thus, taking into account the age range 
of the majority of higher education students, the (theoretical and practical) ethics and 
moral education is relevant, in order to provide greater moral identity and integrity, 
the main predictors of moral motivation in future actions. 

Various methods are used in higher education to promote ethics, civic and stu-
dents’ deontological education [3] [17] [18].  Within the engineering courses, accord-
ing to [18], there are 3 main methods: Specific Curricular Units (CU); Modules that 
have a large amount of technical areas in the (CU), and that deal with specific cases 
(for example, lectures); Short training inserts in the various CU that are part of the 
curriculum. 

 However, it is necessary to consider that ethics education can be promoted as an 
ethical training focused on deontological ethics (based on the duties set for profes-
sional codes), and as such more individual and normative; or in a broader aspect of 
ethics, that is not limited to professional codes or individual action, but includes the 
social, political construction, incorporating the collective dimension, social and envi-
ronmental in the present and in the future. The conception of engineering and of the 
consequences of its actions, are one of the most crucial aspects in the choice of ethics 
education profile for engineering students. A conception in which the role of the en-
gineer is confined only to the technical sphere, will lead to a delimited deontological 
training; and a broadened conception in which engineering is recognized as having an 
active role in the social-political level, will lead to a wider and deeper ethics training. 
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1.3 Should ethics education be included in the engineering course 
curriculum? What do students think about this? 

The following highlights the importance of the teachers’ role in curriculum devel-
opment and as such in the inclusion, or omission, of ethics education in engineering 
courses. While teachers are the main curriculum builders, students are also involved 
in this process [6]. On the other hand, students are the ones mainly affected by the 
absence of an ethics educational project within their courses. These two aspects show 
the need to take into account the point of view of engineering course’ students about 
the inclusion of ethics education in their course. 

According to [20], it is necessary to take into account the students’ perspective to 
improve their course curriculum and results, it is therefore essential to speak with 
them, listen to their voice, because their voice has a strong transforming potential 
[21]. However, it is also necessary to take into account that students are often una-
ware of the various curricular possibilities, as well as the values and concepts under-
lying them [21]. 

It is therefore important to investigate the students’ perspective on this issue: they 
consider ethics education has necessary or useful in the engineering courses? It should 
also be investigated if they are receptive to this training area or if they consider that 
this is inadequate, because they are already adults with moral and ethical principles? 
Lastly, how do they think this training field should be implemented and put into prac-
tice? 

It is also important to know the concept that students have of engineering, as this 
will influence their perspective about ethics training. Knowing the conception of 
engineering and the consequences of its action allows conceiving an ethics training 
that is more adjusted to the students' needs. 

So, the present study fits within this context and aims to listen to the students’ 
voice in order to investigate: 

• Students' conception of engineering´s action in society; 
• Students' perspective on the inclusion of ethics education; 
• Students' perspective on the practical implementation of ethics training; 
• Students' perspective on the topics to be included in ethics education. 

2 Methodological options 

These objectives fall into a quantitative and interpretative perspective [19]. The 
framework in the phenomenological interpretative perspective is associated with the 
guidance that underpins the research and the object of analysis and not only with the 
specificity of the methods. 

Thus, in the present research, a volunteer student group belonging to engineering 
courses that do not include ethics education in their curriculum was interviewed. 

The study included ethics training and a debate, allowing students a better mastery 
of the topic in question, so that students aren't restricted in their expression due to the 
limited conceptual domain of the subject under study. It is therefore a case study [22] 
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which is both research and ethics education, and as such with a potential for social 
transformation, i.e. a research-action [23]. 

Given the characteristics of the study, the intention is not to make a statistical gen-
eralization of the results obtained, but instead, to hear the students´ personal voice that 
leads them to reflect and comment on curriculum construction. This action can al-
ready be considered a form of ethics and civic education. 

2.1 Study Implementation 

Twenty five polytechnic higher education engineering course volunteer students 
were part of this study. The choice of the institution selected for this study was based 
on the researcher's convenience. The courses’ choice for the study was done selecting 
a curriculum that did not include any CU or other explicit form of ethics education, so 
as not to influence the students to the use of any specific form of ethics education. 

The study took place in two phases: initially, before the training, the volunteer stu-
dents answered a pre-training survey composed of open and semi-open questions; and 
in the second phase (after 8 hours of ethics training divided in two days), students 
answered a post-training survey with open questions, semi-open and closed (Likert 
scale) questions. 

A content analysis procedure was used in this study to analyse the data collected 
(for open answers) to find out what the students’ views and perspectives were. The 
use of content analysis is based on its ability to interpret perspectives, as well as their 
versatility [24]. A descriptive statistical analysis of the answers was also done. 

The group was composed of 25 students, from 3 engineering areas (electrical engi-
neering, biomedical engineering and electro-mechanical engineering) from licentiate 
and Masters Degree. 

3 Results and their Analysis 

3.1 The students' conception of engineering´s action in society 

Before the training, students responded to a survey aimed at finding out their per-
spective on: the engineering action in contemporary society; positive and negative 
contributions; and about the most important values in the performance of the engi-
neering profession. 

Relative to the most important values for the practice of the engineering profes-
sion, Figure 1 shows the results in the categories identified in the responses. 

From the analysis in Figure 1 it can be concluded that the students had mixed re-
sponses, values, skills and/or competences, by mentioning, for example, the "ability to 
work as a team", of "being proactive" or "meet objectives" as important values for the 
engineering. Thus, 29% of the students reported that the most important aspect is to 
be able to work as a team, and 22% reported honesty, responsibility and humility as 
indispensable values to this professional activity. Followed by professionalism and 
respect, in  18.5% of  the responses. Also highlighted is the fact that students consider 
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Fig. 1. The most important values in the exercise of the engineering profession as per students' 

opinions (% of total students). 

the capacity or competence to work as a team, as being most important in the face of 
so many values such as honesty or justice. It can also be stressed that 7.5% of the 
answers considered that the most important value for an engineer is, ambition, and 
that 3.7% consider it important that the engineer be "meet objectives". Most of the 
answers submitted are indicators of the engineer's perspective as a technical instru-
ment [26], and as such to be technically competent, and not as an actor who inter-
venes in the social construction, and as such without the need of ethical and moral 
values. 

To better clarify what perspective students have of engineering, they were asked to 
choose the phrase that best defined the importance of engineering in society. These 
results show that the majority of students (52%) identifies themselves with the ideol-
ogy of progress [26], which gives engineering the role of being the engine behind 
development and progress. The second most selected option (22%) corresponds to the 
belief in the technical and scientific development ideology [26], in which this is seen 
as a good in itself. The option least selected  (11%) corresponds to the ideology of 
economic development, in which engineering is seen as fundamental to the entire 
production process [26]. The option corresponding to the ideology of creativity was 
chosen by 15% of the students. Most answers highlight not only the belief in the pro-
gress ideology, but expressed as well the belief that the potential of engineering is 
limitless. 
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Students were also asked about the image that society has of engineers. 80% of 
students considered that the image is very positive and only 20% consider it a nega-
tive image. Some of the answers demonstrate the extremely positive belief that the 
students themselves have of Engineering: "they are well regarded by society as it is a 
profession that creates many jobs and brings to the citizens new technologies and 
wellness"; "I see them as people in our society that help promote the development of 
the country and solve the practical problems of our society"; "these are people with a 
lot of knowledge in their area, with huge capabilities to contribute to the progress and 
development of technologies or even to humanity". These responses also show their 
belief in the ideology of progress. 

14.8% of the students did not reply to the open question about the best im-
pact/influence of engineering in society. From the responses obtained a set of 10 cate-
gories was identified, the results are shown in Figure 2. 

 
Fig. 2. Answer to the open question about the best impact/influence of engineering in society 

(% of total students). 

The category most referred to where engineering is making the strongest contribu-
tion to society was quality of life improvement and well-being (47.8%). Some an-
swers highlight the high expectations of students: "engineering has a great impact on 
society, as it allows increasing the standard of living and welfare of the people, re-
gardless of the area or the planet where they are living"; "I think engineering has an 
impact throughout society, which would not even exist without the contribution of 
engineering"; "the greatest contribution of engineering is to turn fiction into reality". 
These replies strengthen the perspective of the belief in the progress ideology and the 
unlimited nature of engineering potential. 

The students were also asked about what the worst impact/influence of engineering 
on society was.  From their answers 13 categories were identified which are shown in 
Figure 3. 
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Fig. 3. In the students' opinion, what is the worst impact/influence that engineering has on 

society (% of total students). 

The response of 43.5% of the students referred to the worst impact, as being pollu-
tion, followed by armament (17.4%) and 13% of the choices were social dependence 
on technology, the dehumanization of society and an incentive to greed. It should also 
be noted that 8.7% of students reported that Engineering has no impact or negative 
influence on society. 

 One of the answers absolves engineering of any wrongdoing: "the worst impact is 
not created by engineering, but by the people who channel their knowledge to harm 
humanity". Another answer shows a more complex association between different 
levels of impacts that interrelate: "I think engineering leads to evolution, which awak-
ens the consumerism and ultimately creates inequality, because the developments are 
always more accessible to social groups with higher purchasing power; and more and 
more people tend to think of evolution as a way to get rich and not to help others ". 

In synthesis, they were asked if they thought engineering contributes to a "better 
world" and if so how. The answers highlight the belief in the supremacy of Engineer-
ing: "without a doubt. Where would we be today without engineering?  Engineering 
came to bring a great development and make daily life a lot better for all inhabitants 
of the planet"; "yes, without a doubt, its contribution brings people happiness, making 
them dream"; "yes, it increases time and quality of life, facilitates rapid knowledge 
sharing and information and all this makes the world a better place"; "yes, with engi-
neering its possible for humanity to evolve".  However, some responses recognize 
some doubts: "engineering can create a near-perfect world, but people have a duty to 
continue to be human and not let everything turn into machines"; "I think so. At a 
time when there are actual facts that the world is getting worse at our expense, engi-
neering is being redirected to what is correct for the world, rather than to what is com-
fortable for us. " 

One reply highlights the belief in the neutrality of Engineering: Engineering "does 
not contribute to a better or worse world. Contributes above all to people´s needs ". 
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3.2 Students' perspective on the inclusion of ethics education 

Before and after training students were asked what they thought about the possibil-
ity of including ethics education in engineering courses. Results show that before 
training, the majority (89%) of the students thought this training component should be 
included in the curriculum, and some of them state that it should not only be in their 
course, but in all higher education courses. However, 11% of students stated that they 
did not know because they consider themselves unaware of the matter. 

After training, the results show that 100% of students consider that ethics educa-
tion should be part of their course. On one hand, the training clarified that some stu-
dents had doubts about it, on the other hand it increased the degree of belief that many 
students, manifested through expressions and answers that went far beyond a simple 
"Yes" (which was the most frequent response prior to training). This strengthening 
conviction was expressed by statements such as: “Undoubtedly yes”, “yes, no 
doubt“,” yes, it´s a must!”,”Yes, I think it is a fundamental curricular unit”, ”Yes, 
without a doubt”. 

3.3 Students' perspective on the practical implementation of ethics training 

As mentioned in the introduction of this study, the recognition of ethics education 
being needed in higher education courses seems to be quite consensual, but there is no 
consensus concerning the practice of such training [7]. Thus, the students (who are the 
ones who have the most to lose or gain in this process) were asked about the practical 
way this training should be implemented. This question was asked before and after 
training. 

From the results it appears that prior to training 48% of the students thought that 
this educational component should be incorporated into the curriculum as a compulso-
ry CU. The remaining students' answers were broken down as follows: 7.4% believe it 
should be an optional CU; 14.8% think it should be extracurricular training; 22.2% 
thought it should be as some form of short training; and 18.5% believe it should train-
ing distributed throughout the various technical CU (note that the sum of these values 
exceeds 100% because some students had more than just one answer). 

After the training, all options decreased significantly, except the conception of eth-
ics education based on a compulsory CU, which increased to 52%. 

3.4 Students' perspective on the topics to be included in ethics education 

During the training six topics were addressed: Ethics and moral concepts; Frame-
work and ethics, historical evolution; Contemporary ethics; Engineering action con-
sequences on society and the environment; “Ethics for engineers” [1]; Professional 
Code of Ethics (from engineering professional entities). 

After the training, the students were questioned about the training usefulness for 
their personal life and their future professional life. The results show that none of the 
students feel that the training was useless or of little use. As per whether or not it was 
useful for their personal life, 24% considered it fairly useful and 76% very useful.  
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Pertaining to how useful it was for their future professional life, 8% considered it 
fairly useful and 92% very useful. 

In order to investigate whether the training in question had brought something new 
to students, they were also asked if the training allowed them to discover, learn or 
understand any subject they deemed relevant. 60% of the students answered that the 
training allowed them to discover, learn or understand some issues they considered 
relevant, and 40% that the training allowed them to discover, learn or understand 
many relevant issues. 

As to better understand what topics students considered most relevant to ethics ed-
ucation in engineering courses, students were asked which topics they would exclude 
from the ethics education, and what topics should be included. The answers are pre-
sented in Figure 4. 

 
Fig. 4. students answers (% of total students): "From the topics covered in the training, which 

would you remove and which ones would do you consider most important?" [27]. 

The results show that students consider all topics are important, and only in one 
case - Historical ethics framework - the number of those who removed this from the 
training was greater than those who considered it important. However, the difference 
between those who would exclude it and those who consider it important is only 4%, 
which corresponded to one student´s answer. 

It should also be noted that the least valued topics are the most theoretical, and the 
most valued are those that demonstrate the practical application of ethics to real engi-
neering case scenarios.  This fact is consistent with the profile of engineering students 
that, in general, value more the practical component of their course. In this sense, 
students often expect (and are used to) follow rules and procedures that act as "pre-
scriptions" for action, not to reflect and critically and theoretically analyze multi-
faceted and complex issues. 

Thus, it is necessary to take into account that, in general, engineering courses do 
not encourage reflective practice, and that, on the contrary, often favor knowledge’ 
memorization and mechanization [25], in the application perspective and not of re-
flection. This increases the difficulty of students in broadening their vision beyond the 
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purely technical application (works or does not work) to see their actions in the 
broader context of society and environment (ethical, political, environmental and 
social relations and consequences). 

Students were also asked about the negative aspects of the training and improve-
ments to be implemented in future editions. The main suggestions were that the num-
ber of examples and discussion of “real life” case studies ("Increase analysis / case 
discussion of real life (what you would do if....)") should be increased. This aspect is 
consistent with the perspective of a "prescription" training type already mentioned 
and the indication that it should have less theoretical issues. 

Another aspect mentioned was the fact that the training was very short (8h) and be-
ing that it was so limited there was no time for all participants to share their views ("I 
think it should be mandatory). If it is not possible, at least it should be longer so as to 
give students more time, to share their opinions, which will create an opportunity for 
these issues to be further discussed. "). 

4 Conclusions 

The results show that the conception of engineering action that students defend is 
based mostly on the ideology of progress, and that the action of engineering is regard-
ed as essentially positive and unquestionable. They also consider that the engineering 
potential is unlimited and features a limited awareness of the possible consequences 
in the various social-environmental areas. In this context, their answers were limited 
to the most obvious consequences: quality of life improvement/well-being as a posi-
tive effect, and pollution/armament as negative. However, only a very reduced num-
ber of students referred to the fact that the benefits (in terms of quality of life and 
well-being) are not accessible to all people, or the nefarious connection between the 
economic exploitation of the technology created by engineering and the social and 
moral behavior change. 

 These aspects reinforce the need for students to have ethics education, in order to 
broaden their awareness of the limitations and potential social-environmental conse-
quences of the various ideologies that are associated with engineering, promoting the 
recognition of its role within the complex contemporary sociopolitical construction. 
Thus, these results reinforce the need for engineering students' ethics education to 
promote critical reflection on the action of engineering and on the concessions that are 
associated with it, for example, through the study and reflection of engineering histo-
ry. 

The results also show that the engineering students who participated in this study 
consider it necessary to incorporate ethics education in engineering courses, as a 
compulsory Curricular Unit. 

It also shows that some students had doubts about this issue, since they do not con-
sider themselves well-informed about the subject in question. In this sense, the train-
ing implemented during the study provided the students’ with clarification and exem-
plifies some important themes that can be incorporated into the ethics education of 
engineering students. The results show that this training was a clarification that result-
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ed in students’ greater conviction about the importance of incorporating ethics educa-
tion in the engineering curriculum, and increased the demand for a mandatory ethics 
education in Curricular Unit format. 

Thus, these results question the argument that higher education students, as adults, 
are unreceptive to this training area [7]. This aspect is also highlighted by the volun-
tary and significant students’ participation in the proposed ethics training referred in 
this study. 

The results also show that students believe that the ethics education domain is use-
ful for both: their personal life and professional future. The students considered the 
ethics education they attended as a learning opportunity for relevant issues, which 
reinforces the conclusion that they are receptive to ethics education, and that it can 
bring learning opportunities, reflection and "broaden horizons", and as such, have the 
potential to be a strong personal and professional ethics development tool. 

The results also indicate that the students in question value a more focused training 
in practical cases and its discussion, and place less importance on the theoretical 
foundation component and understanding of the ethical currents. This indicates a 
"prescription approach" and less of a theoretical / reflective perspective. This view 
may be rooted in the engineer conception of being just a technical tool, and not as 
strong sociopolitical co-builder. In this sense, the central concern is more focused on a 
concrete, practical issues response, than a “sense of the world” reflection that theoret-
ically justifies a particular direction for social construction evolution. This result is in 
accordance with the concept and perspective that engineering students have ex-
pressed, which does not evidence a potential action at the sociopolitical level, but only 
technical and at the economy and well-being level. These results reinforce the need of 
rethinking engineering education that incorporates the ethical education of its students 
and that promotes a wide critical reflection enabling them to become aware of the role 
that engineering plays in different domains: social, political, economic, environmen-
tal, moral, etc. 

Given the small group size and the fact that 76% of the study participants were 
male and predominantly from the electrical engineering area, it will be necessary to 
continue the study with participants from both genders and different engineering are-
as. 
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Abstract!The utilization of ICTs in creating new jobs and eliminating gen-
der based inequalities in employability and entrepreneurship, employs increas-
ingly more researchers, governments and organizations around the world. In 
this article we analyze the current situation regarding the impact of ICTs, social 
networks and media on creating new opportunities for the employability of 
women. We also present the new market requirements, the new e-skills that will 
be acquired by women in order to take advantage of new labor market opportu-
nities. Finally special reference is made to new trends in women's entrepreneur-
ship as well as the supportive role of ICTs. 

Keywords!ICT, Female Entrepreneurship, ICT-based Innovation, ICT-skills, 
Employability for Women, Labor Market. 

1 Introduction 

Today, it is commonly accepted that digital literacy 1constitutes a global priority. 
The rapid development of digital technologies, in particular of Information and 
Communications Technologies (ICTs) worldwide, creates major challenges for smart, 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!The term Digital Literacy describes the utilization and comprehension of information in the digital age 
(Gilster, 1997)!
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sustainable and inclusive growth. ICT tools and services generate opportunities for 
growth and investment in developed and developing countries. New professions are 
created, based on these technologies, as well as existing professions adapt to them, 
leading to the transformation of the old economy. The integration of ICTs into large, 
medium and small enterprises leads to upgrading of production, design and market-
ing, while providing opportunities for innovative practices. 

Digital economy as well as ICT sectors grow seven times faster than the rest of the 
economy and is therefore one of the seven key flagship initiatives of the Europe 2020 
strategy (European Commission, 2011). Having to face these new standards in the 
global labor market, governments, businesses and employees should adapt and get 
ready to take advantage of the upcoming development of the ICT sector. It is ob-
served that despite the high unemployment levels and the economic crisis, there is a 
lack of qualified staff in ICT. 

At the same time as most studies indicate, Europe faces an increasingly widening 
gap of digital skills. This is subsequently an important cause for concern, just because 
of the strategic importance of Information and Communication Technologies (ICTs) 
to achieve the EU's objectives in relation to a more competitive international econo-
my. This situation is worrying but also promising for the future of young skilled em-
ployees, especially from vulnerable groups who may have disadvantages in the labor 
market so far. 

In addition to the existing problem of lack of ICT executives in the European labor 
market, there is also the problem of low representation of women in occupations re-
lated to ICTs. It is a great contradiction that while research indicates that strong fe-
male presence in business leads to more effective decisions, and women demonstrate 
greater creativity and efficiency, however they are only 30% of workers in ICT jobs 
in Europe and only 9% of the applications have been created by women. 

According to the European Commission, inclusive growth refers to the creation of 
jobs (especially for women, young and older workers), the investment in skills and 
lifelong education in order to help people of all ages to anticipate and manage differ-
ent situations, the modernization of labor market and welfare systems and finally the 
equitable distribution of the benefits of growth to all European Union countries. 

In this article we were based on the modern literature to describe and analyze the 
new working environment emphasizing on the use of ICT tools (web and social me-
dia), to investigate and study the major European initiatives and best practices to 
strengthen the role of women in the field of ICTs and to launch women in digital 
skills, as well as to investigate the role of ICTs on women entrepreneurship and inno-
vation and their utilization for the new trends of employability. 

In the labor market nowadays, women and men have the same privileges and the 
same opportunities? 

Which are considered as the most important employability skills prevailing in to-
day's digital age? 

The utilization of ICT could create new jobs and opportunities for entrepreneurship 
for women? 
!his research was based on the review of the current literature on the basis of pub-

lished studies and reports of the last years. "ringing together all the existing 
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knowledge of the subject, we assessed and linked the results of individual studies in 
order to draw any conclusions and proposals for the future as regards to the ICT-
based employability and entrepreneurship for women. 

2 Gender and Employment 

Despite the existence of institutionalized provisions and laws on gender equality, 
every day there are observed actions of discrimination against women in the work-
place. The legislative equality sometimes contradicts daily practice, as there are es-
sential gender-based distinctions, as regards access to the labor market, remuneration 
policy and benefits, as well as career development and labor relations. 

In many cases, women face prejudice and distrust in their working environment, 
even if they have more qualifications than their male colleagues. As a result of these 
prejudices and stereotypes, women rarely possess positions of high responsibility, as 
management positions. 

2.1 Glass Ceiling 

Despite the fact that in recent years women claim their share in the labor market on 
equal terms, most business executives in key positions are men. Glass ceiling could be 
defined as the reason why there is a limited participation of women in positions of 
responsibilities, such as managers, human resources and other posts which demand 
executive job (Arfken et al, 2004). Reduced participation of women in decision mak-
ing could be found in both the public and the private sector and also in politics. 

The belief that exists at a large portion of the labor market is that women lack in 
leadership skills in comparison to men, is a factor for the reduced women’s assess to 
positions of expanded duties. Moreover the behavior required in the role of the leader 
is considered incompatible with the beliefs of the people on the desirable female be-
havior. According to Jackson and O’Callaghan (2009), female employees face ‘the 
lack of expatriate assignments and international experience’ that prevents their pro-
motion to the highest levels of the corporate hierarchy.  

The first step that young women should follow in order to break the glass ceiling is 
to set goals and make the effort to reach them. They should detach themselves from 
stereotypes and learn from senior women in management (Baumgartner and Scheider, 
2010). 

2.2 Remuneration Policy 

Indicative of the ongoing gender based differentiation is the pay gap between 
women and men. This gap is a result of the disparagement of women’s skills and 
professional qualifications as well as the difference in hourly compensation depend-
ing on the quality of work. Mandel and Shalev (2009) highlighted the important role 
of wage inequality within classes which determines the women’s exclusion from 
positions with high responsibilities. According to figures published by the General of 
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Justice of European Commission in 2014, women across the European Union earn on 
average around 16.4% less than men, despite the fact that for years there are voted 
provisions in order to close the gender pay gap (European Pact for Gender Equality, 
2011 and Actions on gender equality agreed between the European social partners, 
2005). 

According to the U.S. Bureau of Labor Statistics, in 2015 the median gap in medi-
an annual earnings was 20%, as the median annual earning for full time male employ-
ees in United States was 51,212 compared to 40,742 for female employees. According 
to the Workplace Gender Equality of the Australian Government (2016) men are paid 
17.3% more than women, as their full-time average weekly earnings are 277.70 $ 
more than in women. 

2.3 Part-Time Jobs 

The economic recession in Europe and the comparatively high cost of the perma-
nent staff for companies, contributed to part-time work, which appears in the form of 
fixed term contracts or sometimes in the form of ‘rental’ employees.  

The Dutch part-time employment model is considered to be the new trend for 
young women. Nowadays, 60% of employed women in Netherlands work 30 hours or 
less. The propensity to work part-time significantly increased for women born after 
the 1950s (Bosch, Deeten & Euwals, 2010). There are two conflicting viewpoints 
about women working at part time jobs. On the one hand, part time jobs could be 
accused of under-utilization of highly educated women. On the other hand part time 
jobs provide an opportunity for women to work less and to be able to deal in parallel 
with other things, such as raising their children (Booth and Van Ours, 2010). 

2.4 Family and Job Balance 

A question that concerns young women in recent years is “Should I choose Career 
or Family?” Continuously increasing demands of the labor market, competition, long 
working hours, stress and pressure, are only a few factors which contribute to family 
and career to be considered as two incompatible concepts. However, numerous exam-
ples of modern women which managed a balance between work and family, weak-
ened this belief. Women have to find on their own solutions in order to integrate their 
family and career role. According to successful women’s perspectives, family should 
be the first priority, as mothers should be involved in their children’s activities and 
life, but there is no need to spend the whole day with them (Cheung and Halpern, 
2010).  

The successful combination of work and family is greatly influenced by the condi-
tions of work, as well as by the quality of life of each individual (Laurijssen & Glo-
rieux, 2013). Vanderpool & Way (2013) stated that employees who face difficulties to 
balance career and family were more likely to present job anxiety and as a result to 
drop their performance or to give up their jobs. 
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2.5 Sexual Harassment 

Sexual harassment is considered to be a major barrier for career development of 
women and may be accompanied by decreased job satisfaction, lower organizational 
commitment, or increased withdrawal behaviors. An incident of sexual harassment in 
the workplace could cause disturbances in physical and mental health and in some 
cases post-traumatic disorders (Willness, Steel & Lee, 2007). According to the report 
of the European Union Agency for Fundamental Rights (2014), ‘sexual harassment is 
more commonly experienced by women in the highest occupational groups, as 75% of 
women in the top management category have experienced sexual harassment in their 
life time’. 

Companies should spend time and resources in order to make serious policies 
against sexual harassment. In order for these policies to be effective, companies 
should organize monthly meetings, sexual harassment training sessions and take im-
mediate action for any occurrence becomes known (Roberts & Mann, 1996). Lim & 
Cortina (2005) proposed that eliminating all elements of a hateful work environment 
could be more effective, as there is possible correlation between general incivility and 
sexual harassment. 

3 New Trends in Employability Skills 

3.1 e-Skills 

Nowadays, information and communication technologies evolve rapidly. Lack of 
skilled personnel in ICT could result in loss in competitiveness of the economy. Eu-
ropean countries should invest in education and adapt their educational system in 
order to prepare employees for the ICT business, as well as for the e-Government 
base (Doucek, 2011). 

Employees and unemployed who wish to join the workplace should keep up with 
the times and constantly train their ICT skills in order to benefit from the new busi-
ness opportunities in the evolving labor market (Várallyai & Herdon 2010). Based on 
current data, companies require from employees more than a specific job skill, as 
skills in particular technologies are considered essential in most jobs (Gourova, An-
tonova & Nikolov 2006). Governments, educational institutions and industries should 
contribute to the educational process in order to enable new employees to meet the 
demands of the labor market. 

Training in ICTs could help women to develop basic digital skills, overcome lan-
guage barriers and gain confidence in their ability to learn new things (Garrido, Sulli-
van & Gordon, 2010). Recent studies (Felstead, Gillie, & Zhou, 2007; Riley, 2007) 
reveal the relationship between ICT skills - employability and especially on the effect 
of computer skills on compensation and opportunities for upward mobility. In particu-
lar, a study by Green et al. (2007) shows that computer skills have significant impact 
on pay (5.3% and 6% for men and women, respectively).  
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3.2 e-Mentoring 

E-mentoring is a process through which specialized and experienced professionals 
teach, counsel and give practical guidance based on their knowledge to newcomers in 
the labor market. However e-mentoring could be based on bidirectional mentoring 
and information exchange, for example between colleagues where there will be mutu-
al benefit from this relationship (Bierema & Merriam, 2002). 

E-mentoring seems to be a significantly useful tool for aspiring women managers, 
which is able to transcend boundaries such as geographical, demographic, functional 
or hierarchical, giving access to more and more people (Headlam-Wells, 2004). In 
addition to the development of specific skills, e-mentoring may contribute so that 
mentees gain inspiration and take psychological advantage for their career and per-
sonal development (Headlam-Wells, Gosland & Craig, 2006). 

4 Labor Market Trends 

In developing countries seeking sustainable economic development, ICTs are con-
sidered a means for the gradual disengagement of the economy from low-value-added 
primary sectors such as agriculture. However, a business (economic) model which 
was successfully implemented in a developed economy, might not lead to the same 
results in a developing economy. Investment in ICT for developing countries should 
aim to counterbalance the disadvantages of the economy and create new products and 
services to join actively the global market place, while developed economies should 
take advantage of ICTs to improve the existing products and services (Roztocki & 
Weistroffer, 2009). 

More and more companies are investing in social media in order to strengthen their 
influence. As the social networking sites such as Facebook, Twitter and LinkedIn 
have become very popular among all age groups, companies create brand fan pages in 
order to enhance the relationship with their customers and increase their popularity. 
Ease of use and interactivity of digital tools enable customers to evaluate their experi-
ence after each purchase and in this way help the firm as well as other consumers with 
their comments (De Vries, Gensler & Leeflang, 2012). In an effort to create effective 
social media campaigns, companies should take into account that people in their ma-
jority use the social media as entertainment tools and as a way to escape from daily 
problems. Therefore, campaigns should be differentiated from those of other brands 
and exploit all necessary means to attract customers. Furthermore, effective social 
media campaigns should follow the new market trends and meet current consumer 
demands in order to result in band loyalty from the perspective of customers 
(Erdo#mu$ & Cicek, 2012). 

As expected, current economic conditions affect the investment in ICTs. Organiza-
tions which in periods of economic growth invest in the ICT sector, in times of reces-
sion and uncertainty reduce this expenditure (Underwood & Khosrowshahi, 2012). 
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5 ICT Sector Development 

The term ICT sector comprises all professional fields concerning the research, the 
design, the development and the management of IT products and the telecommunica-
tions, as well as the software development industry. According to the 2010 report on 
R&D in ICT in the European Union (Turlea, 2010), the ICT sector could be classified 
into two subsectors: 

• Manufacturing, containing IT equipment, Telecom and Multimedia equipment, as 
well as measurement instruments 

• Services, which could be computer services and software or telecommunication 
services. 

ICT services could be produced by the companies themselves or be provided 
through other operators. Expected benefits from the incorporation of ICT services 
may be the increase in productivity and the upgrading of products or services provid-
ed, acceleration and facilitation of specific processes such as communication with 
external associates, and finally, the securing of funds and resources (Hollenstein, 
2004). In order to achieve organizational success, there are required ICT projects with 
a detailed project plan for the desired outcomes (Bygstad & Lanestedt, 2009). 

The ICT sector could contribute decisively to the organization and internationaliza-
tion of Research and Development (R&D), establishing ICT R&D centers in emerg-
ing economies and hence accelerate the growth and innovation for the industry (Han-
na, 2010). 

The ICT sector is one of the most important areas for the global economy, due to 
the growing demand for automation and digitization of both the private and public 
sector. Reduced cost of computer technology has led many companies and organiza-
tions to the computerization and the replacement of low qualified workers performing 
routine tasks. These workers have passed to service occupations which due to the 
increased required skills are difficult to be automated (David & Dorn, 2013). The ICT 
sector is one of the most innovative and productive in the European Union. Due to the 
fast growth of the ICT sector and the high competition worldwide, innovation in ICT 
is critical for Europe’s competitiveness. The integration of ICTs in the public sector 
and the utilization of ICTs for some major challenges in EU such as the ageing popu-
lation, the improvement of living standards, as well as the upgrade of health and envi-
ronment services are of paramount importance (Wintjes & Dunnewijk, 2008). 

Colombo, Croce & Grilli (2013) evaluated the impact of the adoption of broadband 
Internet technology on the productivity of small and medium enterprises (SMEs). 
According to the results of the study, SMEs could benefit from the adoption of select-
ed advanced broadband applications only under specific conditions, always depending 
on the sector in which they operate and the condition to make strategic and organiza-
tional changes.ICT businesses will have to adjust their strategy in order to reap the 
benefits of the wider development of the industry. 
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6 Entrepreneurship 

The growing interest in women’s entrepreneurship in recent years is due to the 
general trend of the global economy to entrepreneurship, as well as to the perception 
that female led micro and small enterprises could lead to significant effect on overall 
household well-being (Minniti & Naudé, 2010). The size of the public sector has a 
significant impact on entrepreneurship rates for both sexes, but the negative effects 
are more highly visible on female entrepreneurship. Furthermore, some restrictions in 
relation to the female freedom of movement contribute negatively to the aspiration of 
women to take care of business (Estrin and Mickiewicz, 2011). 

Even if gender equality and women empowerment are consistently promoted, male 
or female stereotypes could affect a woman’s decision to become an entrepreneur. 
Policy makers should focus on how to eliminate such beliefs in order to encourage 
women’s entrepreneurship (Kobeissi, 2010). Women, at a much greater proportion 
than men, consider that values such as respect, initiative and achievement, are crucial 
in the decision to become entrepreneurs (Terrell & Troilo, 2010). 

Women face various problems associated with entrepreneurship, such as marketing 
problems due to poor location of their unit or through competition from large units, 
financial problems like shortage of funds and health problems may be due to lack of 
rest (Nayyar et al, 2007). 

According to the Statistical Data on Women Entrepreneurs in Europe (European 
Commission, 2014) women entrepreneurs represent 29% of entrepreneurs in Europe, 
which means about 11.6 million people. Since 2008 there has been a slight increase of 
female entrepreneurs in the European Union of around 3%, while in Europe overall 
women are the overwhelming majority in the one-person business (78%). 

According to data provided by the European Commission, women entrepreneurs 
accounted for 24% of the workforce in Greece while the corresponding percentage for 
the EU-28 was 10%. The greatest proportions of women entrepreneurs in Greece were 
in sectors such as education, service activities, human health and social work activi-
ties, as well as financial and insurance activities. 

Most entrepreneurs in developed or developing countries utilize ICT applications 
for the development of products, marketing as well as design and strategic objectives. 
Despite the hampering factors for female entrepreneurship, ICTs could contribute as 
effective tools for women to have equal opportunities with men in business develop-
ment (Matthew, 2010). 

7 Conclusions 

Gender based discrimination in the workplace still exists in our days. Discrimina-
tion in relation to the role of women in the global economy, remuneration policy, 
career development and the patriarchal view that women have the exclusive responsi-
bility for the care of the family. The relevant legislation for gender equality in the 
workplace is not sufficient to eliminate such discrimination. 
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Upgrading the role of women in the labor market, either as an employee or as an 
entrepreneur, as well as the elimination of roadblocks and obsessions are a must for 
the equal right to employment regardless of gender. At the same time the new condi-
tions formed in the labor market make ICT products and services necessary for any 
economy and therefore the investment in ICT is the only way for growth. 

The rate at which the labor market is evolving nowadays, the creation of new jobs 
as well as the modernization of the existing jobs, requires continuous employee edu-
cation and development of ICT-skills in order to become more competitive. 

The problem of under-representation of women in the economic critical sectors 
such as ICTs and in conjunction with policies and EU initiatives to deal with the skills 
shortage in ICTs, highlights the need to design and implement actions that will acti-
vate the female population in the targeted level of training, selection and participation 
in entrepreneurship and employment with focus on ICTs: 

• Actions that promote the participation of women in technology and entrepreneur-
ship and create standards and benchmarks even from secondary education.  

• Actions that will enhance the role of women in the field of technology and STEM 
education (Science, Technology, Engineering and Mathematics), either as an em-
ployee or as an entrepreneur.  

• Training actions to support the entry of women into the labor market on equal 
terms regarding working time, remuneration and development. 

In order to achieve all the above, the collaboration of all parties involved in the 
private and public sector is required in order to develop a national strategy based on 
understanding the requirements of ICTs and the dynamics of women. 
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Abstract—Policy-level interventions aim to expedite institutional change in 
universities but the related decisions rarely materialize as sustained grassroots-
level implementations genuinely transforming teaching or learning practices. As 
a solution, educational authorities have called for scientific evidence as base for 
university reforms. This article showcases an empirical development endeavor 
from Aalto University that, while responding to doctoral students’ learning 
needs and institutional demands for higher publication productivity, paves the 
way for a more extensive bottom-up institutional reform of doctoral education. 
The data-driven analysis of a sample of 381 doctoral candidates in engineering 
directs the pedagogic focus in a doctoral writing course away from grammar 
and language proficiency towards writing support that accentuates usability and 
communicative value. The primary aim is to conceptualize a writing interven-
tion that is based on authentic researcher needs. The secondary aim is to sub-
stantiate allocation of language teachers’ working hours to research by demon-
strating how audience needs analyses can benefit teacher renewal, the quality of 
education, and institutional performance as measured through key institutional 
metrics. 

Keywords—doctoral education, language studies, publication productivity, 
student needs analysis     

1 Introduction 

In the competitive education economy, European universities are preoccupied with 
efforts to climb up the international ranking ladders to secure their reputation, to at-
tract the most potent student material [1], to collect the largest possible share of state 
funding, and in the long run, to survive the global battle [2]. 

One of the fiercest rivalries materializes in the arena of doctoral education, in 
which productivity constitutes the traditional measure of institutional and individual 
performance. The expanding authorship community has produced a burgeoning num-
ber of publications, which compete for the citations of the simultaneously enlarging 
readership [3]. Citation counts and the related bibliometrics have been adopted to 
gauge the global reach and disciplinary status of university-hosted research [4] when 
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substantiating tenure and funding decisions [5]. Productivity measures drive universi-
ty performance also externally; as public funding is strongly dependent on perfor-
mance indicators, universities are desperately seeking interventions increasing ac-
countability by expediting doctoral degree completion and promoting a higher quality 
of candidate outputs [6], [7].  

Even though the prevalent university improvement measures are, no doubt, well in-
tended, they represent policy-level actions inspired by institutional pressure and are 
too rarely founded on research data on actual student needs or knowledge gaps. Polit-
ically motivated action typically pursues change for change’s sake, seeking immediate 
gains at the cost of a more profound and sustainable reform [8]; [9] potentially even 
jeopardizing the university culture [10]. 

Subsequent calls for a university education reform, reconceptualization, re-
envisioning, reframing, rethinking, harmonizing or formalizing are being voiced on 
European, national and university levels to address both the entrenched problems as 
well as some more recently articulated ones [11]. The former include such measurable 
outcomes as low and long completion times and graduates’ poor match with industrial 
employment criteria, that is soft, intercultural [12], emotional, and social skills [13]. 
In contrast, the latter, more recently emerging issues center on higher-level goals, 
including the ability to tackle societal, social, economic, political, market and envi-
ronmental challenges [14], [15]. 

Given the ramifications of publishing activity for the survival of individual univer-
sities, the small number of investments made in researchers’ writing education comes 
as a surprise. Studies have shown that researchers universally need support in aca-
demic writing for publication [16] with their supervision typically being directed 
narrowly to the subject area and methodology. 

As an effort to remedy this problem of practice, this article documents a grassroots-
level teacher-initiated analysis of students needs to show how syllabi can be re-
examined and iteratively enhanced with reasonable efforts, adopting design-based 
research. The study subsequently offers two contributions to engineering pedagogy. 
First, it conceptualizes an intervention based on doctoral candidates’ authentic learn-
ing needs. Second, it promotes a sustained and targeted bottom-up reform by appeal-
ing to Language Centre policy-makers to root a system allowing research investments 
in language teachers’ annual contracts.  

2 Towards bottom-up university reform 

Such higher-level policy ideals instigated on the EU level as the Bologna Process 
aim to systematize higher education and accreditation criteria on the European level 
[17]. However, they may ignore the day-to-day realities of doctoral supervision as 
well as the requirements for supervisory care and ethics in the collaboration between 
the supervisor and the supervisee [18], which is known to affect the success of doc-
toral education [19]. 

Indeed, reports on successful university improvement endeavors have shown that 
internally generated changes typically yield the most positive impact compared to 
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political imperatives. Naturally, traditional and taken-for-granted pedagogical practic-
es offer value through automated, familiar routines [20] but have not proven effective 
in actualizing a positive change in degree attainment or in increasing the number of 
publications produced. 

Another challenge induced by a change imposed top down is that it often envisions 
a desired goal but could fail to detail implementation. Without accurate diagnosis of 
the flaws, it is difficult to devise an improvement plan that allows transforming the 
change agenda from rhetoric attempts at renewal to a sustained reality. A vision with-
out execution remains mere rhetoric or could even disrupt the persistent long-term 
development that committed teachers pursue as their more subtle and routine mode of 
operation [21]. 

A third hurdle in university development stems from contextuality, which hurdles 
effective replicability [22]. The local, institutional, professional, and classroom cul-
tures and social make-up drive educational outcomes, questioning the benefits from 
replicating best practices from other countries, institutions or pedagogues [23]. Espe-
cially in doctoral education, borrowing previous reform strategies is an unfeasible 
option as systematic programs have only recently been set up, with little documented 
evidence of their success available thus far.  

When genuinely pursuing change implementation, it is essential to keep in mind 
that despite the ostensible focus on the system level, the execution takes place in the 
classroom, through the teaching and learning processes. In the classroom, it is the 
teacher and his or her practices that contribute to student achievement; pedagogical 
leaders mediate learning outcomes by enacting an educational climate that either 
promotes or inhibits learning. The pedagogue’s critical role in eliciting results among 
learners evokes performance beyond that explained by tangible resources [24], [25]. 
Profound instructional development therefore requires an internally motivated cultural 
change, which cannot be mandated. To authentically be able to act differently, teach-
ers need self-renewal through capacity building that enhances their motivation, in-
crements competences and secures resources [26]. 

Teacher capacity in doctoral programs refers centrally to the intellectual capital of 
the pedagogue [27], materializing as analytical and effective pedagogy. The focus in 
teaching activities, however, ought to be directed to service, which is in deliberate 
contrast to earlier approaches to doctoral education as top-down supervision. Service-
orientation also attends to the recent international shift toward the social nature of the 
supervisor-researcher relationship [28].  

Supervision as service constitutes the centerpiece of the present study, which aims 
to expand understanding of the under-researched dimension of higher education that 
examines students as consumers [29], [30]. Traditionally, responsiveness to student 
needs has been pursued through supply-driven education based on pedagogues’ prior 
understanding of student needs and the extensive insight into pedagogic development 
nationally cumulated in Finland.  The Finnish teacher education system is globally 
recognized for its high quality, with teachers standing in high international esteem for 
their pedagogic expertise and top-notch PISA results [31]. Unfortunately, the Finnish 
pedagogical training essentially prepares teachers for the first two tiers in the educa-
tion system, offering few instruments for the third, post-graduate level.  
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The present calls to advance research on service-minded education pedagogy, par-
ticularly its breadth and diversity, as well as the personal relationships involved, strive 
to horizontalize the pedagogical space and the entire conception of doctoral education 
[32]. As a new conceptual dimension, students as consumers requires more targeted 
utility, high quality, factors ensuring personal interest, and individualized and unique 
study plans securing retention and study progress [33]. Doctoral candidates also ex-
pect practical relevance of their studies, preferably through integration of industrial 
operators into doctoral education [34], [35]. 

Unfortunately, the traditional language teacher role in Europe has not allowed re-
search as part of the annual work contract, which would be instrumental also for 
teachers’ occupational development and self-growth and professional renewal. The 
design-based research orientation is proposed here as a way of expanding the role of 
the language teacher into teacher-researcher. Further, this article examines systems-
level institutional change through an individual teacher’s research efforts and de-
scribes a development initiative from Aalto University that is based on student needs. 
The results demonstrate that doctoral candidates require support not only in their core 
research activities, but also in tackling the various mental barriers and inhibitions 
related to documenting one’s research. This study was motivated by calls to meet 
doctoral student needs more holistically and in a more targeted fashion but additional-
ly ended up addressing the central tenets of teacher position in the university system. 
Ultimately, it aimed to enhance the quality of doctoral education and promote system-
level change at Aalto University. 

3 Designing demand-driven doctoral education 

Following the basic-degree studies that are well formalized, structured and in-
structed, the ambiguous nature of doctoral studies easily discourages doctoral candi-
dates, as does also the fierce competition. Scholarly publishing is depicted as commu-
nicative practice, with two competing aims: on the one hand, researchers are striving 
to have their products read and acknowledged by an audience as wide as possible; on 
the other hand, they must accommodate to the conventions of their own community in 
order to pass peer reviews [36]. 

These circumstances call for particular pedagogic approaches and modes of in-
struction. To design a doctoral course assisting doctoral candidates in the competitive, 
global research community, an investigation of doctoral candidates’ needs was initiat-
ed by one of the English lecturers. The aim was to make student voices better heard 
and to consider their learning gaps more holistically in the curriculum design process. 
At the same time, the endeavor aimed to respond to the University management calls 
for faster doctoral degree completion and higher dissertation quality. 

3.1 Design-based research as the study method 

To build a pedagogically and scientifically informed education offering that meets 
student needs, the present study adopted a method following the principles of design-
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based research, as outlined in Figure 1. The method is well-established in learning 
sciences and serves both pragmatic and theoretical aims. It allows interventionist 
syllabus design that promotes a new type of a learning environment. The method 
enables an in-depth understanding of the learning process, as well as expansion of the 
teacher role into teacher-researchers [37].  

The design-based research approach was adopted in the present examination to 
monitor doctoral candidates’ perceptions in 2011-2016 through four, complementary 
rounds of analyses to identify topics, content and emphases for the new the Writing 
Doctoral Research course that was being set up for post-graduate students at the Uni-
versity Language Centre. Design-based research blends empirical educational re-
search with the theory-driven design of learning environments and allows iterative, 
continuous cycles of implementation that move from design to enactment, analysis 
and redesign of pedagogical innovations. As outcomes, the method yields sharable 
theories that explain how the resultant designs function in authentic settings [38]. 

 
Fig. 1. Process of data collection. 
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The first survey revealed some problems that could not be addressed by the Lan-
guage Centre: too few lab facilities, poor lab maintenance, lack of professor-level 
supervision, missing support with methodological choices, and lacking or too short-
term funding instruments, which forces candidates to constantly engage in grant ap-
plication. These messages were delivered to the University-level doctoral program 
management for further processing. 

Leaving aside topics outside the Language Centre’s authority, three main catego-
ries surfaced from the responses that dominated student perceptions in the two first-
stage questionnaires: content creation, production of text, and feedback reception. 
This is in alignment with prior literature indicating that writing for publication in-
volves investment in content, process and critique [39]. Content refers to the ability to 
argue on the grounds of literature or empirical evidence. Process acknowledges schol-
arly writing as an iterative effort of rewriting. Finally, critique comprises skills in 
feedback reception and provision during the drafting and rewriting phases.  

In the second phase, the three topic areas raised in the first two questionnaires were 
further divided into 15 sub-dimensions for a quantitative survey according to the key 
words in the student responses. They were organized into a survey using a Likert 
scale from 1 (not very important) to 5 (very important). Following the principles of 
design-based research and its cycle-based iterative development, every Writing Doc-
toral Research course begins with this survey, providing the teacher with valuable 
background information regarding the student audience. The accumulated responses 
presently comprise 381 respondents. 

The qualitative analysis of 74 student abstracts or introductions was an important 
complementary method to acquire a more objective view of competence gaps, in 
addition to the subjective student views collected quantitatively. The analysis con-
firmed the results from the quantitative survey, corroborating that the utility of re-
search writing education at Aalto needs to be enhanced and quality of publications 
improved with accentuated support for certain components in the writing process. The 
scrutiny revealed the need to specialize in engineering conventions specifically in 
quantitative methodology, and to direct attention to engineering socialization, theoret-
ical profiling and enculturation [40] to accommodate to journal requirements. The 
analysis also revealed dimensions that students were unaware of: textual redundancy, 
inability to articulate thesis aims, ambiguous use of tenses and voices in data com-
mentary, lack of hedging strategies, and overuse of passive constructions. 

3.2 Results – priorities for course design 

The scores received from the sample of 381 doctoral candidates were analysed for 
averages, medians and standard deviations to identify priorities for further course 
design (Table 1). The averages show that issues related to feedback were found to be 
of minor challenge among the 15 components but the mere fact that they were raised 
in student responses naturally calls attention to the emotive processes involved in 
critique. 
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Table 1.  Results from the quantitative survey (n=381). 

 
 
In the entire listing, two items, Getting started with writing and Not getting too 

emotional when receiving feedback yielded an above-average standard deviation, 1.01 
and 1.06, respectively, indicating that some students deviated strongly from the gen-
eral trend with their opposing perceptions. Three items received upper-scale medians: 
Detecting my own mistakes, Polishing my style and Expressing my views with preci-
sion, meaning that they were by half of the respondents scored as 5 in the survey, 
corroborating the score averages and signaling the urgency of these learning foci. The 
element averaging highest, Detecting my own mistakes, coincides with today’s peda-
gogic trend towards reflective practice [41], encouraging the implementation of strat-
egies that help students to help themselves.   

The importance of Academic style, ranking second in the present survey, is con-
firmed by also other studies showing that the author’s specific stylistic and organiza-
tional choices matter greatly as they support overall text usability but also the build-
up of author credibility and content reliability by steering reader perceptions [42]. 
Style is probably the most evident feature of academic writing: it materializes in many 
aspects and levels of writing and visibly manifests the register or genre of the text. 
Fortunately, as style mostly materializes in micro-level language usage, it is also easy 
and quick to improve. However, the composition of text not only involves micro-level 
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mechanics of writing but also deeper, macro-level strategies supporting argumenta-
tion and positioning and enhancing persuasion and credibility aims [43]. 

Both the quantitative and qualitative studies revealed handicaps in author ability to 
make solid arguments instead of conveying insights or intuitive opinions. In the pre-
sent survey, student concerns over preciseness convey an academic awareness and 
stance, as precision and accuracy constitute important features of academic writing, 
especially in terms of argumentation.  Precision and clarity of expression are particu-
larly essential when critically reporting one’s own empirical results but also when 
objectively reviewing other authors’ studies while providing sufficient credit [44], 
[45]. 

Alarmingly, the top-5 list includes a mental component, Getting started with writ-
ing, which draws attention to the socio-emotive load involved in the writing process. 
Students’ writing strategies obviously require more attention but due to time con-
straints in a course as short as 36 hours, and also due to teacher unpreparedness for 
such a demanding topic, the writer’s block is addressed only superficially in small 
group discussions and teacher feedback sessions and some general guidelines are 
sketched for drafting a new text. However, the teacher is adamant about future inclu-
sion of such mental processes.  

Grammar being raised as a challenge was somewhat surprising, as the English pro-
ficiency level is extremely high among doctoral candidates. This result can perhaps be 
explained by the European education system, in which language teaching has tradi-
tionally placed much emphasis on grammar and correctness. As a result, students are 
proficient but also excessively cautious about making mistakes. Correct grammar is 
naturally a concern in academic writing that aims at publication but respondent biases 
stemming from educational emphases may have influenced the scores received for 
this question item. Also social desirability and the pressure students sense from the 
environment may encourage them to emphasize grammar in a survey that was orga-
nized by a Language Centre. The author is therefore inclined to attribute some of this 
concern rather to the education culture than any severe handicaps in the area. 

An analysis of the received data for score averages, medians and standard devia-
tions yielded a priority of course topics, with the averages indicated in Figure 2. 

Due to the small sample size (n=381) and rather unscientific labeling of the ques-
tion items based on the preliminary student responses, these results have to be regard-
ed as suggestive. However, they provide indication of the average needs of the ma-
jority and thereby suggest emphases for the course design.  
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Fig. 2. Thematic priorities based on the quantitative survey. 

3.3 Subsequent course principles 

Based on the data analyzed for the purposes of the present doctoral course design, 
the development endeavor described in this article deviated from bachelor’s and mas-
ter’s-level foci on language proficiency in other language courses at the University. 
To build on the knowledge acquired during basic degree studies and to elevate the 
level of difficulty of the learning content, this course centers on communicative as-
pects. The key pedagogic principle, usability, was adopted from the international ISO 
standard, which defines usability as "The extent to which a product can be used by 
specified users to achieve specified goals with effectiveness, efficiency, and 
satisfaction in a specified context of use" [46]. This aligns effectively with the aims of 
a course that promotes successful journal review outcomes, with publications being 
the products. 

Effectiveness in the related course refers to message accuracy and unambiguous-
ness, methodological validity, data reliability and scientific data commentary conven-
tions that provide due credit to original authors and leave the tone unaltered from the 
initial reporting. Efficiency was translated to this context as conciseness and lack of 
redundancy. Typically it also involves avoidance of nominalization and phrasal verbs, 
and a shift in voice from passive to active, which harnesses subject-verb connection 
and subsequent text intelligibility and flow, reducing reader effort. Finally, user satis-
faction here means readability and the subjective user experience, which can be pro-
moted through appropriate terminology, academic style, coherence and logical topi-
calization.  

In addition to a strong focus on usability topics, the course was founded on two 
pedagogic principles. First, all materials and exercises were authentic engineering 
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samples in a language bath style, to accustom the students to engineering conventions, 
jargon and idioms in a fashion as holistic and effective as possible. Second, the course 
put effort to ridding students of writing inhibitions by repeatedly highlighting two 
guidelines: 1) one learns to write by writing, and 2) quality comes from revision. 
These guidelines were enforced through continuous, constructive feedback, which 
departed from acknowledgement that the first draft is by default incomplete but will 
eventually grow into full-fledged academic output through iterative revising and peer 
input. 

3.4 Course design 

The 3 ECTS Writing Doctoral Research course follows the standard 36-hour frame 
of the University, with 9 sessions organized into 4-hour blocks (Figure 3). The ses-
sions were organized and built on the foundation of the survey results as follows: 

1. As the survey indicated already with smaller samples, detecting one’s own mis-
takes (1st) poses challenges to any writer, which is why a peer review was added 
early on to the end of every session. By monitoring mistakes in a peer’s paper, re-
searchers learn to detect errors in their own manuscripts. In addition, 4 of the ses-
sions were dedicated entirely to teacher/peer feedback for more detailed scrutiny. 

2. As style emerged as the most critical topic (2nd), an entire session was dedicated to 
stylistic features in academic writing for publication. 

3. Precision of claims and accuracy of arguments ranked 3rd and 6th, respectively, in-
dicating that reporting posed problems for the doctoral candidates in the sample. A 
session was therefore designed to cover data commentary and reporting conven-
tions, which provide most incidents and a logical ground for claim statements and 
arguments. 

4. Organization of sentences and ideas were identified as difficult (7th and 9th, respec-
tively), which revealed the need to focus on coherence, redundancy, readability and 
flow, that is, aspects impacting reader satisfaction. 

5. Grammar (4th) was subtly integrated to all sessions and teacher reviews as an in-
herent component in a language course.  

6. Such mental issues as writing inhibitions (5th) as well as processes involved in 
feedback (emotionality 14th and acceptance of criticism 15th) were focused on in 
the last, wrap-up sessions in a targeted fashion but naturally also whenever emo-
tional challenges were addressed by students in class. 

7. Additionally, the qualitative analysis revealed that engineers lacked patterns and 
strategies establishing the relevance of their topic, as well as rhetorical elements 
supporting their positioning. These themes comprised the course opening and al-
lowed the doctoral candidates to delve into their Introductions and Abstracts.  

Overall, the course skeleton could be depicted as illustrated in Figure 3. 
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Fig. 3. Writing Doctoral Research course organization. 

Four of the sessions are dedicated to half-group teacher/peer-reviews so that each 
candidate receives feedback that is prepared beforehand on his/her manuscript twice 
during the course. In addition, each lecture ends in a 30-minute peer review, in which 
students monitor each other’s products against a checklist that reviews the topics 
covered in the session in question. This serves as means of responding to student calls 
for more mentoring, mental support and face-to-face supervision. It is also a solution 
to the number 1 problem raised in the analysis: detecting mistakes in their own writ-
ing. 

It is important to note that even after 6 years, the course is still work in progress. In 
alignment with the principles of design-based research, the course evolves continually 
through iteration based on new student groups’ needs and feedback. Continuous de-
velopment is naturally a necessity also as the doctoral candidates’ manuscripts focus 
on technology topics; to secure authenticity, relevance and up-datedness, the exam-
ples and exercises must keep up with real-life trends and technological development.  

4 New policy call  

University units typically demonstrate their qualification through research orienta-
tion, with staff excellence being measured by publication productivity. Fortunately, 
the shift in focus towards didactic and pedagogical competences [47] is directing 
attention to teachership that positively impacts learning outcomes. Such verbal and 
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nonverbal behaviors that lead to student empowerment, motivation and perception of 
connectedness stem from teacher’s service-mindedness and positively alter the stu-
dent-teacher relationship [48], supporting post-graduate study progress and expediting 
degree completion [49]. 

A fundamental change of this magnitude in teaching practices is urged by calls to 
move from processual transmission of substantive knowledge to a more holistic build-
up of professional expertise and reflective practice in engineering education [50]. 
Teachers are expected not only to master their subject matter but also to know their 
learners and learner needs [51]. This is fundamental when designing targeted curricu-
la for the doctoral level [52].   

Securing teachers’ professional development serves as a key strategy in education-
al reform [53]. Improvement towards pedagogic excellence requires distributed lead-
ership, redistribution of power to teachers and continuous learning. In the absence of 
training and formal education, teachers need to take responsibility for their self-
development but this poses expectations for teacher authority and autonomy, not only 
as teachers but also as researchers. Pedagogical leadership and the related capacity 
build-up necessitates democracy and independence, but also initiative, energy, com-
mitment and responsibility – not to mention funding in terms of hours allocated to 
research [54].  

This investigation aims to advance doctoral candidates’ benefits by shifting educa-
tional reform foci to teacher-researchers, even and especially in the case of language 
teachers. This has persistently been challenged by policy-level decisions that as lan-
guage studies represent the non-core, they do not have to be based on empirical re-
search. These arguments overlook the potential in integrated teaching, which intensi-
fies multidisciplinary learning [55].   

However, several arguments promote such a reform. First of all, students have the 
right to expect research-based teaching in all sectors of their degree studies.   Second, 
teacher motivation can easily be elevated by securing the relevance of the education 
supply through authentic student demands. Third, teachers’ competences grow when 
they are allowed to research and learn more about topics of relevance and of authen-
ticity. Finally, teacher resources can best be secured through research evidence that 
substantiates the (re-)allocation of scarce university resources in the classroom. How-
ever, such institutional and teacher renewal requires efforts from teacher-researchers 
[56] that must be compensated for. 

5 Conclusion 

The increasingly competitive research economy has pushed universities to re-
examine their doctoral offerings.  Efforts abound but they have often been accused of 
being divorced from the problems of everyday practice. To bridge the gap between 
theoretically oriented institutional policies and classroom practice, this study set out 
conceptualize an intervention that would draw on authentic post-graduate needs. To 
design syllabi for the doctoral level that would fill both individual researchers’ re-
quirements and those of their host university, this study examined needs and factors 
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impacting publication productivity. Scholarly writing was earlier dismissed as a mere 
cosmetic component of little importance in the overall thesis process, compared to the 
scientific and empirical investigation. It has also been regarded as a skill that could be 
taught separate from content and context [57]. This, however, underestimates the 
complexity of thesis writing, in which the field-specific conventions, unique discours-
es and research traditions dictate and characterize the writing style and structure.  

A particular challenge with doctoral education stems from the pressure to address 
both the quality and the quantity of doctoral outputs. Students often regard these as 
competing aims, but contrastively, this study implies that investment in one, quality, 
bolsters the other, quantity, as facilitation of academic writing strategies tends both to 
lift the quality of writing and to speed up the writing process. Overall, the analysis 
reported in this article not only points out emphases for a doctoral writing course but 
also signals that thesis completion depends strongly on university-provided support 
for the writing process, directed to such dimensions of text usability as efficiency, 
effect and reader satisfaction, as well as the authors’ mental processes. 

When aligning with the recent trends for demand-driven education and service ori-
entation, the performability of research support can no longer be measured only in 
terms of such calculable terms as publication productivity and degree attainment time. 
Instead, or rather additionally, focus ought to be directed to quality: the motivational 
aspects embedded in the supervision process, including inspiration and emotive sup-
port as well as the level of specificity and contextualization of teaching content de-
serve more attention.  

Such a new stance to investment in and monitoring of research outputs requires ca-
pacity building, not only of teachership but also of the entire university arena. This is 
the only way towards a broader scope of education, a more productive researcher base 
– and a more sustained transformation of the university institution into a high-
performing service unit. However, it is important to acknowledge that ultimately the 
transformation takes place in the classroom and is led by teacher-researchers, for 
whom analysis of student needs should be made business as usual among their con-
stant efforts to improve educational practices.  
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Abstract—Dispositions of 286 engineering faculty members were assessed 
to determine views about three student-centered classroom strategies and how 
frequently faculty used those strategies. The student-centered classroom strate-
gies examined were: using formative feedback to adjust instruction, integrating 
real-world applications, and promoting student-to-student discussions during 
formal class time. The Value, Expectancy, and Cost of Testing Educational Re-
forms Survey (VECTERS), based on expectancy theory, was designed, tested, 
and validated for this purpose. Results indicate using strategies, such as forma-
tive feedback, are significantly tied to perceived benefits and expectation of 
success. Using student-centered strategies is inversely related to the perceived 
cost of implementation – with more frequent users perceiving lower cost of 
time and materials.  

Keywords—Student-centered; expectancy theory; formative feedback; engi-
neering education 

1 Introduction 

As part of an evaluation of a grant funded professional development for engineer-
ing faculty, a goal was to detect attitudes of faculty members toward specific practices 
and compare that to how often the practices were used in classrooms. This is different 
than evaluating faculty dispositions toward universal concepts such as inquiry learn-
ing or constructivism. A review of research led to several related instruments, but 
none provided the desired functionality. Ultimately, what was found lacking in the 
canon was an instrument detecting dispositions about specific strategies, particularly 
for engineering. The desire was to evaluate mindsets regarding specific teaching strat-
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egies and begin to understand what variables may be affecting use and nonuse. Be-
cause it had been informally observed that engineering professors may integrate one 
student-centered strategy but not another, it was preferred to evaluate dispositions per 
strategy. To achieve this goal, a new instrument, based on expectancy theory, was 
developed: this was the Value, Expectancy, and Cost of Testing Educational Reforms 
Survey (VECTERS). 

In this paper we first provide a reporting of the VECTERS instrument construction 
and usability that includes its development, theoretical framework, results from test-
ing with a large sample, and its revised form. The three classroom strategies integrat-
ed into VECTERS are (1) using formative feedback to adjust instruction (2) integrat-
ing real-world applications, and (3) facilitating student-to-student discussion during 
class time. Second, we address our primary research question: What is the relation-
ship between the use of a particular student-centered strategy and an instructor’s dis-
position regarding, (a) value of the strategy, (b) expectation of the strategy to succeed, 
and (c) considered cost of using the strategy?  

2 Relevant Literature 

2.1 Student-Centered Strategies 

VECTERS solicits views about the implementation of three student-centered learn-
ing strategies. While there are certainly other strategies that fall under this banner, the 
three selected are pedagogical rallying points promoted within the professional devel-
opment. In general, the professional development encouraged instructors to move 
their classrooms toward being environments where students have voice, instructors 
are responsive to varying student backgrounds, and relevancy between coursework 
and real-world applications become evident. The limits of this paper do not allow an 
exhaustive review regarding the three strategies, nevertheless an overview is provided 
for each. 

Formative feedback. The iterative use of formal and informal assessments as a 
means to support a learner is valuable to the learning process [1]. The concept of 
learning from one’s own attempts and integrating newly developed understandings to 
existing schema aligns to learners using formative feedback to construct and re-
construct their knowledge and skills [2]. Much of the literature on formative feedback 
focuses on learners being primary consumers of the feedback and using it to con-
sciously improve their own understanding [3]. In higher education, the activity of 
formative feedback often ends with the transmission of the feedback from instructor 
to student, with the onus on students to make improvements [4].  

The professional development from which VECTERS emerged focused on delib-
erate use of formative feedback that is two-way. This emphasizes instructors adjusting 
instruction based on what they learn about students’ comprehension. This moves the 
dynamic of formative feedback beyond students just studying “what they missed,” 
and places responsibility on faculty to adapt instruction. This may take the form of 
immediate adaptation of instruction based on responses from electronic response 
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systems, aka “clickers” [5]. Likewise, formative feedback may manifest through for-
mal collection of what students find to be the “muddiest points” from a lesson fol-
lowed by altering instruction the next day [6]. This type of instructional responsive-
ness has shown to positively affect classroom dynamics as well as persistence and 
achievement in undergraduate engineering courses [7, 8].   

Real-world applications. Clearly many facets of an engineering course can be ar-
gued as relating to the real world. To provide focus, the definition of real-world appli-
cations is described as when an instructor deliberately demonstrates relevance through 
the integration of problems that are related to real-world problems and/or underscores 
connections to industry and design. Integration of pedagogy that emphasizes rele-
vance and connections to the real-world have been shown to support student engage-
ment, persistence, and comprehension [9]. Integration of real-world applications 
moves the responsibility to instructors to be explicit about the real-world application 
of what is being learned and to clarify how future careers integrate these skills. Real-
world connection can manifest on a large scale such as having students form engi-
neering design teams that address community problems [10] or more ordinarily occur 
as emphasizing real-world connections in the form of contextualized problems and 
workplace connections [11].  

Student to student discussion. When instructors attempt to make their classes 
more dynamic, getting students to engage in discussion is one of the most popular 
strategies [12]. The term discussion in a college classroom context can have broad 
interpretations including integrating peer tutors or even interpreting the use of an 
electronic response system (clicker questions) as a type of discussion. Discussion can 
also be minimally interpreted as a lecturer asking a series of questions followed by a 
negligible amount of student responses before proceeding. Here discussion is defined 
as student-to-student discourse that is deliberate, occurring during class time, initiated 
by the instructor, and focused on furthering understanding of concepts.  

Although research supports the efficacy of student-to-student discussion [13], ac-
tual use of the strategy in college lecture halls has been slow to progress [14]. Facili-
tation of discussion that seeds students with questions that flow within the context of 
a lesson can be helpful in promoting comprehension of new concepts. If students are 
left to their own devices and merely encouraged to discuss with one another after 
class, they may not possess necessary linguistic and interactional skills needed to 
develop shared meaning as they would during facilitated classroom discussion [15].  

2.2 Expectancy Theory 

Expectancy theory in educational research literature is typically described from 
student perspective. A student’s expectation of how well they will perform on a task 
is viewed as influencing effort and consequently performance [16]. From an instruc-
tor’s perspective, expectancy theory frames the effort that must be expended in order 
to modify instruction. In this context, our expectancy framework is based on an ex-
pectation of success, considered value, and an accounting of costs.  

Related to the expectancy of success is the value that individuals place on attain-
ment of an end goal. Attainment value therefore also predicts effort and determination 
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[17, 18]. Value is sometimes equated as a combination of the value of the input (i.e., 
costs) plus the value of the output. This combines the cost of achieving a goal with 
the attraction of achieving the goal. We chose to separate these elements of value. The 
input values are considered costs and the outputs are value.  

Based on expectancy theory, implementation of an educational reform often meets 
limited success for one or more of three reasons: perception of low value, belief of 
likely to fail, and assessment of high cost. In many cases the reform is never even 
transferred from professional development to the classroom because an instructor 
believes the strategy will have little or no added value for students; or because in-
structors anticipate instituting the strategy will lead to a less effective learning envi-
ronment; or simply because instructors consider the expenditure of time and materials 
too great of a price tag to pay. 

3 Research Questions 

1. What is the relationship between the value placed on a student-centered teaching 
strategy and use of the strategy? 

2. What is the relationship between the expectation of success with a student-centered 
teaching strategy and use of the strategy? 

3. What is the relationship between the cost associated with implementing a student-
centered teaching strategy and use of the strategy? 

4 Method 

4.1 VECTERS Instrument 

The three constructs of VECTERS are based on expectancy theory: value, expecta-
tion of success, and cost. 

Value. The construct of value is tied to benefit. Implementing a classroom strategy 
may have benefit for students but it can also be supposed that the strategy can have 
detrimental effect (i.e., negative value). VECTERS contains eleven value items. Eight 
of the value items address perceived value (negative and positive) for students; and 
three of the value items focus on how implementing a strategy may have direct value 
for the instructor.  

Expectancy. The expectancy construct hinges on the vision of the learning envi-
ronment when the strategy is implemented. These visions, or expectations, of the 
learning environment outcome are categorized by internal and external attribution 
types. That is, expectation of success, or lack thereof, might be attributed to students’ 
ability to “handle” the strategy, or might be attributed to the instructor’s view of their 
ability to implement the strategy. Further, expectation of success can be externally 
attributed to the physical classroom environment – a lecture hall versus a small class-
room, or hundreds of students versus a couple of dozen students. VECTERS contains 
ten expectancy items. Five of these items align with expectancy related to students, 
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two items focus on expectation of success due to the instructor’s capacity, and three 
items associate expectancy of success with the physical environment or actual con-
tent.  

Cost. Cost items address the perceived expenditures of implementing a classroom 
strategy. VECTERS includes five cost items. Among these five items, three address 
time costs, one item addresses the cost of teaching assistants, and one addresses the 
cost of overall effort in implementing a strategy.  

Overall Design. Twenty-six value, expectancy, and cost items appeared on 
VECTERS as a mix of both negative and positive statements to which respondents 
indicated their level of agreement on a Likert four-point scale, from strongly disagree 
to strongly agree. Engineering faculty responded to the 26 items for each of the three 
classroom strategies (formative feedback, real-world applications, and initiating stu-
dent-to-student discussions), thus yielding 78 datum points. An example of the ques-
tion format is provided in Table 1. This layout was influenced by the work of Abrami, 
Poulsen, and Chambers [19] who developed the cooperative learning implementation 
questionnaire (CLIQ).  

Table 1.  VECTERS example items 

Example Items 

Formative Feedback 
(collecting ongoing 
feedback from students 
and altering instruction 
throughout the semester 
based on feedback) 

Real-world Applica-
tions (demonstrate 
relevance, integrate 
real-world problems, 
underscore connections 
to industry and design) 

Instructor initiated 
student-to-student 
discussions during 
class (focused on 
furthering under-
standing) 

Value item: 
Use of the strategy/tool 
helps students obtain a 

deeper understanding of the 
material. 

1        2       3       4 1        2       3       4 1        2       3       4 

Expectancy item: 
Using this strategy/tool 

may make class too chaotic. 
1        2       3       4 1        2       3       4 1        2       3       4 

Cost item: 
It is very difficult to im-
plement this strategy/tool 

without specialized materi-
als. 

1        2       3       4 1        2       3       4 1        2       3       4 

4.2 Sample 

To acquire an adequate sample for testing VECTERS, an invitation to complete the 
survey was sent to 19 of the 20 largest colleges of engineering in the United States. 
One of the 20 largest colleges is the authors’ institution and was omitted since several 
of those faculty members would be requested to complete a subsequent version of 
VECTERS. Engineering faculty members were invited via email to complete 
VECTERS online. The invitation was for faculty who taught undergraduate engineer-
ing.  
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A total of 286 responses were received. Though this was suitable to conduct relia-
bility and validity testing, it was not possible to determine the response rate because 
the request was sent to all available email addresses of engineering faculty members 
listed on college websites and many of those email addresses were associated with 
faculty not teaching undergraduate courses.  

4.3 Coding 

Data from negatively worded value and expectancy items were adjusted so that a 4 
on the 1 to 4 scales indicated perception of high value or high expectancy of success. 
Likewise, data from cost items that implied high expenditure (e.g., implementing this 
strategy takes too much preparation time) were adjusted so that a response of 4 indi-
cated the respondent viewed cost as being high.  

4.4 Internal Consistency 

Reliability of VECTERS was assessed by calculating Cronbach’s alpha coeffi-
cients. The Cronbach’s alpha coefficient calculations were first made across all 26-
items for all three strategies (i.e., 78 items collectively), and then applied to each of 
the three sub-instruments (formative feedback, real-world applications, and student-
to-student discussion).  

4.5 Construct validity 

VECTERS construct validity was evaluated by examining relationships between 
respondents’ self-reports of extent to which the three strategies are (1) currently being 
implemented, and (2) are planned to be implemented. For each strategy, a 2x3 matrix 
was produced; these indicated relationships between usage (current and planned) with 
VECTERS mean ratings (value, expectancy, cost). The supposition was that those 
scoring higher on VECTERS’ value and expectancy items, and lower on cost items, 
would be more likely to currently be integrating a classroom strategy and would be 
more likely to plan on using the strategy in the future (either initiating or continuing 
to use). Construct validity was further examined by applying orthogonal (varimax) 
rotation factor analysis. Analysis was applied to VECTERS’ three sub-tests. This 
supported item reduction analysis and a resulting final version of VECTERS (Appen-
dix).  

5 Results 

5.1 Relationship of Variables 

The internal consistency reliability for VECTERS items was high (Cronbach’s ! = 
.90). Cronbach’s alpha values for the subsets of formative feedback, real-world appli-
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cations, and student-to-student discussion (0.83, 0.76, 0.82, respectively) were also at 
acceptable reliability levels.  

Mean responses regarding the extent to which respondents used a particular strate-
gy, now and in the future, were calculated. Faculty members indicated on a Likert 
scale if they were using or planned to use each of the three strategies from “not at all” 
(value = 1) to “entirely” (value = 4). Results indicated real-world applications were 
used most often by engineering faculty, with the other two strategies approximately 
equivalent in use (Table 2). 

Table 3 provides correlations between mean scores for the constructs of value, ex-
pectancy and cost, per each classroom strategy, with the reported level of implemen-
tation of the strategy.  

Table 2.  Current and future use of specific classroom strategies 

 Formative Feedback Real-world Applications Student-to-student discus-
sion 

 Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
Current use 2.45 .90 3.15 .80 2.58 1.1 
Future use 2.69 .91 3.31 .73 2.83 1.0 

Table 3.  Correlations (r-value): Implementation with VECTERS constructs 

  Value Expectancy Cost 

Formative feedback 
Current use .60** .53** -.37** 
Future use .62** .50** -.32** 

     

Real world applica-
tion 

Current use .44** .34** -.27** 
Future use .40** .25** -.13* 

     

Student to student 
discussion 

Current use .60** .56** -.45** 
Future use .60** .58** -.40** 

  * significant at 0.05 level       ** significant at 0.01 level 
 
These relationships met predictions. Among all three classroom strategies, instruc-

tors’ reported use of the strategy was positively correlated to their dispositions regard-
ing the value of the strategy and their expectation of success. The first of these posi-
tive relationships implies that instructors who believe a strategy has value for their 
students and for themselves uses that strategy more often. Similarly, instructors who 
expect successful implementation of a strategy are more inclined to use that strategy. 
The negative relationships found between cost and reported usage met expectations of 
expectancy theory. These negative relationships imply that higher use correlates with 
diminished view of the cost of integration.  

Because the constructs of value and expectancy were comprised of items that could 
be further categorized, we drilled down deeper and conducted an exploratory correla-
tion analysis. Again bivariate analyses were examined between the sub-classifications 
with reported current implementation and with planned implementation. The subcate-
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gories and example items are provided in Table 4. Because there were only five cost 
items, and these were cohesive, no cost subcategories were isolated. 

Table 4.  Subcategories of value and expectancy items 

Construct Sub-category n Example item 

Value 
value for students 8 Using this strategy/tool fosters positive 

student attitudes towards learning. 
value for instructor 3 Using this strategy/tool aids my career. 

Expectation of success 

based on students 6 My students lack the skills necessary to 
effectively use this strategy/tool. 

based on instructor’s 
ability 2 My knowledge of this strategy/tool is 

sufficient to implement it successfully. 
based on the physical 
environment 2 The physical set-up of my classroom is an 

obstacle to using this strategy/tool. 

 
The greatest predictor for current use (r = 0.6) and planned use (r = 0.61) of forma-

tive feedback was the subcategory of seeing value for students. Similarly, current use 
(r = .48) and planned use (r = .46) of real-world applications was best predicted by 
seeing it as valuable for students. This finding was consistent for facilitating student-
to-student discussions which was also best predicted by seeing value for students (use 
now, r = .61; planned use, r = .62). Nearly all other subcategories were significantly 
correlated (p < .05) with both current implementation and planned implementation, 
with r-values ranging from approximately 0.2 to 0.6. The exception was there was no 
significant relationship between current use (r = .01) or planned use (r = .05) with the 
belief that using student-to-student discussion had value for the instructor.  

5.2 Exploratory factor analysis 

Factor analysis was applied to VECTERS’ three sub-tests, per the classroom strat-
egies of formative feedback, real-world applications, and student-to-student discus-
sion (26-items per sub-test). Factor analysis was used because of interest in determin-
ing how variables grouped on the basis of strength and correlation, and to assess how 
well those groupings aligned to the designed constructs of value, expectancy, and 
cost. Based on traditional guidelines of retaining all factors with eigenvalues greater 
than 1 [20], initial analysis of eigenvalues and the scree plots suggested retaining five 
factors for formative feedback, accounting for 59.5% of the variance; eight factors for 
real-world applications, accounting for 65.5% of the variance; and five factors for 
student-to-student discussion, accounting for 61.6% of the variance. To streamline 
comparisons, only six factors were retained for real-world applications because the 
seventh and eighth factors did not contain at least two items loading at a level of 0.6 
or above. The total variance accounted for by the six retained factors for real-world 
applications was 55.0%.  

The strongest VECTERS items for each of the three sub-tests are provided in Ta-
bles 5, 6, and 7. Four items are shown for each factor unless the factor loading was 
less than 0.6 - in those cases fewer than four items are presented. To streamline 
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presentation, the factors are presented across the three tests as A1, A2, A3 . . .B1, B2, 
. . C1 . . . etc. Items in the third columns are in order of descending relative strength.  

Table 5.  Formative feedback, factor analysis 

Factor 
Cumulative 
Variance % Items Loading Strongest on this Factor 

A1 16.9% 

Expectancy – disagrees that strategy will not work with my students 
Expectancy – disagrees that strategy interferes with actual learning 
Value – disagrees that strategy hinders ability to fairly assess students 
Expectancy – disagrees that strategy may make class too chaotic 

A2 32.8 

Value – motivates students 
Value – helps students obtain deeper understanding 
Value – increases student comprehension 
Value – promotes valuable collegiality among students 

A3 44.2 

Cost – takes too much prep time 
Cost – requires a lot of effort 
Cost – difficult to implement without specialized materials 
Cost – requires considerable use of TAs 

A4 52.0 

Expectancy – I understand this strategy well enough to implement successful-
ly 
Expectancy – My knowledge of this strategy is sufficient to successfully 
implement 

A5 59.5 Value – using this strategy aids my career 
Value – is aligned with goals of my college and university 

Table 6.  Real-world applications, factor analysis 

Factor 
Cumulative 
Variance % Items Loading Strongest on this Factor 

B1 15.4% 

Value – the strategy is a valuable instructional approach 
Expectancy – disagree that strategy interferes with actual learning 
Expectancy – disagrees that strategy will not work with my students 
Value – disagrees that strategy hinders learning of bright students 

B2 25.9 

Cost – takes too much prep time 
Cost – requires a lot of effort 
Cost – difficult to implement without specialized materials 
Cost – requires considerable use of TAs 

B3 34.1 Value – increases student comprehension 
Value – motivates students 

B4 41.7 

Expectancy – My knowledge of this strategy is sufficient to successfully 
implement 
Expectancy – I understand this strategy well enough to implement success-
fully 

B5 48.6 Value – using this strategy aids my career 
Value – is aligned with goals of my college and university 

B6 55.0 
Expectancy – disagrees that physical set-up of my classroom is an obstacle 
Expectancy –  disagrees that there are too many students to implement 
successfully 
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Table 7.  Student-to-student discussions, factor analysis 

Factor Cumulative 
Variance % Items Loading Strongest on this Factor 

C1 19.4% 

Value – motivates students  
Value – increases student comprehension 
Value – fosters positive attitudes towards learning 
Value – promotes valuable collegiality among students  

C2 35.2 

Expectancy – disagrees that strategy will not work with my students 
Expectancy – disagrees that strategy interferes with actual learning 
Expectancy – disagrees that strategy inappropriate for the subject taught 
Expectancy – disagrees that students lack necessary skills to be effective 

C3 47.4 

Cost – takes too much prep time 
Cost – difficult to implement without specialized materials 
Cost – requires considerable use of TAs 
Cost – requires a lot of effort 

C4 55.2 

Expectancy – My knowledge of this strategy is sufficient to successfully 
implement 
Expectancy – I understand this strategy well enough to implement success-
fully 

C5 61.6 
Expectancy – disagrees that physical set-up of my classroom is an obstacle 
Expectancy –  disagrees that there are too many students to implement 
successfully 

 
A crosswalk examination of the factor analyses presented in Tables 5, 6, and 7, led 

to connections and themes becoming evident. A dimension termed “functionality” is 
represented in factors A1, B1, and C2. These three factors share items that point to-
ward a belief that the strategy simply will work with students and a dismissal of the 
notion that the strategy somehow interferes with learning.  

Also cutting across all three strategies is a dimension referred to as “expense.” The 
expense dimension (represented by factors A3, B2, and C3) is present among all three 
of the strategies and the exact same four cost items rank highest across all three strat-
egies. The only cost item that did not load heavily in the expense dimension was the 
statement that “there is too little time available during class to implement this strategy 
effectively.” The implication here is that the commodity of class time is viewed dif-
ferently than the cost of out-of-class expenditures such as teaching assistants (TAs), 
materials, and preparation time. This may also speak to high variability in the amount 
of minutes allotted per week across the different colleges and courses. 

A third important dimension is termed “student benefit.” This is represented by 
factors A2, B3, and C1. This dimension corresponds to the sentiment that use of a 
strategy aids student comprehension and motivates students. A dimension of “person-
al ability” also cut across all three strategies and is represented by A4, B4, and C4. 
Finally, other dimensions cutting across at least two strategies but accounting for 
comparatively less of the variance than those listed above are the following. Factors 
A5 and B5 represent a dimension of “job expectation.” Additionally, factors B6 and 
C5 represent a dimension of “physical environment.” 
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6 Conclusion 

In response to the primary research questions, this study indicated strong relation-
ships exist between the use of a student-centered strategy and an engineering instruc-
tor’s disposition about that strategy. This supports the theoretical framework of ex-
pectancy theory. More importantly, the findings underscore how attitudes and percep-
tions can act as gatekeepers. An implication here is that effective professional devel-
opment must address not just the logistics and mechanics of integrating classroom 
lessons, but must tackle the difficulty of affecting attitude.  

This study also yields an assessment tool with broad application potential. Item 
analysis pointed toward cohesiveness and strong interconnections. The examination 
of construct validity played out well for value, expectancy, and cost. The cost-
decreases-with-usage relationship indicates that using a strategy is negatively related 
to perception of high cost. This finding aligns to research indicating that when people 
perceive a reform to have first-order barriers (i.e., external cost) they are less likely to 
implement; however users of a reform tend to minimize first-order barriers and focus 
on the more important second-order barriers such as views about effectiveness and 
potential for success.  

VECTERS is seen has having two useful future roles. First, as a diagnostic tool for 
engineering educators. However, this need not be limited to engineering faculty since 
the three classroom strategies are supported across multiple disciplines. Using 
VECTERS as one means of evaluating the dispositions of faculties over time can help 
to pinpoint mindsets and experiences that are hampering implementation of strategies.  
The revised VECTERS (Appendix) can be used in whole. Researchers adapting the 
instrument for their needs may choose to reduce and/or interchange the topics and 
then evaluate if the new instrument persists with sufficient reliability and validity 
strength. A second useful role for VECTERS may be as a tool that helps to facilitate 
discussion about teaching. In our professional development, items were selected from 
VECTERS as seeds of conversation among faculty members. Having meaningful 
discourse about the specifics of value, expectation, and cost, enriches dialogue. This 
type of deeper discussion aids instructors in developing introspection regarding their 
own beliefs and perceived obstacles of implementation.  
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10 Appendix 

VECTERS 2.0, (items after factor analysis reduction) 
Contact authors for a complete version including demographic questions. 

 
1 = Strongly Disagree 2 = Disagree 3 = Agree 4 = Strongly Agree 

 

Formative 
Feedback 
(collecting 

ongoing feed-
back from 

students and 
altering in-
struction 

throughout the 
semester based 
on feedback) 

Real-world 
Applications 
(demonstrate 

relevance, 
integrate real-
world prob-
lems, under-
score connec-
tions to indus-
try and design) 

Instructor 
initiated stu-

dent-to-
student discus-

sions during 
class (focused 
on furthering 
understand-

ing) 

2. I understand this strategy well enough to implement 
it successfully. (E) 1      2     3     4 1      2     3     4 1      2     3     4 

3. My knowledge of strategy is sufficient to imple-
ment successfully. (E) 1      2     3     4 1      2     3     4 1      2     3     4 

4. My students lack the skills necessary to effectively 
use this strategy. (E) 1      2     3     4 1      2     3     4 1      2     3     4 

5. Using this strategy may make class too chaotic. (E) 1      2     3     4 1      2     3     4 1      2     3     4 
6. Too many students in class to implement strategy 
effectively. (E) 1      2     3     4 1      2     3     4 1      2     3     4 
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7. Using this strategy interferes with actual learning. 
(E) 1      2     3     4 1      2     3     4 1      2     3     4 

8. This strategy is inappropriate for the subject I 
teach. (E) 1      2     3     4 1      2     3     4 1      2     3     4 

9. This strategy will not work with my students. (E) 1      2     3     4 1      2     3     4 1      2     3     4 
10. Physical set-up of classroom is an obstacle to 
using this strategy. (E) 1      2     3     4 1      2     3     4 1      2     3     4 

11. Use of this tool/strategy hinders learning of bright 
students (V) 1      2     3     4 1      2     3     4 1      2     3     4 

13. Using this strategy aids my career. (V) 1      2     3     4 1      2     3     4 1      2     3     4 
14. This strategy is a valuable instructional approach. 
(V) 1      2     3     4 1      2     3     4 1      2     3     4 

15. Helps students obtain a deeper understanding of 
the material. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

16. Use of this strategy hinders my ability to fairly 
assess students. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

17. Using this strategy promotes valuable collegiality 
among students. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

18. This strategy is aligned with goals of my college 
and university. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

19. Using strategy fosters positive student attitudes 
towards learning. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

20. Increases students' comprehension and achieve-
ment. (V) 1      2     3     4 1      2     3     4 1      2     3     4 

21. Using this strategy motivates students. (V) 1      2     3     4 1      2     3     4 1      2     3     4 
22. The effort involved in implementing this strategy 
is great. (C) 1      2     3     4 1      2     3     4 1      2     3     4 

23. Difficult to implement this strategy without spe-
cialized materials. (C) 1      2     3     4 1      2     3     4 1      2     3     4 

24. Implementing this strategy requires considerable 
use of TA's. (C) 1      2     3     4 1      2     3     4 1      2     3     4 

26. Implementing this strategy takes too much prepa-
ration time. (C) 1      2     3     4 1      2     3     4 1      2     3     4 
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Abstract—In this paper, the subject of embedded systems education in the 
Arduino age is examined. Arduino is an open-source microcontroller platform 
that has been widely popular in the past decade among hobbyists and academ-
ics. Arduino is increasingly being adopted in courses that span different disci-
plines in schools and universities. As a result, numerous papers are being pub-
lished every year in different engineering education conferences and journals 
reporting the integration of Arduino in teaching. In this work, the impact of Ar-
duino on embedded systems education is investigated. First, challenges facing 
embedded systems education are identified from the literature. Second, different 
Arduino teaching integration methodologies reported in the literature are sur-
veyed and analyzed. Third, the question whether Arduino successfully address-
es embedded education challenges or not is discussed taking both surveyed 
findings and recent market trends into consideration. Finally, a number of open-
ended research directions are proposed. 

Keywords—Arduino, engineering education, embedded systems, microcontrol-
lers, open educational resources, open source hardware, open source software. 

1 Introduction 

Embedded systems in the engineering domain refer to systems that do not neces-
sarily have a computational task; yet they are controlled by a computing entity. This 
computing entity could be a microprocessor, a microcontroller, a Field programmable 
Gate Array (FPGA), or a Digital Signal Processor (DSP). Nowadays, these are such 
ubiquitous technologies that are being used in more applications than anyone can 
imagine. Such applications range from household appliances and office equipment, 
home automation, consumer electronics, to the automotive industry and beyond. 

The joint ACM/IEEE task force developed a 2016 draft model computer engineer-
ing curriculum1 in which the knowledge area of embedded systems could be allocated 
up to 40 core hours. The embedded systems knowledge area covers many topics con-
taining relevant tools, software techniques, input/output, serial communication, time 
measurement, and data acquisition. The number of hours allocated to this knowledge 

                                                             
1 https://www.computer.org/web/peb/curricula 
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area in 2016 was doubled from 2004 as a reflection of directions in which the disci-
pline has evolved.  

The work in [1] identified seven different models for embedded systems education. 
They identified which models were being used by surveyed universities in North 
American, Europe, and the Far East. These models ranged from teaching individual 
embedded systems courses in undergraduate level, graduate level, to developing com-
plete embedded systems programs. 

Embedded computing is divided into a number of categories in [2]. One category, 
which is the focus of this work, is small and single microcontroller applications. The 
authors stated that this topic serves well as an introduction to other embedded courses. 
The authors motivated their students with the use of exciting course projects. One 
major challenge for this type of a course as identified by the authors is that students 
do not like “heavy” engineering processes and that they tend to skip important soft-
ware engineering practices to meet deadlines.  

In general, teaching embedded systems could be hardware-oriented, software-
oriented, or hardware-software integration [3]. The authors presented how an “Intro-
duction to Embedded Systems” course should fit in the engineering curriculum, a 
placement similar to what was proposed in [4]. Moreover, the authors suggested that 
in hardware-oriented teaching, students should be given the opportunity to select 
and/or buy their own development kits at the beginning. In addition, the authors iden-
tified embedded engineering education challenges to be student-related (lack of 
knowledge, lack of motivation, planning skills …), lecture-related (spanning of sev-
eral fields, dynamic progress of technology, hardware and software compatibility …), 
and course-content related (limited-time, a discipline not well-defined) 

A research study was performed in [5] to investigate how to transform academic 
teaching to better equip students with design skills and fulfill industry needs. An in-
teresting finding was that both academics and professionals agreed that the students’ 
lack of motivation is due to the teaching style. In addition, results clearly showed that 
students are more interested to learn when presented with hands-on projects and prac-
tical applications. It was concluded that educators must focus on practice rather than 
theory in the classroom. 

A challenge facing the industry and academia collaboration was highlighted in [6]. 
The authors pointed that nowadays the technology cycle is shorter than the engineer-
ing education time, which means that what the industry needs now, should have been 
already provided by education in the past. This is the same lecture-related challenge 
(dynamic progress of technology) highlighted in [3]. The authors pointed out that one 
solution could be having early engineering education in basic and high schools [7]. 
Several other challenges identified by the authors included: the incorporation of such 
concepts as system integration, testing, and versification, the used learning platform, 
the adopted educational methodology (classes, laboratories, ...) and the followed eval-
uation and assessment scheme.      

In addition, the same authors developed their own embedded engineering learning 
platform (E2LP) [6, 8]. The platform was an attempt to address the issues previously 
raised while supporting 5 learning objectives covering embedded microprocessors, 
DSP, FPGAs, networks, and system integration. The authors use a single hardware 
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platform through all their courses to considerably reduce the learning time at the be-
ginning of each course. Again, this also addresses one of the lecture-related challeng-
es (hardware and software compatibility) highlighted in [3]. 

The idea to develop a single platform for all courses (E2LP) was followed to over-
come difficulties with laboratory classes highlighted in [9]. These difficulties included 
the time needed to learn new tools, the time needed to acquire and/or fabricate new 
parts, the support needed for design tools, the little reuse of equipment across differ-
ent courses, the time needed to manage projects. Authors pointed out that using dif-
ferent hardware platforms and laboratory tools across different courses can introduce 
around 30% overhead in both time and effort in order to learn the new tools. 

Fig. 1 illustrates different embedded education challenges identified in the litera-
ture. The figure adopts the same classification in [3] while adding a new class and 
highlighting how similar challenges were identified in other works.  

 
Fig. 1. Embedded education challenges. 

The added class in Fig. 1, instructor-related, refers to decision that need to be tak-
en by the instructor prior or during the course. This is based on two challenges identi-
fied in [6]. One challenge is the methodologies and tools for education, which high-
lights the need to carefully design the course structure and select the appropriate 
learning platform. Note that the platform selection could be also tied to the HW/SW 
compatibility challenge. The second challenge is the evaluation and assessment pro-
cedure adopted by the instructor in the course. 

 This review focuses on the use of Arduino in embedded systems courses. To the 
best of our knowledge, such an investigation has not been carried before in the litera-
ture. In specific, the goal of the study is to address the following questions: 

• How was Arduino adopted in embedded education? 
• Does the use of Arduino address the current challenges faced by embedded engi-

neering education? 
• What future research directions could be investigated?  
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The rest of the paper is divided as follows: Section 2 gives a brief background 
about Arduino. Previous works on the use of Arduino in embedded engineering edu-
cation are analyzed in Section 3. Section 4 summarizes the lessons learned and pro-
poses future research directions. Finally, the paper is concluded in Section 5. 

2 The Arduino Platform 

The Arduino project was first developed in Italy in 2005. As defined on their web-
site2 “Arduino is an open-source electronics platform based on easy-to-use hardware 
and software”. The Arduino platforms were built to address several issues in other 
microcontroller products making it more appealing for hobbyists, students, and teach-
ers. It has the advantages of low cost, cross-platform, simplicity of programming, and 
open-source extendable software and hardware.  

Arduino products are based on the 8-bit ATmega microcontrollers. Boards are 
equipped with a large number of digital and analog IO pins, serial communication 
modules, USB connection, and ICSP capability. Arduino boards are easily interfaced 
with external components for data acquisition and control applications. All Arduino 
boards could be connected to a number of shields developed for different applications. 

As a measure of the popularity of Arduino, Fig. 2 illustrates the results extracted by 
Google Trends regarding searches for three keywords, namely: Arduino, Raspberry 
Pi, and the PIC microcontroller. An interesting behavior to note is the general contin-
uous increase of the number of searches for Arduino and Raspberry Pi with Arduino 
having a higher number. On the other hand, the number of searches for the PIC mi-
crocontroller is gradually decreasing over the past five years. 

Moreover, as Arduino became more and more popular among academics, the num-
ber of publications involving the Arduino platform has considerably increased over 
the years. Fig. 3 illustrates the number of Arduino-related publications in the follow-
ing engineering education conferences: American Society for Engineering Education 
(ASEE), Frontiers in Education (FIE), IEEE Teaching, Assessment, and Learning for 
Engineering (TALE), and IEEE Global Engineering Education Conference 
(EDUCON). These publications either report using Arduino in education (in primary 
schools, high schools and universities), introducing new Arduino educational boards, 
recommending its use, or just acknowledging the technology. 

Some programs offer complete courses for learning Arduino. For example, two 
courses are dedicated for learning Arduino and its programming environment, and 
interfacing principles at the University of California, Irvine3 in an Internet-of-Things 
(IoT) specialization. 

Arduino is gaining interest from the industry as well. Referring to an embedded 
systems market study carried by UBM4 in 2014, 19% of the surveyed professionals 
are considering the use of Arduino in their next embedded project. 

 

                                                             
2 https://www.arduino.cc/en/Guide/Introduction 
3 https://www.coursera.org/specializations/iot 
4 http://bd.eduweb.hhs.nl/es/2014-embedded-market-study-then-now-whats-next.pdf 
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Fig. 2. Google trends extracted history of searches for the past 5 years. 

 
Fig. 3. Number of Arduino-related publications per year. 

3 Arduino In Embedded Systems Education 

This section analyzes previous works using Arduino in teaching embedded sys-
tems. Other works, which might not be cited, apply Arduino in freshmen engineering, 
adopt it in other disciplines, develop Arduino-based remote laboratories, implement 
Arduino-based educational kits, or use Arduino in pre-university education. 

Table 1 provides a comparison among different Arduino integration methods in 
embedded systems courses. The comparison is based on three metrics: Platform adop-
tion (Single vs. Multiple), Project type (Free vs. Restricted), Programming knowledge 
(Low-level vs. High-level vs. Both). These metrics are selected to reflect the level to 
which Arduino was injected into the course. A “Free” project type refers to students 
selecting their own project topics and/or technologies while “Restricted” means that 
these are enforced by the instructor [15]. In addition, Table 1 reports the course level, 
the assessment scheme followed by different works, and any reported advantages 
and/or concerns. 
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Table 1.  Arduino integration methodologies comparison 

Work Course 
Level Platform Project Program Assessment Advantages Concerns 

10 Junior Arduino Free C 
Reports + Presen-

tations + Video 
Demos 

Student’s motiva-
tion; Accessibility 

Timers inac-
cessible 

11 Third 
year 

Arduino + 
FPGA + PIC Free C Presentations + 

Demo 

Interesting varied 
and projects; Ease 

of interfacing 
external chips 

Low-level 
concern; 
Student’s 

contribution; 
missing topics 

12 Third 
year 

Arduino + 
Raspberry Pi 

+ BeagleBone 
Free C Reports + Presen-

tations + Demo 
Improved system 

design capabilities NR 

13 Senior Arduino + 
FPGA Free C Reports + Presen-

tations + Demos 

Ease of use; Less 
development time; 
Logistical issues 

NR 

14 Second 
year Arduino Free C Reports + Presen-

tations + Demos 
Increase in success 

rate 

Low-level 
concern; 
Student’s 

contribution 

15 Third 
year 

PIC + Ar-
duino Free Assembly 

+ C 
Reports + Presen-
tations + Demos 

Interesting pro-
jects; Improved 
performance in 

capstone 

Student’s 
contribution 

16 Junior Arduino + 
Suggested Free C + 

Assembly 
Reports + Presen-

tations 
Support material; 
little lab space; 

Student’s 
contribution; 
Hidden code; 

Clocking 
applications 

17 Master Arduino Re-
stricted C 

Reports + Presen-
tations + Video 
Demos + Self- 

and Peer-
assessment 

Increased satisfac-
tion; Increase in 

success rate 
NR 

 
Inspecting the first metric in Table 1 shows that Arduino was the single learning 

platform adopted throughout the course in [10, 14, 16, 17]. In [11], Arduino was 
compared against FPGAs and the PIC microcontroller used in previous course offer-
ings. In [12], the Arduino, Raspberry Pi, and BeagleBone were used in the embedded 
systems and capstone courses. In [13], both Arduino and FPGAs are concurrently 
used in the course delivery. In [15], the main platform adopted was the PIC microcon-
troller, while Arduino was the popular platform selected by students in implementing 
their course projects. In [16], students were encouraged to use another microcontroller 
in the project but Arduino was still allowed. An interesting observation is that over 
90% of students, when given the choice, select Arduino to implement their projects 
[11, 15]. 

For the course project metric, work in [17] enforced the project topic in home-
management Systems. All other works provided the students with the freedom to 
select their project topic. This usually resulted in increased students’ enthusiasm and 
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motivation as well as more creative projects being developed. This could be a direct 
result of students working on projects they feel passionate about.  

Projects based on integrating already available resources were accepted in [11] to 
improve system integration skills. In [12], same authors reported that the main micro-
processors course learning objective is to “create”. Hence; the assessment scheme was 
updated with a deliverable document distinguishing the students’ contribution from 
used resources. Authors reported the improvement of the students’ system design 
capabilities. 

In most previous works, Arduino was programmed using its C-like language; thus 
only providing high-level knowledge. The single exception was for [16], in which 
Assembly was used during the final stage of the course using AVR studio5 but not 
necessarily for Arduino. Assembly usage in [15] was for the PIC microcontroller 
during the course. However, Arduino was always programmed using C in the project. 
This still offers both low-level and high-level knowledge as in [16]. Both approaches 
address “the lack of low-level knowledge” concern raised in [11, 14]. 

As for the effect on students’ performance, the percentage of students successfully 
passing the course in [14] has increased, after using Arduino, from 61% to 92% in 
module I and from 66% to 93% in module II. In [15], a study conducted over three 
consecutive semesters revealed that 94% of students selected Arduino for their course 
projects. Out of these students, 59% continued to use Arduino in their capstone cours-
es resulting in an improved performance. In [17], the cooperative learning methodol-
ogy, with the use of Arduino, resulted in improving the academic success of students 
with 93.5% scoring above 85%. 

One cited advantage in [13] is the reduction in project development time allowing 
for post evaluation, and increasing code complexity. Same advantage was highlighted 
in [15], as using Arduino allowed students to develop fully functioning systems with 
the appropriate documentation in less time. 

The concern highlighted in [10] about timers was also identified in [16]. The con-
cern was addressed by changing the course delivery method in [16] to use AVR Stu-
dio towards the end of the course in order to program Arduino in low-level. An im-
portant advantage reported in [16] is the need for little lab space. As students can buy 
their own Arduino platforms at an affordable price, there becomes no need to pur-
chase and install dedicated laboratory equipment for the course. 

Finally, one major advantage identified in most of these works is the ease of learn-
ing and using the Arduino platform (Accessibility in [10], Ease of interfacing external 
chips in [11], Ease of use in [13], and Support material in [16]). With the availability 
of numerous online forums and groups, tutorials, and previously implemented pro-
jects, it becomes easier for students to learn such a platform in less time. 

4 Lessons Learned and Future Directions 

In this section, and based on the literature and recent market trends, the question 
whether Arduino addresses embedded education challenges is investigated. Moreover, 

                                                             
5 http://www.atmel.com/Microsite/atmel-studio/ 
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future research directions are identified to better assess the current state and to im-
prove Arduino integration in teaching. 

The Student-related Challenges: A commonly reported advantage, when using 
Arduino, is the increase in students’ motivation and interest. This directly addresses 
the student-related challenges in [3]. This observation is also directly related to the 
conclusions reached and actions recommended in [5]. Such an advantage does not 
only help in improving students’ performance in classes [14, 15], but it can also at-
tract students to the engineering major. For example, switching the course technology 
to Arduino in [18] has resulted in minimizing the students’ evasion rate from the 
computer engineering program. 

Another student-related challenge is the student’s planning skills, which was also 
emphasized in [2]. This is implicitly handled by using Arduino as developing a com-
plete system with this platform can take less development time in general [13, 15]. 
This provides the students with more time for code maintenance, debugging, and 
documentation. 

The Lecture-related (Spanning many Fields) Challenge: One challenge is the 
wide range of topics to be covered in embedded systems courses. These topics are 
divided across 13 units (12 core + 1 supplementary) under the embedded systems 
knowledge area in the 2016 ACM/IEEE model curriculum. Arduino could be used to 
cover most of these topics with varying depths. Units are presented in Table 2 with 
possible degrees of coverage. 

Table 2.  Arduino coverage of embedded systems units 

Number Knowledge Unit Coverage 
1 History and overview Full 
2 Relevant tools, standards, and/or engineering constraints Full 
3 Characteristics of embedded systems Full 
4 Basic SW techniques for embedded applications Full 
5 Parallel input and output Full 
6 Asynchronous and synchronous communication Full 
7 Periodic interrupts, waveform generation, time measurement Medium 
8 Data acquisition, control, sensors, actuators Full 
9 Implementation strategies for complex embedded systems Low 

10 Techniques for low power generation Medium 
11 Mobile and networked embedded systems Full 
12 Advanced input/output topics Medium 
13 Computing platforms for embedded systems Low 

 
“Full” coverage is for units that could be covered using Arduino and ready-made 

shields even if this requires a deeper study of the shield and its software library.  
“Medium” coverage in units 7, 10, and 12 is chosen due to the difficulty of access-

ing a number of microcontroller hardware components unless Assembly is used.  
“Low” coverage is selected for unit 9 as it is difficult to use Arduino to teach em-

bedded operating systems [11]. Further studies are required to investigate if such 
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systems currently available for Arduino6,7 make it possible to cover this topic. “Low” 
coverage is selected for unit 13 as it is not possible to teach GPUs, FPGAs, or multi-
core processors using Arduino. 

This challenge could be also addressed on a different level by introducing interdis-
ciplinary subjects and projects. Interfacing Arudino with MATLAB [19-20], LabView 
[21-23], and its use in the IoT domain [24-26] paves the way for unlimited possibili-
ties of multidisciplinary applications. 

The Lecture-related (HW/SW Compatibility) and the Instructor-related 
(Tools for Education) Challenge: The first question faced in a microcontroller 
course and one challenge highlighted in [6], is “What is the appropriate learning tool 
to be selected?” The existence of many microcontroller products renders the platform 
selection to be a critical step. It is safe to assume that this selection should be made to 
serve the industry needs.  An embedded market study carried by Gartner8 in 2014 
revealed that 8-bit microcontrollers have around 40% market share. In that category, 
Microchip and Atmel were numbers 1 and 4 in the market. Recent Microchip acquisi-
tion of Atmel9 makes the PIC and ATmega (on which the Arduino is built) microcon-
trollers the most dominant. Hence, if an 8-bit microcontroller is selected for embed-
ded systems courses, and from a purely industrial point of view, PIC and Arduino 
could prove to be the best options. An interesting observation is that in [15], PIC is 
used in the course while Arduino is mostly selected by students in the project. How-
ever, in [16], Arduino is used in the course while PIC is one optional microcontroller 
suggested for the project. 

This learning platform challenge was the focus of a study comparing six different 
embedded platforms used in freshmen engineering [27]. This was based on four met-
rics: hardware-intensive, software-intensive, ease-of-implementation, and 
course/application relevance. Arduino was found to be one of the platforms suited for 
such courses. In order to answer the “platform selection” question, an interesting 
future research direction is to conduct a similar study, comparing different microcon-
troller platforms (PIC, Arduino …) and/or microprocessor boards (Raspberry Pi, 
BeagleBone, Intel Galileo …) for embedded systems courses. Metrics could be based 
on the topics covered by the ACM/IEEE model curriculum. A different direction is to 
design your own board and customize it to the learning objectives of your course. 
However, it would be difficult to provide these boards for the students outside open 
lab hours. 

The methodology of using a single platform through an educational curriculum [6, 
8] could be applied using Arduino. Arduino has been adopted in many courses that 
span the engineering curriculum including Introduction to Engineering [18, 28-33], 
Chemistry [34-35], Physics [36-38], Electronics [39-41], Control and Robotics [19-
20, 42-43], Fuzzy Logic [44], and DSP [45]. Arduino with its overall simplicity, 
availability of on-line resources, ease of acquiring parts, and fast prototyping process 

                                                             
6 https://bitbucket.org/ctank/ardos-ide/wiki/Home 
7 https://create.arduino.cc/projecthub/feilipu/using-freertos-multi-tasking-in-arduino-ebc3cc 
8  http://ww1.microchip.com/downloads/en/Market_Communication/MicrochipPresentation_Evolution 

of 8-bit MCUs_Final.pdf 
9 http://www.microchip.com/announcements/microchip-technology-inc-acquires-atmel 
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overcomes many of the difficulties stated in [9]. However, this raises the question if 
adopting a single platform through the entire curriculum would limit the students’ 
knowledge. 

Revisiting the E2LP platform [6, 8], a number of its presented learning outcomes 
could be fulfilled by Arduino with the exception of the FPGA ones. Atmega could be 
adopted to teach microcontrollers using Assembly if required. Network shields could 
be used to illustrate different networking applications. The DSP shield in [45] could 
be used for DSP applications. One major concern would be if using already manufac-
tured shields would provide proper learning tools. An interesting direction would be 
to propose project ideas for building Arduino shields. This would give the students 
the opportunity to design hardware circuits and experience low-level programming 
for developing the accompanied libraries. Such developed Arduino shields could be 
used in other courses; thus improving the overall learning experience. 

The Lecture-related (Technology Cycle or Dynamic Progress of Technology) 
Challenge: Teaching embedded engineering in schools [7] is identified as one of the 
solutions to address this problem [3, 6, 8]. Arduino is already contributing in that 
direction as it has been adopted in pre-university education [46-50]. The work in [51] 
presented a high-school outreach program developed in New Zealand. Part of the 
program provided teachers with Arduino kits and a suggested set of experiments to be 
conducted at school. This helped to increase enrollment figures by 36% in one year. 

The Development vs. Recombination Challenge: This challenge identified in [6] 
highlights the need to find the right balance between the students developing their 
own code and reusing existing codes. Such a challenge falls in the classification of 
Fig. 1 under both methodologies for education (Teaching how to recognize reuse 
opportunities) and evaluation and assessment procedures (How to assess Arduino-
based projects?). Same issues were raised [11-12, 14, 16] as authors discussed con-
cerns about the lack of low-level experience and the reuse of existing Arduino code.  

According to the 2015 UBM10 embedded market study; around 75% of embedded 
applications are programmed in C/C++ while only around 3% are programmed in 
Assembly. In addition, when asked about the programing language most likely to be 
used in the next application, around 83% chose C/C++ while only 2% chose Assem-
bly. Such staggering numbers raises the question of how important the teaching of 
low-level programming in embedded systems courses still is. 

This brings us to the second question: If Arduino is used in embedded systems ed-
ucation, how can one balance low-level vs. high-level knowledge? And how much 
low-level programming is required? Answers to these questions could very much 
depend on the course structure. Is it a lecture-based course? Is there a laboratory com-
ponent involved? Is it a project-based course? Or is it a combination of all of these? 
As mentioned in [6], the use of remote laboratories can also improve engineering 
education. Some works on Arduino-based remote laboratories could be found in [52-
54]. Note that Arduino could be programmed with Assembly using AVR studio [16]. 
This has the benefit of introducing the students to a new software tool other than the 
Arduino IDE used for programming the Arduino in its C-like language..  

                                                             
10  http://webpages.uncc.edu/~jmconrad/ECGR4101-2015-08/Notes/UBM Tech 2015 Presentation of 

Embedded Markets Study World Day1.pdf 
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The same 2015 UBM market study showed that 86% of developed applications re-
used previously written code, some of which was open-source.  This shows that reus-
ing Arduino code is a behavior that students will face in industry and it will enhance 
the students’ system integration capabilities as identified in [11]. However, this 
should not undermine the importance of students providing their own contribution.  

This raises the third question: If Arduino is used in embedded systems education, 
how can one guarantee that students will provide enough contribution in their pro-
jects? One approach requires the submission of a pre-project documentation citing 
similar existing projects, if any, and providing details of the students’ own contribu-
tions [12, 15]. This document is reviewed by the instructor, modified if necessary, and 
finally approved before the students can start working on their projects. This is an 
essential step as with the available Arduino resources, there is a great probability that 
any proposed project will be at least partially available on some forum or website. 
Never the less, this should not be viewed as a complete disadvantage as it was shown 
in [55] that online forums are supportive means for engineering students looking to 
expand their knowledge and make connections to other students outside the class-
room. 

5 Conclusions 

In this paper, the subject of embedded systems education was revisited with the in-
troduction of Arduino. The paper surveyed embedded education challenges recently 
identified in the literature. Moreover, the paper covered previous works integrating 
Arduino in embedded systems courses.  

It was found that Arduino proved to be a very promising educational platform in 
embedded engineering. It can be utilized to cover a lot of the core units under the 
embedded systems knowledge area in the 2016 model curriculum for computer engi-
neering. In addition, it can be used to overcome a number of challenges facing em-
bedded education nowadays.  

Although Arduino has a clear promise, it cannot be stated with certainty that it is a 
suitable platform for embedded education. Hence, a number of research directions 
were proposed in this work to further examine this subject. One direction is to con-
duct a research study comparing different microcontroller platforms for higher-level 
education. Another direction is to develop effective teaching methodologies that guar-
antee the delivery of the learning outcomes, with the appropriate depth, in the case of 
using Arduino. More specifically, how to balance low-level vs. high-level 
knowledge? And how to make sure that students provide considerable contribution in 
their projects? Furthermore, it remains open to investigate the implementation of 
Arduino-shields projects and the use of Arduino in covering the topic of embedded 
operating systems. 
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Abstract—In this study, the concept of Learning by Research and Devel-
opment (R&D) is furthered to the world of more resilient learning in the setting 
of security related R&D projects for development of co-creative products, ser-
vices and action competence. The background of this study includes an inter-
disciplinary combination of service science, security, computer science, peda-
gogy, engineering, and management science. The interdisciplinary combination 
involves researchers, learners, teachers, and other participants connecting and 
integrating the academic disciplines, professions, and technologies, along with 
their methods and perspectives for co-creation of a common goal. This goal 
emphasizes results as high-value impacts, as well as the value of products, ser-
vices, and innovations as “deliverables” of the integrative learning process. Un-
til recently, the Learning by R&D model is clear and transparent; as such, it can 
be adopted by learning and R&D integration of other sciences and higher edu-
cation institutions. The structure of the model is also easy to adapt and renew in 
case of a change, which means that it can develop from the inside on the one 
hand, and produce interactions, adaptions, resilience and innovations on the 
other. 

Keywords—adaption, deliverable, integrative learning, resilience, resilient 
learning, scope, situated learning and participation 

1 Introduction 

Integration of externally funded and critical national Research and Development 
(R&D) functions and its results and deliverables for high-value impacts in higher 
education institution is a complex and interaction-based process, not only within 
technology, but merged with the economic, legislative, and social environments, 
where the R&D integration is also influenced by government policy and programmes, 
financial instruments, laws and regulations, and economic boundary conditions. In 
this study, the investigation of higher education functions and EU research system is 
addressed to collective contribution of: 1) knowledge, 2) competence, 3) capability, 4) 
operative performance, 5) action proficiency, 6) adaptive capability, and 7) resilience. 
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In higher education institutions, research activities and achieved high-value impacts 
by adaptive capability and resilience have become globally important for regional-
national development [1] and societies due to the requirement of mutability of new 
competence and competent networking experts to meet and adapt current and future 
challenges [2] and manners of learning [3]. 

In this view of integration of higher education, externally funded R&D and region-
al-national development; Learning by R&D is a pedagogical and collective approach 
in which learning is linked to applied R&D projects and development culture [4]. This 
indicates that learning expertise arises from social interaction, reflection, knowledge 
and competence sharing, researching, and solutions-finding of shared agenda-based 
R&D objects, such as “learning scopes” and collective adaption and co-creation of 
R&D “deliverables”. The integrative model emphasizes cooperation and creating 
learning by “research and development path-dependencies” [5] and makes it possible 
to include and use various scientific perspectives and methods of learning especially 
for action-related competence and divergent continuums of studies and R&D projects. 
The genealogy and path-dependency of Learning by R&D concept development is 
described in followed publications: Research Framework of Integrative Action [6]; 
Externally Funded Research and  Development   Projects  in   Perspective of Learning 
[4]; and dissertation namely Towards Realization of Research and Development in a 
University of Applied  Sciences [5]. 

It is frequently impossible to clearly define the work objectives as “R&D related 
learning scopes” in advance, and they are instead specified throughout the solution-
development process. The R&D related learning process requires critical thought 
strategies and skills for justifying solutions, resilient dimensions and designing of 
evidence evaluation. Usually, work of R&D consists of a multidisciplinary setting, 
continuous solution-development process, focusing on research, development, and 
generating new competence and action related capabilities. The end results as “deliv-
erables” can be, e.g., a creation, an artifact, a new operating method, an improved 
methodology, a model, an action capability, a service, or a product as evidence, which 
is achieved by integrating learning and R&D. The most related and reflected literature 
followed: the new production of knowledge [7]; experiential learning [8]; the critical 
theory of adult learning [9]; action learning [10]; and learning by expanding as an 
activity-theoretical approach [11]. 

One based assumption of study is that realization of regional-national develop-
ment, R&D, and its leadership-management functions are rather far from a linear-
normative process; instead, this political-decision-making setting is shared by the 
results of dynamic R&D processes that involve interactions between several actors 
(see Fig.1) and things that no single actor, such as one higher education institution, 
can achieve or manage alone [12]. However, the integrative model and collective 
resilient learning perspective can face a high level of uncertainty, unexpected events, 
and rival implementation models, e.g., “a separation model” where only high perfor-
mance units and selected scopes are involved in funded R&D and regional-national 
development within dedicated actors’ networks and higher education institutions. 

In this study, the term “resilient learning” is related to the increased rate of interac-
tions and external R&D pipelines as more resilient scopes and deliverables for evi-
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dence of lessons learnt and catalytic agents in a processes which shares that 
knowledge and higher education can be preserved as a service, methodology, product, 
activity, capability, demand of change, required adaption, performance, policy, or as 
educational, innovative, or intellectual assets which can be exported for a high value 
and impact returns as in resonance with the utility related Humboldtian university 
model; the school as a centre of inquiry [13]; metaphors of learning [14]; situated 
learning [3]; and interaction between learning and development [15]. 

In the continuum of this study, the terms “integration” and “integrative learning” 
address an interactive way of learning where an individual learns along with a work-
place, institution, school, and R&D  community, such as an international research 
consortium, as well as alongside a learning organization and across borders and disci-
plinary silos, as in a collective learning space that can be regional or individual-global 
oriented [6]. In this setting, the term “learner” refers to a student, teacher, researcher, 
decision-maker, participant, or even artifact such as “an intelligence as system based 
to Bayesian belief network” which can enrich the learner’s own decisions through 
collaborative R&D by  sharing knowledge and expertise and learning from others 
where R&D collaboration for learning is used. “Student” is used to indicate that a 
person is registered as a student in the database of the national Ministry of Education 
and Culture. 

The role of term “resilience” in this study is imperative because it can be expected 
to further our surviving capabilities by related changes on demand and furthering of 
novel learning designs and curriculums. This learning design as “resilient learning” 
concept with address what we need to study when faced with inevitable difficulties, 
such as often scopes described are in national strategic research agenda and H2020 
calls: as grounded so far, the emerging concept of “resilient learning” is approached 
for achievements of surviving capabilities for changes on demand and manners to 
enhance the capability at all levels of activities to create paths that are robust yet flex-
ible, to monitor and revise risk models, and to use resources proactively in the face of 
disruptions or pressures of ongoing activities such as learning, control, production, 
service, trade or industry. Resilience addresses also to an ability to recover from, or 
building new positions to, misfortune or adaption of mandatory change. The term 
“resilience” includes typically four abilities: 1) to plan and prepare, 2) absorb disturb-
ance, 3) recover from, and 4) adapt to known or unknown threats. In this study, the 
empirical and multidisciplinary R&D results point to the rather practical basis of the 
term “resilience” and necessitate revisions of its theory, related to such as described in 
[16] and genealogies of resilience [17]. 

In the operative environment of this study, higher education institutions are tradi-
tionally focused as contributors of new knowledge [18] and competence-professional 
development [1]. Humboldtian model of higher education and high value returns is 
addressed in the following studies: development of services [5]; technology and poli-
cy [12]; co-creation as manner [19]; value-building [20]; high-value economic returns 
and cooperation [21]; systemic utility production [22]; path-dependency [23]; and 
living-labs [24]. In this study, expected new advances are taking place regarding co-
operation in emergent value networks (see Fig.1), co-created innovation, the contribu-
tion of pioneering innovations, and regional development affecting social and global 
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development. The term “co-creativity” is understood as collaboration and described as 
the “secret to breakthrough creativity” [19]. Learning is placed in collaboration with 
innovation systems and living-labs [24]. A last-mile research approach for general 
utility production in the end addresses the value-building and economic returns on a 
national-global scale [22]. An integrative learning space and examples of the use of 
the research methodology as continuums of the integrated R&D related learning in the 
context of international safety and security R&D projects as described in [5].   

The original foundation of higher education and its various ways of learning has a 
long tradition. For example, a strong resonance for this operational capability and 
resilient learning and training theme can be found far behind Dewey’s Democracy 
and Education, where he said, “Education is not an affair of      telling and being told, but 
an active and constructive process … Its enactment into  practice requires that the 
school environment be  equipped with agencies for doing, with tools and  physical 
materials, to an extent rarely  attained. It requires that methods of instruction 
and  administration be modified to allow  and to secure direct and continuous occupa-
tions with things” [25] [p.33]. Dewey explained learning from the perspective of 
passive absorption to   learning by doing; here, this “doing” is R&D-related and learn-
ing by more resilient direct contact with things as well as learning through real-life 
contexts, inquiry, simulations, and training for an adaptive reasoning and action com-
petence.  Dewey’s classical educational theories and  models had large-scale influence 
on later views of learning. Almost none of the reviewed learning approaches in this 
study is thought to be totally  new, but rather is seen as paths and mind resonance with 
Dewey, such key literature as:  pedagogic creed [26] and the theory of inquiry [27]. 

2 Methodology 

In this study, the multiple case study approach was used, and the research setting of 
the study addresses the following literature: “the case research strategy in studies of 
information systems” [28]; “building theories from case study research” [29]; “case 
studies and theory development in the social sciences” [30]; “qualitative data analy-
sis” [31]; “real world research” [32]; and “case study research design and methods” 
[33]. In this analysis, the multiple case studies followed replication logic, and the 
selected cases served in a manner similar to multiple experiments, with similar re-
sults. A literal replication or contrasting results in a theoretical replication predicted 
explicitly at the outset of the investigation.  The case study analysis used herein brings 
an understanding of a complex issue and object, and can extend experience or add 
strength to what is already known through previous research and reviewed literature. 
Here, case studies emphasize a detailed contextual analysis of a limited number of 
events or conditions and their relationships when the relevant behaviour is not manip-
ulated and the role of the researcher is that of an “objective outsider,” as [34] posi-
tioned. 

Reference [33] noted that the simplest multiple-case design would involve the se-
lection of two or more   cases that are believed to be literal replications, while a more 
complicated multiple-case design would result   from more and different types of new 
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theoretical replications, such as the theoretical aspects of learning paths by scopes, 
deliverables and resilience represents, as according to  [30] earlier [29] guidance for 
theory building. In this study, the end of data collection and analysis was indicated by 
saturation, when no new information emerged for the research purpose [35]. 

The data collection of this study is cumulative and systematically used for a quali-
tative analysis, where (n) indicates an instance of data collection used for this analysis 
between January 2008 and March 2017. The data collection is comprised according to 
the results descriptions by Finnish Academia including eighteen (n=18) cumulative 
categories: 1) scientific publication (n=52) according to publication forum classifica-
tion;  2) number of open data collections (n=3) facilitated and licensed data collec-
tions used; 3) collective creation of international publication (n=72) articles; 4) data 
of international researcher exchange; 5) integration of education (n=6) study units 
related (n=3) theses and (n=3) dissertations; 6) data of European Commission’s fund-
ed research projects (n=4) in FP7 & H2020, data of national funded strategic research 
projects (n=1) and data of new applications for H2020 funding (involved cases de-
scried more detailed in next chapter); 7) presentations and audiences with (n=56) 
stakeholders; 8) data of (n=4) workshops and (n=6) seminars, creation of (n=4) events 
for research and development; 9) participation to public audiences, such as in a par-
liament and participation to statements (n=1); 10) publication in (n=6) newspapers 
and general descriptions according to publication forum classifications; 11) invited 
(n=3) presentations; 12) indicators of social media: Twitter, LinkedIn, Facebook and 
(n=3) homepages; 13) support of public events for international, national, and region-
al audiences; and data of economic indicators, such as 14) investigations, 15) patents, 
16) licenses, 17) spin-offs, and 18) start-ups. 

3 Description of Cases 

The data collection category namely R&D projects for qualitative analysis included 
followed: the two TEKES funded R&D projects (n=2), namely RIESCA and 
SATERISK; the four (n=4) security-related European Commission FP7 or Horizon 
funded R&D projects, namely PERSEUS, ABC4EU, EU_CISE_2020 and MARISA; 
and the data gathering of Academy of Finland Strategic Research Council’s Pro-
gramme’s Security in a Networked World project (n=1), namely From Failand to 
Winland, communicated on Twitter as #WINLandFI. 

RIESCA: Rescuing of Intelligence and Electronic Security Core Applications 
[Funded by TEKES: October, 2007 to March, 2010] was the first of our externally 
funded R&D projects. The research of RIESCA addresses a number of systems, such 
as transport and logistics, power and telecommunication, hydropower and nuclear 
power stations, which are critical to the day-to-day functioning of any technologically 
advanced society, such as Finland. When assessing possible risks, it is only seldom 
taken into account that power, hydropower and nuclear power plants are critically 
dependent on the reliability and security of information systems. The aim of RIESCA 
was to offer contributive and constructive solutions, such as design-based solutions, to 
this problem. The student-centered R&D and novel resilience viewpoint was integrat-
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ed in RIESCA: an individual student or larger student groups were assigned to de-
fined parts of the project. There are two notable advantages conferred by the use of 
students on the project, namely: 1) confidential information management can be used 
and developed in study units and; 2) the students acquire more new professional ex-
pertise that fits with the principles of R&D framework. In view of collaboration, the 
trust-based networked expertise relationships were achieved in RIESCA. 

SATERISK: Risks of Satellites and Satellite Tracking System [Funded by 
TEKES]. The idea to study risks related to satellites was created by students of Laurea 
in 2008. Funding from TEKES was secured on 14.11.2008 and allocated for the peri-
od 1.9.2008 to 31.8.2011. The goal of SATERISK was to study the risks connected to 
satellite tracking and to ascertain if the use of satellite tracking can generate further 
risks. The project analyses risks using different approaches: legal, technical and mode 
of use; it will also study potential future requirements and risks. SATERISK  has ex-
panded into an academic multi-disciplinary collaboration with the University of Lap-
land,  ITMO in St. Petersburg, Russia and the BORDERS network, coordinated by the 
University of Arizona,  USA. Here it is noteworthy that SATERISK inspired students’ 
resilient scope thinking and gave the possibility for something else to emerge; 
SATERISK temporarily moved students’ minds far away from daily official routines 
and responsibilities. This clearly advanced the aspects of motivation. SATERISK also 
demonstrated that a student’s expertise itself and student-workplace relations can 
trigger externally funded R&D projects. 

PERSEUS: Protection of European Borders and Seas through the Intelligent Use of 
Surveillance [Project ID 261748; Funded under FP7-SECURITY] was coordinated by 
INDRA Sistemas with n=29 partners. The timeframe of the PERSEUS research was 
between January 2011 and December 2014. In this study, the selection of PERSEUS 
as a case represents a program and research consortium that aims at the large-scale 
integration, validation, and demonstration of novel systems and symbolizes European 
research collaboration, providing a federative frame to join research and steering in 
areas of significant European interest. In this study, the focus of the PERSEUS inves-
tigation was in resilience and adaption of consortium functions and research on inter-
national knowledge transition and path-dependency mechanisms, dissemination, and 
events. 

ABC4EU: Automated Border Control Gates for Europe [Project ID 312797; Fund-
ed under FP7-SECURITY] is a European Union wide R&D project and involves a 
Consortium of 15 partners from 8 different countries. The purpose is to make border 
control more flexible by enhancing the workflow and harmonizing the functionalities 
of automated border control gates. The project started in January 2014 and will last 
for 42 months. It is led by INDRA Sistemas S.A. from Spain. In recent years, many 
ABC Gates have been deployed in the main European airports, most of them as pilot 
projects intended to test their capability to improve the border crossing processes in 
aspects such as speed, security, automation, and false rejection reduction. In particu-
lar, resilience management and harmonization would be required in areas as e-
passports management, biometrics, gate design, human interface, parallel processes, 
signalling, and interoperability. 
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EU_CISE_2020: European Union’s Information Sharing Environment [Project ID 
608385; Funded under FP7-SECURITY] addresses steps forward along the accom-
plishment of the European roadmap for Common Information Sharing and Distributed 
Systems and Services Environment. The project attains the widest possible experi-
mental environment of innovative and collaborative services and processes between 
European maritime institutions and takes as reference a broad spectrum of factors in 
the field of European Integrated Maritime Surveillance, arising from the European 
legal framework, as well as from studies, pilots, and related R&D projects. The 
timeframe of EU_CISE_2020 is between 01/06/2014 and 01/06/2018. 

MARISA: Maritime Integrated Surveillance Awareness [Project ID 740698; Fund-
ed under H2020] is new H2020 project, timeframe between April 2017 and Septem-
ber 2019. The overarching goal of this project is to provide the security communities 
operating at sea with a data fusion toolkit, which provides a suite of methods, tech-
niques and software modules to correlate and fuse various heterogeneous and homo-
geneous data and information from different sources, including Internet and social 
networks, with the aim to improve information exchange, situational awareness, deci-
sion-making, reaction capabilities and resilience. The expected solution will provide 
mechanisms to get insights from any big data source, perform analysis of a variety of 
data based on geographical and spatial representation, use techniques to search for 
typical and new patterns that identify possible connections between events, explore 
predictive analysis models to represent the effect of relationships of observed object 
at sea. Enterprise and ad-hoc reporting and Maritime Services, within the CISE con-
text, will be provided to support users and operational systems in their daily activities, 
as well as presentation tools for navigating and visualizing results of data fusion pro-
cessing. 

#WINLandFI: From Failand to Winland, the Academy of Finland Strategic Re-
search Council [Funding ID 303623; from April 2016 to March 2019] as ongoing 
Critical Research Project. This research project will take you from Failand (failed 
future Finland) to Winland, e.g., Finland where key security threats have been re-
sponded to with resilient policy-making. The starting point of research is the question, 
“What kinds of security risks and threats could paralyse Finland so fundamentally that 
our country becomes Failand?” The proposal included arguments that Failand be-
comes reality if two of the most fundamental elements of a functioning society fail: 
food security and energy security, which both are closely linked to water security. In 
addition, the proposal surmises that such failure is likely to result from the sum of 
three key components: long-term pressures, shocks and surprises, and policy respons-
es. Addressing such an equation, and guiding the way to Winland, requires a multi-
disciplinary team that works together in an inter- and transdisciplinary manner, in-
volving the key stakeholders throughout the process. #WINLandFI consortium have 
paid focused attention to establish an integrative research and stakeholder process that 
will utilise a combination of scenario planning and decision analysis, supported by a 
series of co-creation workshops and other interaction methods. With the help of these 
scenarios; #WINLandFI consortia will study how water, food, and energy-related 
pressures, shocks and surprises, and policy responses affect Finland’s overall security. 
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4 Research Findings 

Focusing on regional and national development and R&D is a significant purpose 
for all higher education institutions in Finland. In the past few years, the structural 
reform of higher education in Finland is represented, and this reform has been widely 
and actively discussed nationally in order to develop the national and regional innova-
tion system and to clarify the shared nature of the higher education system. This pro-
duces new, collaborative knowledge and competence and searches for creative solu-
tions for focused problems and challenges at various levels and project continuums. 
The importance of R&D integration is clearly emphasised when combining regional 
competence, participating in networks, and utilising different partnerships in shared 
R&D processes. The functions of R&D at all higher education institutions can be 
reasoned by a purposeful and experiential approach, as producing expertise in pro-
cesses of knowledge transfers, transformations, and catalyses related resilient learning 
aspects.  

The term “high-value impact” addresses the amount of realized economic and so-
cial value as well as achieved value and impact returns, which are created by applying 
knowledge generated by a research consortia and R&D collaboration. The study re-
vealed that the terms “value”, and achieving “high-value impacts”, are in line with the 
concept of value concentration where values are related to knowledge and where they 
produce outcomes described as revised concept of value concentration. The concen-
tration quartet includes the following: 1) academic value as intellectual property, 2) 
value of research, 3) value of education, and 4) empiric value, (described later in 
Fig.1). Here, the term “empiric value” addresses value returns by disseminated arti-
facts, services, and value concentrations for competitiveness-business and policy 
development related reasoning. 

One micro-level purpose and contribution of this study addresses the form and de-
velopment of higher education that focuses on the demands of the individual-national-
global comprehensive security domain. Here, teachers, policy, and authority repre-
sentatives work and interact more closely together as a collective learning community 
that involves students (legitimate peripheral participation) and the implementation of 
study units in higher education and shared R&D. This shared R&D includes learning 
by national-international research consortiums and work packages as realizations, 
such as in manners of catalytic and adaptive acquisition, participation and co-creation, 
e.g., manners of R&D and more resilient learning for building something new: reso-
nance with towards realization of research and development [5] and creating entre-
preneurial universities [1]. 

Furthermore, this study contributes to the understanding and mind of the resilient 
learning in the view of term “scope”, such as “research-learning scope”, which can be 
useful for interactions of an “resilient-elastic nature” and for focusing on the mean-
ingfulness of learning integration, learning paths, and creativity, especially in the 
perspective of a student’s integration into R&D and regional-national development. 

The study recorded first that the terms “scope” and “resilient steering” (see Fig.1) 
were useful to a satisfaction, atmosphere, mutual  trust, confidence,  and “learning to 
like or dislike”  in a learning space (such as integrated consortia environment) where a 

iJEP ‒ Vol. 7, No. 2, 2017 101



Paper—Resilient Learning – Towards Integration of Strategic Research Programmes, Higher Education… 

student takes “a  scope” and makes his own personal activity,  creation, improvement, 
and validation into the selected or shared learning target as “shared scope”, e.g., as in 
a new application building process, which resulted from scope-based thinking. Se-
cond, a “scope” was not loaded by a teacher’s knowledge in the beginning of studies, 
so scope-related knowledge can be composed openly by a student's viewpoints as by 
resilient-elastic nature, interests, aspiration, and motivation, not necessary only in 
teacher’s or problem-based viewpoints. Third, the term “research-learning scope” can 
refer to a mental or physical target  or subject matter that something deals with in 
learning. Fourth, the aim of using the “resilient-elastic scopes” in the beginning of 
R&D related learning integration as frame  to   support a  student’s imagination and 
creativity in learning, and the assumption was that the understanding of resilience 
relations and “resilient-elastic nature of scope” would  generate   and   maintain 
the  motivation  and spirit for learning,  balancing the  judgments and   potentials 
of  objectives,  goals, and  targets;    e.g., the tuning of a cognitive load in a lifetime of 
studies would be balanced by students and teachers by “alignment and adjusting of 
scopes”. Fifth, the “scope”   addresses the  idea that, between two people,  there   is   
third    dimension as “a scope”, e.g., a model, artifact, tool,  concept,  or mental  or  social 
factor  with  which  students may share, transfer, adapt,  and build knowledge. It com-
municates, activates, and motivates  their  personal or  team  learning spirit and confi-
dence. Sixth, “the scope” increases resilience, “everything does not go as designed” 
and elasticity in solution based learning approach, both can be approached in the reac-
tive and proactive sense. And lastly, “the design of scopes” bridges “learning by novel 
research agenda” and “motivation of learners” in the first place and builds furthered 
components for continuums of using new proposed knowledge sources as with theory 
and metaphors of learning in action-related competences. 

It is noteworthy that new and small enterprises, particularly knowledge-intensive 
ones, are involved as legitimated actors [3] in the innovation system. In this view, 
higher education institutions are seen as significant producers of new knowledge and 
competences, and users of the latest findings and bodies of knowledge in action, 
which gives them a role within the thematic center as collectors of the innovation 
system (see Fig.1). Their thematic nature comes from their operative action and resili-
ence as capability in combining knowledge from several sources, such as lead innova-
tion systems, or institutions such as strategic centers of excellence in science, tech-
nology, and systemic innovations. In addition, multiple helix cooperation [21] ensures 
a body of knowledge is co-created with other organizations to contribute to innova-
tions in industry and society as a whole, e.g., national strategic research agenda. 

The central challenges faced by the realization of the shared R&D functions and 
resilience viewpoints in higher education consisted of the following: 1) the establish-
ment of new management forms and culture and control of the mass of projects 
through the R&D realizations and by higher education institutions, with mutual trust 
and confidence; 2) the balancing and modularizing of the cognitive load and the chal-
lenges of learning in R&D realizations; 3) pedagogical development and continuous, 
relatively adaptive-resilient change in R&D that pose great challenges for teachers 
and management; 4) understanding of the meaning of student-centred R&D in com-
munities of work and workplaces as research for work (see relevance to work in 
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Fig.1); 5) ethics management and issues; 6) the development of incipient internation-
alization and individual-global interactions; 7) the measurement of the effects and 
development of utility, usability, and strategic measurement as an evaluation design 
structure in higher education; and 8) dissemination of the new R&D-related learning 
model and ethic for sustainability manners in the context higher education and helix 
integration. 

 
Fig. 1. The revised concept of value concentration (Pirinen, 2013 p.70). 

In the perspective of security management-related higher education, a regional-
national capacity to provide security-related knowledge-competence-capability path-
ways and knowledge interconnections depends on the ability to continuously innovate 
in order to ensure technological leadership and be a credible networking partner for 
concentrated contribution. The study revealed that resilience related research is neces-
sary in future studies. Hence, current and emergent challenges can be remarked such 
as the recent dramatic falls in investment in R&D and risk management undermining 
efforts to support the security and sector, broader defence, and security goals. In this 
security view, one piece of advice for future study is that creativity and innovative 
learning scopes should be more systematically designed and adopted for research, 
development, and innovation activities in the context of current knowledge, compe-
tence, capability, and performance (action competence) settings. Hence, the creativity 
and innovation approach steers R&D process planning towards increasingly participa-
tory, dynamic, and creative forums of new competence production and will enhance 
learning and resilience. 

The comprehensive security-related R&D integration as concept of value concen-
tration (described in Fig.1) has a high value impact on pedagogy, which is delivered 
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in students’ knowledge, competence, and capability building processes. The crucial 
factors as deliverables are not only subject-specific competence, but also a research-
oriented developmental approach, interaction skills, the ability to encounter col-
leagues, students, and partners dialogically, and having the pedagogical, participation 
and leadership competence. The qualities of an expert in deliverables promote the 
implementation of good, high-quality teaching, and foster students motivation, partic-
ipation, and dignity. From the students’ points of view, the emphasis is on motivation, 
spirit, dignity, guidance, learning process, mutual reflection, professional and human 
growth, and a research-oriented, developmental approach to own and organization 
work. 

5 Discussion and Remarks 

The comprehensive security-related education and new pedagogical solutions have 
possibilities to further current R&D activities in ways that bring creativity and inno-
vation-building related knowledge towards competence-capability, as well as sustains 
performance (resilience and competence). The academia-consortium and external 
funding structures of research activities already exist, as investigated here. However, 
the comprehensive security integration does need more action competence and capa-
bility-related understanding, followed by future studies.  

There are many reasons for future progress and discussion of the term “resilience”, 
such as: the number of systems, interconnections, and transaction elements increases 
over time; the system complexity increases and the resulting interactions become 
challenging to maintain, e.g., the number of updates, difficulties in using and facilita-
tion, life cycles, continuity management, and for understanding emergent relations 
between the terms “resilience”, “elastic”, “robustness”, “complexity”, and “persis-
tence”. In this context, the term “resilience” would be first related to the term “ro-
bustness”. In this setting, as previously mentioned, the term “robustness” addresses 
“the degree to which a system is able to withstand an unexpected internal or external 
event or change without degradation of in system’s performance.” Then, the term 
“robustness” indicates “the degree to which system operates correctly in the presence 
of exceptional conditions.” On the other hand, “resilience” refers to the system’s 
ability to recover, retrieve, restore, or regenerate its performance after unexpected 
impact that declined its performance, as [36] proposes. 

In this context, as understood so far, the significance of the term “resilience” ad-
dresses the ability of a system, community, or society exposed to security-related 
threats to resist, absorb, accommodate, and recover from the effects of a threat in a 
timely and efficient manner, including through the preservation, restoration, and adap-
tion of its essential basic structures and functions to state that it is possible to going on 
and continuity. Regardless, the term “resilience” includes strong relations to reactive 
nature in included R&D cases and literatures, e.g., respond, recover, retrieve, restore, 
and adapt. Our furthered research-learning-scope includes many proactive dimen-
sions, such as “prepare, prevent, configure, and protect”. Currently in #WINLandFI, 
there are ongoing discussions of resilience and stability of ecological systems [16], 
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community and mechanisms of critical and resilient digital services [37], resilience in 
globalization and transitional pathways [38], genealogies of resilience [17], from 
systems ecology to the political economy of crisis adaptation and management and 
resilient systems [39], and resilience engineering [40]. 

The relation between the terms “learning scope” and “resilience” in this study was 
imperative because it can be expected to further our surviving capabilities by related 
changes on demand and furthering of novel learning designs and curriculums. This 
resilient learning design with address what we need to study when faced with inevita-
ble difficulties, such as often scopes described in national research agenda and H2020 
calls: as grounded so far, the emerging term “resilience” is approached for achieve-
ments of surviving capabilities for changes on demand and manners to enhance the 
capability at all levels of activities to create paths that are robust yet flexible, to moni-
tor and revise risk models, and to use resources proactively in the face of disruptions 
or pressures of ongoing activities such as learning, control, production, service, trade 
or industry. Resilience addresses also to an ability to recover from, or building new 
positions to, misfortune or adaption of mandatory change. The term “resilience” in-
cludes typically four abilities: 1) to plan and prepare, 2) absorb disturbance, 3) recov-
er from, and 4) adapt to known or unknown threats. In this study, the empirical and 
multidisciplinary R&D results point to the rather practical basis of the term “resili-
ence” and necessitate revisions of its theory, related to such as described in [16] and 
genealogies of resilience [17]. 

RESILIENCE OF KNOWLEDGE ECONOMY: The discussion of a “knowledge 
economy” can be addressed here the use of knowledge-intensive technologies and 
services, such as: information sharing; knowledge sources, knowledge co-creation, 
and knowledge management to produce information-intensive economic benefits as 
well as new workplace creation integrated into R&D-related themes. In macro scale, 
the global economy is transitioning to a “knowledge economy” or “resilient 
knowledge economy”; in micro scale, higher education is transitioning to a 
“knowledge economy of more resilient information-intensive services, products, arti-
facts, policy developments, and methodologies which are achieved in R&D related 
regional-global collaboration” [5] as well as transitions between knowledge acquisi-
tion, participation, and knowledge building and co-creation more resilient learning 
metaphors. 

TOWARDS REASONING OF RESILIENT LEARNING: During the security sys-
tems evolution, while each of the systems for digitalization and integration may for-
mally go through the development process, such as readiness requirements, the over-
all integration analysis, development, and corresponding requirements are clearly 
increasing due to the following elements which are ever more present: 1) operational 
and managerial independence of operations; 2) commercial value of data and data 
fusion; 3) challenges of border and cultural traits; 4) emergent strategies and behav-
iour; 5) trust building, e.g., over borders and between authorities and vary silos; 6) 
ethics management and social aspects, e.g., citizen’s responsibility and organization’s 
mutual and national responsibility; and 7) path-dependency in evolutionary, develop-
mental, and cultural views. 

iJEP ‒ Vol. 7, No. 2, 2017 105



Paper—Resilient Learning – Towards Integration of Strategic Research Programmes, Higher Education… 

TOWARDS RESILIENT LEARNING: The study exposed that the terms “scope”, 
“motivated steering”, “social characters of involvement” were useful to a satisfaction, 
atmosphere, mutual  trust, confidence,  and “learning to like or dislike”  in a resilient 
learning space in such as integrated R&D consortiums where; a student can take 
“a  scope” and makes his own personal activity,  creation, improvement, and validation 
into the selected or shared learning target as “shared scope”, e.g., as in a new applica-
tion-proposal building or co-creation process, which resulted from scope-
participation-based thinking. 

TRIGGER OF RESILIENT LEARNING: A scope and thematic setting of study 
triggers (steering) drivers was not loaded by a teacher’s knowledge in the beginning 
of studies, so scope-related knowledge can be composed openly by a student's view-
points as by resilient-elastic nature, interests, aspiration, and motivation, not neces-
sary only in teacher’s or problem-based viewpoints. 

TARGET AND SUBJECT ORIENTATION: The term “research-learning scope” 
can refer to a mental or physical target  or subject matter that something deals with in 
resilient learning. The target of using the “resilient-elastic scopes” in the beginning of 
R&D related learning integration as frame  to   support a  student’s imagination and 
creativity in learning, and the assumption was that the understanding of resilience 
relations and “resilient-elastic nature of scope” would  generate   and   maintain 
the  motivation  and spirit for learning,  balancing the  judgments and   potentials 
of  objectives,  goals, and  targets;    e.g., the tuning of a cognitive load in a lifetime of 
studies would be balanced by students and teachers by “alignment and adjusting of 
scopes and subject matters”. 

KNOWLEDGE BUILDING ARTIFACTS: The “scope”   addresses the  idea that, 
between two people,  there   is   third    dimension as “a scope”, e.g., a model, artifact, 
tool,  concept,  or mental  or  social factor  with  which  students may share, transfer, 
adapt,  and build knowledge. It communicates, activates, and motivates  their  personal 
or  team  learning spirit, confidence and stimulates peripheral participation. 

ENHANCED RESILIENCE: Using the scope as learning trigger-driver increases 
resilience, “everything does not go as designed” and elasticity in solution based learn-
ing approach, both can be approached in the reactive and proactive sense. The design 
of scopes bridges “learning by novel research agenda” and “motivation of learners” in 
the first place and builds furthered components for continuums of using new proposed 
knowledge sources as with theory and metaphors of learning in action-related compe-
tences. 

TOWARDS SHARED RESILIENT LEARNING IN EUROPE: Collective devel-
opment forums of European Higher Education Area discusses challenges of higher 
education institutions and recommends that higher education take on more of a lead-
ership role as actors and pioneers of the innovation system and national-global devel-
opment progress. According this study, it is evident that higher education institutions, 
especially in security-related fields, have to be supported by multidisciplinary and 
transdisciplinary cooperation with business communities and universities, for activa-
tion of competence, capabilities, performance, adaptions on demand, and social dia-
logue. 
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Abstract—when there is interaction within online learning groups, mean-
ingful learning is achieved. Motivating and sustaining effective student interac-
tions requires planning, coordination and implementation of curriculum, peda-
gogy and technology. For our aim to understand online learning group process-
es through identification of effective online learning group mechanisms, com-
parative analysis was used on a massive open online course (MOOC) run in 
2015 and 2016. Qualitative (interaction on the platform) and quantitative (sur-
vey) methods were used. The findings revealed several possible ways to im-
prove online learning group processes. This paper concludes that course organi-
zation helped in increasing individual participation in the groups. Motivation by 
peers helped to increase sustainability of interaction in the learning groups. Ap-
plying these mechanisms in higher education can help making online learning 
groups effective. 

Keywords—Online Learning, MOOC, Higher Education, Learning Groups, 
Online Learning Groups. 

1 Introduction  

The proliferation of ICT in teaching and learning has created new possibilities for 
supporting collaborative and cooperative learning in distance education [1]. Collabo-
rative learning hinges on the belief that knowledge is socially constructed although 
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each learner has control over his/her own learning. Vygotsky argues that a person’s 
learning may be enhanced through engagement with others. Learning groups have 
been preferred for propelling interaction and learning. However, motivating and sus-
taining effective student interactions are not easy to achieve. That requires planning, 
coordination and implementation of curriculum, pedagogy and technology [2].  

Learning groups have been widely used to enhance learning in higher education 
and more specifically in distance learning. This is done by giving group assignments 
to help in the initiation of learning groups. However, challenges of co-locating learn-
ers and participation of each group member lead to some learners not contributing on 
the group assignment. Often, their names are still attached to the work. This causes 
high failure rates at the end during summative assessment [3], since the learners that 
do not participate, fail to harness the benefits of the rich learning experiences from 
group members. Therefore, effective ways of engaging learners online can offer pos-
sibilities of enhanced interactions among learners in learning groups.  

This study was carried out on a MOOC titled “Success - Unleash Yourself” run by 
the University of Agder using the NovoEd platform (https://novoed.com/success-
agder-2016). The course has been run twice in 2015 and 2016 each from January to 
March. Our study is aimed at understanding online learning group processes to identi-
fy effective online learning group mechanisms. Online Learning groups can help to 
bring distributed learners together to work. The goal was to establish processes of 
effective online learning groups in the MOOC. The research questions to be answered 
are how to form effective learning groups and how to sustain effective online learning 
group’s processes. Further on, we answered the question of how to increase interac-
tion of learners during online learning group process. Interaction is usually encour-
aged to increase learners’ engagement when completing group assignments.  

Collaborative learning refers to instructional methods that encourage learners to 
work together to find a common solution for a given task [4]. Collaborative learning 
involves effort by groups of learners who are mutually searching for meanings, under-
standing or solutions through negotiation [2, 5]. Collaborative learning occurs where 
there are interactions. Anderson in his online learning framework argues that for 
meaningful learning to happen, there must be high interaction in either student-
teacher; student-student and student-content interactions [6]. Mayende, Muyinda [7] 
and Stahl, Koschmann [2] also asserts that learning takes place through student-
student interactions. Ludvigsen and Mørch [8], found out that learners effectively 
develop deep learning when supported by computer supported collaborative learning. 
Therefore, a well-structured course to enhance group work can enable student-student 
interactions in computer supported distance learning [9]. Collaborative learning is 
based on consensus building through interaction by group members, in contrast to 
competition. Collaborative activities are essential to encourage information sharing, 
knowledge acquisition, and skill development [10].  

The rest of this paper is organized in four sections. Section 2 presents the approach-
es and our research methods. In section 3, presents the findings of our work and dis-
cussions. Finally, the paper is concluded in section 4. 
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2 Approaches and methods 

This section describes the course design for learning groups and the research meth-
ods used. This is described in the following subsections: modules, learning groups, 
learner support and methods.  

2.1 Modules 

The course was composed of four modules with specified tasks and activities, 
paced per course calendar. Learners were expected to complete all modules. The first 
module takes two weeks to establish the background and to connect the learners. This 
helps in establishing social connection among learners so that forming learning 
groups becomes easy. After that there are three modules that last for two weeks each 
and all of them follow the same basic structure (see table 1 below). The last week is 
used to wrap up the course and to sketch the way ahead. 

Table 1.  Basic timeline for a module 

 
 
Table 1 shows the timelines for a module with the following activities.  

• At point “0” the module content and the tasks for the first week are announced.  
• At point “1” the first task is reading of the theory presented. This helped the learn-

ers to underpin their discussions in the open forums on the module theories. 
• At point “2” submission of individual learners answer to the group activity as a 

starting point. This helped initiating learners into the group activity. Each learner 
comes into the group with their opinion about the group activity. This helps to in-
crease participation in the learning group.  

• At point “3” the reading is concluded with a quiz. This helped to assess the learners 
on the theories of the module. The quiz is developed in such a way that the learner 
can attempt the quiz three times. In each attempt the learner is given detailed feed-
back which enhances more learning about the theories.  

• At point “4” tasks for the second week are announced.  
• At point “5” the deadline for group hand-in is reached. This hand-in is based on the 

group’s discussion and individual student answer to group task. It is during the 
group deliberations that the groups agree on final submission and the member who 
submits.  

• At point “6” learners start working on individual hand-in with emphasis on group 
support. The team members are encouraged to consult their teams when working 
on the individual activity which is connected to the group activity but contextual-
ized for everyone. Since learners have already worked on the group activity it is 
easy for the learners to consult one another when working on their individual sub-
mission. 
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• At point “7” soft deadline for individual hand-in.  
• At point “8” hard deadline for individual hand-in; peer assessment of individual 

hand-ins begins. 
• Finally, point “9” has the soft deadline for peer assessment of individual hand-ins 

(hard deadline on Friday that proceeds). The tasks for each week are displayed on 
top of the platform every time your login. This is an important affordance of the 
NovoEd tool. 

2.2 Learning Groups 

In the first module, there were auto-assigned learning groups of around 30 learners 
each. In the other modules, the learning groups were self-formed and each group had 
at most 5 members. The activities created for module one was aimed at connecting 
learners and getting familiar with the platform. This was good in building social con-
nections in learning groups. A juggling activity was used in the first module. Learners 
were required to learn how to juggle and the submission required them to make video 
recording when they are juggling. This activity has a game concept which makes 
learners enjoy and get to know one another with ease. Since the juggling submission 
is seen by all learners, it helped in enforcing social connection. Activities were de-
signed in such a way that each activity could build on another one within the module. 
For the activities to enhance group work, learners start with presenting individual 
answers to group activity. This is then followed by group discussion and hand-in. The 
learners are then given contextualized individual activity which is built on the previ-
ous group activity. Finally, there are at least three peer assessments on individual 
hand-ins. The final individual activity would be peer assessed using a pre-defined 
rubric which was developed by the course facilitators. In addition to the peer assess-
ment, each assignment would get more feedback from learners through comments. All 
the submitted activities are accessed by all the learners in the course with possibility 
to comment and respond to comment. This encouraged interaction among learners 
online and learner support. 

2.3 Learner Support and Peer Feedback 

Learner support is important for online learning courses. Forums were created on 
the platform to help in giving or receiving feedback from the learners or facilitators. 
They were created to harness the experiences and knowledge from the community of 
participants. The learner support ranged from technical to subject matter. This was 
developed with the aim of allowing feedback to come from the learners themselves 
given the learner numbers in the MOOC. This fit well with the growing numbers of 
learners in higher education. 

Peer feedback was encouraged since all the submissions were accessed by the 
learners in the MOOC. This allowed learners opportunity to give peer feedback 
through comments. Each submission received at least one feedback. 
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2.4 Differences in the MOOC 

Most of the content of the course were the same. However, there was an emphasis 
on participation in the announcement for the MOOC of 2016. The announcement 
placed on the platform clearly stated that “this is not a usual MOOC, because it is 
designed for active learners. You must pay for taking it by putting in at least 10 hours 
of your time each week. The course features only a few videos, and the learning out-
come is achieved by working on the tasks”. This is perceived to have played a signifi-
cant role in improving the course. In this course deadlines were changed from hard to 
soft. This seemed to have had a good impact on the learner’s participation in the 
course. There was also flexibility on limits of the group size. In the 2015 MOOC, 
there was fixed limit of five (5) members per group. However, in 2016 MOOC limits 
of Group size were changed to seven (7) members. This usually happened when 
learners from the someplace or region wanted to be together in one group. 

2.5 Methods 

This paper is based on a comparative analysis of the course for 2015 and 2016. 
Qualitative and quantitative methods were used in collecting data and analysis. This 
helped in data triangulation. Two course surveys that is mid-term and course-end 
were run. The surveys contained both open ended and closed ended question. These 
surveys were responded to by learners on the two MOOC courses. Mid-term survey 
had 27 respondents for 2015 and 36 respondents for the 2016. Course-end survey had 
61 respondents for 2015 and 66 respondents for 2016. Observation was also done on 
two online learning groups. The interactions on the forums were also used in the anal-
ysis. The qualitative data was analyzed by validating the quantitative data collected. 
This was the done through the themes created from the quantitative results presented.  

3 Findings and Discussions 

The course design helped learners to engage with course literature. At the end 
1.44% of the learners received statements of accomplishment in the 2015 MOOC and 
5.04% of the learners received statements of accomplishment in the 2016 MOOC. 
This is agreement with MOOC completion rates [11-13]. The findings are presented 
in the following subsections: course organization, do groups reduce structure, what 
helped with learning, are learning groups working, what did the group help with, and 
what collaboration tools were used. 

3.1 Course Organization 

This subsection describes the course organization. The organization determines the 
success and interactions of the learning group. This agrees with Mayende, Isabwe [9], 
who established that peer based assessment organization increased interaction and 
learning among group members. The course organization which puts emphasis on 
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learning group is shown in figure 1. Initially, the learners within the groups would 
submit individual work for the group activity. This helps to initiate the learners to the 
learning group activity and each learner to contribute to the learning group discussion. 
The points of disagreement from individual viewpoints increased the learners’ mean-
ingful learning. An individual submission is open to the entire class to give feedback 
which helps in the interaction and learning processes. 

 
Fig. 1. Course organization 

The individual answer to the group activity helps in the learning group discus-
sions/processes. The learners discuss/find solution for group activity online either 
synchronously or asynchronously. Once the group answer has been arrived at it is 
submitted/handed-in. However, group hand-in is accessed by all the learners on the 
MOOC with affordances of peer feedback. The learners are encouraged to give feed-
back to other group submissions. After submission of the group work, the learners 
work on the contextualized individual answer which is based on the group activity. 
The learners are encouraged to consult with group members when working on this 
individual answer. Then the submission is peer assessed by at least three learners 
using the rubric developed by the facilitators of the MOOC. This course organization 
made group formations very easy and encouraged interaction among learners. 

3.2 Do Groups reduce structure? 

The learners were asked to reveal their perception about the course organization by 
asking the participants to indicate their levels of agreement to the statements regard-
ing course organization. This was aimed to finding out if groups reduced the course 
structures. Figure 2 below indicates the percentage agreement with the statements for 
the MOOC of 2015 and 2016. 
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Fig. 2. Do groups reduce structure? 

In both MOOCs, the learners perceived the courses to be well structured, activities 
to be well organized and assessment rubrics to be very clear. This is important in 
ensuring that online courses in higher education are successful. This is in agreement 
with our earlier study which indicated that a well-designed detailed course guide can 
lead to an effective online learning group [14]. The learners also perceived that they 
achieved their learning expectations in 2016. This could be reason for better comple-
tion rate for the course.  

In both MOOCs learners agreed that group activities were clearly described with 
enough time allocation to the activities. This is important for online courses since 
these types of learners are doing many things in additional to studying. These are 
typical of distance learners who are working and studying at the same time, which is 
common for the learners of today. If the group activities are not clearly described this 
can lead to higher dropout rate especially for the online courses. This can also apply 
in higher education. It is important for online courses in higher education to ensure 
that the group activities are clearly described with enough time allocation to the activ-
ities. The learners also agreed that the activities were connected to the overall course 
objective. With activities, which are connected to the course objective, this will help 
to ensure that the learning outcomes are met. 

Generally, learners in both MOOCs agreed that they did not need to be at campus 
to study this course efficiently. This agrees with already distance learning pro-
grammes which are offered at the same competence level. Participants also revealed 
the importance of forums; 46% believed that forum discussions were essential in the 
course in 2015 and 69% in 2016; 39% agreed that cafeteria forums helped in getting 
to know the members of the group in 2015 and 61% in 2016. This indicates that there 
was more interaction in the forums in 2016 than in 2015 which would be another 
cause for the better completion rate in 2016. 
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Therefore, use of learning groups in higher education can reduce online learning 
course structure. Knowing that online learning groups reduced structure, the next 
section explores what helped with learning. 

3.3 What helped with learning? 

Learners revealed that the following teaching resource contributed to learning out-
come as shown in figure 3.  

 
Fig. 3. What helped with learning? 

The respondent’s perceived quizzes to support learning in the 2016 MOOC. The 
quizzes were designed with aim of helping learners understand the theories of the 
course. The quizzes were compulsory and highly dependent on theories of the course. 
This indicates that the 2016 MOOC benefited more as compared to the 2015 MOOC. 
This shows that the participants in the 2015 MOOC didn’t give enough time to the 
course literature which was a foundation for the course. Hence the difference in com-
pletion differences. The findings also revealed the importance of individual challeng-
es, learning videos, success wiki and story video. Story videos were important be-
cause they connected well to the theory by giving authentic examples which helped 
learners to learn with easy. 

The findings reveal differences in group challenges, peer assessment done and peer 
assessment received with advantage skewed towards the MOOC of 2016. There is 
need to boost group assignment’s contribution so that more completion rates can be 
achieved. This can be done by the facilitators increasing on the feedback they give to 
the learners. This is not possible in the MOOC since usually the numbers are very 
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high. However, this can be done in high education courses by increasing the online 
tutors to help in providing learner support and feedback. 

Peer feedback played a significant role in ensuring interactions with the course 
platform. Since all the submissions were assessed through the platform the learners 
interacted and helped peers get more feedback on their submissions.  

Peer assessment was done on final contextualized individual answer. The facilita-
tors developed rubrics that assisted the learners to asses’ other learner’s submissions. 
It was emphasized that each learner should give assessment to at least three other 
learners. The peer assessment was viewed by the learners to help them know how 
they have been assessed which will help better understanding of the concepts missed 
out. Learning happens both during provision of peer assessment and receiving peer 
assessment. 

The learners also felt that the course resources helped them in doing the group ac-
tivity with 68% for 2015 MOOC and 83% for 2016 MOOC. Having course resources 
that are connected to group activity can help in ensuring effectiveness of the online 
learning group. Though having indicative course resources to do group activity is 
important, learners should be allowed to be innovative and bring in new course re-
sources when doing their assignments. This is possible with an online learning com-
munity. The learners of the MOOC of 2016 (72%) agreed to the roles and processes 
for problem solving more than the MOOC of 2015 (43%). This shows that there are 
better group dynamics in 2016 as compared to 2015 which can be one of the reason 
for the better completion rate. For purposes of effective social group connection, it is 
important for the group members to agree on the roles and processes within the group. 
However, groups build cohesion over time of interactions. This time element should 
be incorporated in the course structure.  This is a very important aspect that can be 
adopted in higher education to have effective online learning groups. Results also 
revealed that only a few participants in both MOOCs were frustrated with one or 
more group members and the group size was big and distracted the group. The group 
size of five (5) members can bring about effective interaction and group deliberations. 
Since group size was five that is the reason they felt that they were not distracted by 
the group size and frustrated with one or more group members. This group size is 
easy to monitor and the members feel a sense of belonging.  

Learners were also asked about the effectiveness of the online learning groups. 
Forty four percent (44%) felt that it was 70% and above effective, 40% felt that it was 
40% - 60% effective, 16% felt it was below 40% effective. This reveals an indication 
to the right direction with 84% feeling that the effectiveness of the learning groups 
was above 40%. The organization of the course played a significant role in the effec-
tiveness of the online learning groups. However, this should also be coupled with 
appropriate online learning groups and activities. This then brought us to question if 
learning groups were working as elaborated in the next section. 
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3.4 Are learning groups working? 

Learners were asked their perception of online learning groups.  Figure 4 shows the 
percentage of respondents who perceived the statements to be true about their online 
learning groups in both MOOCs. 

 
Fig. 4. Are learning groups working 

On average 55% of respondents agreed with positive statement about learning 
groups in 2016 and 40% in 2015. The statements included the following “Our team 
members were supportive and encouraging each other”, “I received positive feedback 
from my peers”. “Our team members respected my opinions”. The above statements 
indicated high percentage of agreement. These helps in motivating and sustaining 
interaction within learning groups. However, learners never reached levels of sharing 
jokes during their group discussion which is indication that the groups had not got to 
high levels of group dynamics as indicated in the Tuckman five stage model [15]. 
Learners shared jokes in the 2016 MOOC (21%) compared to the 2015 MOOC 
(13%). These elements are very important aspects of effective online learning groups 
in helping to motivate members. In higher education, it should be encouraged to let 
learners know that support, encouragement, positive feedback, respecting opinions 
from group members are important aspects for effective online learning groups. 

Motivation is important for sustainable online learning groups. Motivation is not 
one-off event but a continuous process throughout the learning group life. Learners 
agreed that they were motivated by their peer’s interaction within the group. One of 
the learners said, “The more you get quick feedback on your submissions definitely 
the more you get motivated”. Eighty six percent (86%) agreed with the above state-
ments in 2016 and 50% in 2015. For effective online learning groups in higher educa-
tion group members should be motivated within the group by their peers and facilita-
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tors. Gallimore and Tharp [16], suggested that positive feedback encourages learner 
participation. 

Student interactions are important in increasing learning [6]. Interactions are en-
couraged through course organization. The organization allowed open feedback on all 
submissions by all the learners. The learners received feedback through comments on 
their submissions. Though the cafeteria forum was meant for social discussions, it 
generated a lot of content-related interactions. Learners interacted with classmates 
using questioning which generated a lot of discussions. Questioning that provoke 
other learners to think more or read content can help in assisting learning [16]. Some 
of the examples picked from the forums that used questioning: - “I agree with your 
thoughts on being successful in learning regardless of the type - good or bad - of ex-
perience. Do you think that almost everyone wants to be successful in learning?” and 
"Not achieving/finishing a task is not always failure; sometimes it is success delayed. 
What do you think?” This encouraged many learners to interact with classmates 
through these forums. This therefore is indication that learning groups are working 
and in the next section we elaborate what did the group help with. 

3.5 What did the group help with? 

The learners were also asked about how group members helped each other. Figure 
5 shows the details of the findings. 

 
Fig. 5. What did the group help with? 

As indicated in figure 5 learners felt motivated by team commitments and group 
feedback. This agrees with educational psychologists who believe that positive re-
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wards play a significant role in encouraging participation and interaction [16]. Learn-
ers were given guidelines on how to respond within the groups e.g. encouragement to 
give positive feedback. Guidelines on how learners should behave are very important 
to the motivation of learners in online learning groups. This is equally important for 
higher education.  Therefore, encouraging learners to give positive feedback will help 
in motivating the learning group members. When interactions or commitment within 
the group are high, the other learners will fear to let down their team members. Moti-
vation is vital in sustaining interactions and learning in learning groups. 

Learners were asked their perception of their interactions in learning groups. The 
percentage of respondents who perceived the statement to be true about their interac-
tions in the learning groups. The statements were required to understand the level of 
interactions in the groups based on Bloom’s taxonomy. The interaction questions 
were based on the verbs remember, understand and analyze. Remember is based on 
recalling facts and basic concepts, understand is based on explaining ideas or concepts 
and analyze is based on drawing connections among ideas. On average 52% of the 
respondents in 2016 MOOC perceived their interaction to lower levels of remember-
ing and understanding while 37% of respondents in 2015 MOOC. This can be im-
proved by facilitators getting involved in the interaction to provoke for higher level 
cognitive interactions. However, it is not easy for MOOCs given that the numbers of 
learners are usually very high. This can be done in higher education by the facilitators 
provoking learners during their interactions in the groups. Respondents also revealed 
that they used individual experiences when discussing the course concepts. This helps 
learners get new knowledge from authentic examples from more knowledgeable 
peers. The interaction was due to the design of the course which allowed peer feed-
back and assessment. 

There were also forums created with the aim of supporting learners on both tech-
nical problems and content. These forums equally received a lot of posts and com-
ments which helped the learners in getting support from other learners and tutors. 
Because forum interactions are open to all learners and tutors, the interactions were 
quality assured since corrections are made in case some person gives wrong comment. 
Learners felt that they can improve their ability to express thoughts online. In 2016, 
89% responded in agreement that they could improve their ability to express them-
selves while there was 50% for 2015 MOOC. This shows that the learners started 
finding interaction interesting and easy which could be an indication difference in 
completion rate. Equally the experiences that the learners came with in the course 
helped others to learn from them. This helps the knowledgeable peers to scaffolding 
other learners given their firsthand experiences from their work or previous work. The 
next section explains the tools used by the online learning groups. 

3.6 Which tools were used? 

This course was run on NovoEd platform but with flexibility to allow learners use 
other collaborative tools. Though there are so many technologies that can be used for 
collaboration student revealed that they used the following tools as shown in figure 6. 
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Fig. 6. Which tools were used? 

NovoEd was the most used tool, because this was the platform that the course was 
run. Mostly, the NovoEd tool was used in the collaboration of the learning groups. 
However, other collaboration tools were also occasionally used. 

Eighty two percent (82%) of the respondents felt that they sometimes got lost in 
the platform and failed to find what they wanted in the 2015 MOOC while 31% for 
2016 MOOC. This shows that learners in the second MOOC were more comfortable 
using the platform than the first MOOC. This has a significant bearing on the effec-
tiveness of a learning group. Likewise, 89% of the respondents in 2015 MOOC also 
felt that it was difficult for them to learn how to use NovoEd unlike 11% for 2016 
MOOC. This might have been because many of the learners who attended 2016 also 
come back from the 2015 MOOC. This makes them have fewer challenges using the 
platform. Fewer respondents 14% felt that they were comfortable seeking help via the 
forum while the 2016 MOOC had 75% who would get help from the forum.  

Table 2.  Effective collaboration tools 

Statement 2015 2016 
Our team has used collaborative tools outside NovoEd. 13% 30% 
In team interaction, it was sometimes frustrating to use technology. 30% 20% 
NovoEd was an effective tool for team work. 46% 62% 
Google hangout was an effective tool for team work. 20% 21% 

 
The table 2 shows how learners felt about the effectiveness of the collaboration 

tools used. It was indicated that tool support in the 2015 MOOC was 29% and 2016 
MOOC represented 36%.  Participates also revealed about provision of technical 
support during group work with 13% for the 2015 MOOC and 30% for the 2016 
MOOC. Tool usability is important for the success of online learning group. 
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4 Conclusion 

We conclude that the course organization structured for online learning groups has 
the potential to increase individual participation in groups. As such the course organi-
zation, can be an effective mechanism for facilitating online learning group activities 
in higher education. The course organization removes the known burden of support-
ing large student numbers reminiscent of MOOCs as it increases interaction among 
participants. The course organization help in providing clear sets of activities well 
aligned to the learning goals and resources. The increased feedback mechanism with-
in the course organization is good pre-cursor to participation motivation which leads 
to low levels of dropout. Therefore, for an effective online learning group the follow-
ing must be emphasized; well-structured course organization that supports group 
work,  well-structured group activities that have the affordances of online collabora-
tion and connected to the goals of the course,  guiding learners on how to motivate 
others through feedback and questioning,  encouraging interaction within a learning 
group, learning group tool usability and features that have the affordance of group 
processes and online technical support. 
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Abstract—Programming tasks are an important part of teaching computer 
programming as they foster students to develop essential programming skills 
and techniques through practice.  The design of educational problems plays a 
crucial role in the extent to which the experiential knowledge is imparted to the 
learner both in terms of quality and quantity. Badly designed tasks have been 
known to put-off students from practicing programming. Hence, there is a need 
for carefully designed problems. Cellular Automata programming lends itself as 
a very suitable candidate among problems designed for programming practice. 
In this paper, we describe how various types of problems can be designed using 
concepts from Cellular Automata and discuss the features which make them 
good practice problems with regard to instructional pedagogy. We also present 
a case study on a Cellular Automata programming exercise used in a MOOC on 
Test Driven Development using JUnit, and discuss the automated evaluation of 
code submissions and the feedback about the reception of this exercise by par-
ticipants in this course. Finally, we suggest two ideas to facilitate an easier ap-
proach of creating such programming exercises.   

Keywords—programming tasks; unit testing; test driven development; MOOC; 
automated grading 
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1 Introduction 

The well-known Game of Life [7], a John Conway creation, has withstood the test 
of time among popular programming problems for good reason. It exercises several 
useful programming concepts (like the use of random numbers, 2-D arrays, functions, 
loops and recursion), can be extended to include advanced programming concepts and 
methodology (such as Object Oriented Programming, Design Patterns, Test Driven 
Development, UI design, Interactive Programming, etc.) and can be scaled to varying 
levels of difficulty with ease. While some problems in Cellular Automata and Game 
of Life, are well within the reach of programming novices, others are difficult enough 
to be considered for advanced programmers in specialized areas (such as parallel 
programming or ecology modelling, etc.). Most importantly it is fun and engaging to 
program Cellular Automata and watch their transitions. In this paper, we explore the 
suitability of Cellular Automata challenges for developing a wide variety of pro-
gramming assignments, appropriate for audiences ranging from novices to experts. 
Programming ability basically rests on two pillars. One is formed by the theoretical 
foundations of knowledge about computers, programming languages, tools and formal 
methods (i.e. knowledge which is of a declarative nature, for example— being able to 
state how a “for” loop works). The other is the ability to apply this knowledge hands-
on. 

The famous adage “I hear and I forget. I see and I remember. I do and I under-
stand”, as succinctly put by Confucius, is very much relevant even to this day in ped-
agogy. But while much of the instructional content focuses on theoretical aspects of 
computer programming, it is programming assignments and exercises that play a 
major role in helping students learn programming skills and techniques through prac-
tice. 

Providing students with quality homework, exercises, and assignments is integral 
to the success of any course. Particularly so, in introductory courses where the major 
share of student’s learnings comes from [1]. Often however, the tasks set for practice 
are not considered as a vehicle that can direct learning behaviors in students [2]. To 
add to this, most programming assignments are what most students would classify as 
boring: mathematical problems (except games), sorting, string manipulation and oth-
ers all succeed in helping students to learn the concepts, but few are met with any real 
enthusiasm and fewer still inspire true creativity [3]. 

In Section 3 we begin with a study of interesting programming tasks that have been 
previously used in classroom courses, MOOCs and other instructional settings. In 
Section 4 we then provide a brief introduction to Cellular Automata, their different 
types and modelling use cases, and in Section 5 we describe how they can be used as 
programming tasks in various instructional contexts. We discuss previous work relat-
ed to this in Section 2 and in Section 6 we present a study on the use of Cellular Au-
tomata programming as an exercise task in the context of a MOOC on Test Driven 
Development using JUnit. We also discuss student submissions evaluation methodol-
ogy in this exercise and present an analysis on student feedback and reception. In 
Section 7 we present the next steps that we’ve already started to implement. 
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The main contribution of this paper is to explore the various types of problems and 
the varying levels of complexity and difficulty, that can be constructed using concepts 
from Cellular Automata and the suggestions how to lower the barrier for teaching 
teams to provide practical programming exercises to their courses. 

2 Related Work 

There has been extensive research in Cellular Automata, and the problem of de-
signing programming tasks in computer science pedagogy. However, one of the re-
sults of our literature review was that there has been surprisingly little work investi-
gating the utility of Cellular Automata programming problems in computer science 
education. 

Using a series of Cellular Automata modelling examples, Lilly shows how these 
problems can be used creatively to address problems in the areas of motivation, learn-
ing styles, development of modeling skills, and the teaching of technology [5]. While 
the authors do describe the use of Cellular Automata in classrooms, they do not dis-
cuss it from the perspective of computer science pedagogy. 

Weeden employs multiple versions of the Game of Life simulation as exercises in 
parallel programming, including exercises using shared or distributed memory as well 
as exercises on how to measure the performance and scaling of a parallel application 
in multicore and many-core environments in [16]. Mache and Karavanic describe 
their use of the Game of Life as an exercise in teaching parallelism by asking students 
to speed up a CPU-only implementation by modifying it to use CUDA [17]. Wick 
employs the Game of Life as a vehicle to teach freshman students Command and 
Visitor, two important and widely applicable design patterns, by refactoring the Game 
of Life application [18]. Furthermore, Beniak uses the Game of Life to teach princi-
ples of game design and game engine development with Microsoft XNA [19]. Alt-
hough each of these endeavors explore interesting cases of cellular automata problems 
used in computer science education, we do not find any holistic discussion on the 
possibilities in using cellular automata for programming tasks. 

3 Programming Tasks 

While course lectures impart theoretical knowledge to students, programming ex-
ercises and tasks set in the course have the bonus of complementing the lectures by 
imparting practical knowledge to students. They help students in gaining a deeper 
understanding of the subject and in enabling them to apply their knowledge in new 
situations [4]. 

Guzdial and Soloway propose that this is achieved best by applying tasks in the 
realm of media. They claim that the current generation1 of students enjoys learning 
about array manipulation better if the example results in producing sound more than if 

                                                             
1 We dare to suggest that previous generations of students might have preferred that as well. Nowadays 
however, the improvements in technology easily allow to do that. 
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the task requires sorting student IDs or doing linear searches for employee names [4]. 
This calls for better use of current technology in pedagogy, where more immersive 
experiential learning can now be easily created by including manipulation of sound, 
graphics, and videos in problem contexts.  

Feldman and Zelenski suggest that the tasks that are suited best, are those that re-
sult in programs that students want to write for the reason that they enjoy running 
them themselves. Apart from requiring a strong audio-visual component and a high 
degree of interactivity, they believe that the end result of an assignment must be worth 
the time and effort required to achieve it, because when students see the end result of 
a programming assignment as something especially impressive, useful, or fun—a 
program they would like to have for themselves—they will approach the project with 
a heightened sense of interest and motivation. Also, writing a programs that can be 
presented with pride to relatives and friends, significantly increase a beginning pro-
grammers sense of accomplishment. [1] 

An obvious class of problems that fits the above requirements very well are those 
of game programming. Very often, the students say that gaming is what got them 
interested in computers and regardless of where they end up in their careers, many 
start off with a desire to become game designers. The fun factor in games is what sets 
tasks in this context apart from the majority of problems assigned. Next to this, games 
can also hold the potential for integration of almost all of the concepts and techniques 
taught in a typical CS degree program [3].  

Although the Game of Life and other Cellular Automata are not games in the con-
ventional sense, they are found to be equally engaging. There are typically no players, 
and the game is generally not about winning or losing, but is typically used as a simu-
lation of another system, that runs according to some specified rules. Thus, they com-
bine the benefits of gaming with the benefits and challenges of mathematical exercis-
es. 

4 Cellular Automata 

A cellular automaton is a mathematical model which has been widely studied in 
the simulation of various physical, chemical and biological systems. They usually 
consist of a configuration of “cells” which represent elements of the system being 
modeled, each of which can be said to be in one of a set of finite number of states. 
The configuration of these cells can be a single row of cells as in one-dimensional or 
elementary cellular automata, a grid as in two-dimensional cellular automata, blocks 
placed in three-dimensional space as in three-dimensional cellular automata or other 
regular structures such as a grid of hexagonal cells, etc. Each cell has a defined neigh-
borhood, generally depending on the shape and configuration of the cells. The cell 
itself may or may not be included in the neighborhood. If the cells are in a row, a cell 
has two neighbors—left and right. If the cells are in a hexagonal grid, a cell has six 
neighbors. The cells that are located on the margins may have their outer neighbors 
either defined as dead or as the cells that correspondingly lie on the opposite end of 
the configuration. The cellular automaton starts with an initial combination of states 
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of its cells and evolves following a transition function (a set of rules) that define the 
next states of the cells depending on the current states of their neighbors. The defini-
tion of neighbor and the transition function can vary and be complex depending on 
the system being modeled. 

For example, the cellular automaton could be modeling microbial growth, where 
each cell represents a microbe cell which can be alive or dead, and the rules by which 
it evolves could be that it survives or is born if there are four or more live adjacent 
cells, otherwise it dies. The previously mentioned Game of Life is modeled similar to 
this. Also, a simple two-dimensional Cellular Automaton can model growth of crys-
tals or patterns in snowflakes or on shells. These sequences of transitions are both 
mathematically interesting as well as aesthetically pleasing when displayed using 
colors to represent states of the cell [6]. 

Types of Cellular Automata vary widely in their complexity and modelling ability. 
While some models can only be used to express a basic idea of a phenomenon, others 
are accurate enough to be used for prediction. Stephen Wolfram describes this in [25] 
as:   

"Cellular automata are sufficiently simple to allow detailed mathematical analysis, 
yet sufficiently complex to exhibit a wide variety of complicated phenomena." 

Even simple Cellular Automata, such as the Game of Life, are computationally 
universal, meaning that it is able to compute/model anything computable [12, 24]. 
From the spots on a leopard to the design of a snowflake to the structure of the human 
brain, Wolfram is confident that there is a cellular automaton that encodes the design 
of each [10]. This nature of complex phenomenon emerging from simple systems in 
Cellular Automata [34], has instigated several scholars to consider the question of 
whether the underlying model of the universe is a cellular automata populated by 
digital particles [35, 36]. In the usage of Cellular Automata concepts for programming 
problems, this variety gives us the ability to tweak difficulty and complexity to suit 
our needs, to weave interesting concepts together to make an engaging experience for 
the problem solver, and at the same time stay relevant to topics in Computer Science 
curriculum. 

5 Relevance of Cellular Automata in programming tasks 

Jon Conway popularized cellular automata through The Game of Life [12], and 
Martin Gardner made them reach the public through his columns in Scientific Ameri-
can [7, 8] and his puzzle collection books [9]. Since then, a great number of profes-
sional mathematicians, as well as amateurs have contributed to an understanding of 
the game of life [12, 13, 14, 15], as well as Cellular Automata [20, 21, 22, 23]. Due to 
their engaging and narrative nature they have also been adopted widely to teach pro-
gramming concepts.  

Apart from their popularity and engaging nature, the most important feature of Cel-
lular Automata problems is the fine grain control they provide to the teacher, in being 
able to tweak the difficulty of problems by making incremental enhancements to the 
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problem design. For example, if the problems required to program an Elementary 
Cellular Automaton following a specific rule, the next difficult problem could require 
the programming of an Elementary Cellular Automaton using only one array, thus 
imparting list processing skills to problems solvers. The next addition could be that a 
general Elementary Cellular Automata generator has to be coded, taking the rule 
number (a naming convention that maps to a unique transition function) as parameter. 
The following task could then be to code the Game of Life or any other two-
dimensional cellular Automaton using two dimensional arrays which can be scaled 
then to 3 dimensions, etc. Interesting variations that stimulate one's visualizing ability, 
could require the Cellular Automaton to wrap around at its edges to resemble a Torus 
or only to wrap around on the sides as a Mobius strip. For more algorithmic variety 
and difficulty ranges, problems could require cells of other, non-rectangular shapes 
such as hexagons; or define unidirectional neighbors or have other such complex 
definitions of neighborhood.  

To include probability concepts, the task can be to design stochastic cellular au-
tomata where the transition rules are probabilistic rather than definite (i.e. instead of 
stating that the cell would be dead in the next state, we say the cell has 80% chance of 
dying). The states of the cells could be continuous rather than discrete as in Continu-
ous Cellular Automata, which tends to model many Finite Element Analysis imple-
mentations [37]. Furthermore, the automaton can be required to have a continuum of 
locations as in Continuous Spatial Automata or have time as a continuous variable 
where the state evolves according to differential equations, thus integrating important 
concepts from Calculus.  

The second most important feature is that they provide teachers with the ability to 
easily integrate a wide variety of programming concepts into the problem. The sim-
pler variants of Elementary Cellular Automata suit best in the procedural program-
ming context. To teach the concepts of Object Oriented Programming (OOP), varia-
tions from the simpler cellular automata can be employed. These variations might 
range from requiring the cells to be movable within the universe of the cellular au-
tomaton, to requiring the possibility to nest cells in another cell, thus enabling the 
student to model an entire ecosystem. Due to its parallelizability, the game can also be 
coded in Functional Programming paradigms which are most well suited for parallel 
programming. The variety in the spectrum of Cellular Automata problems recom-
mends them to motivate students. Particularly, visual learners are attracted by the 
created patterns and encouraged to develop their modeling skills [5]. They are consid-
ered to be useful for the development of curricula to teach certain computer technolo-
gies [5]. Problems of varying depth can be employed to expose different approaches 
to solve a task. The arising difficulties can be employed as feedback to improve the 
teaching material. 

Recent investigations by Stephen Wolfram [11] on cellular automata have put forth 
multiple thought provoking questions on the nature of our universe, on computability 
and computational irreducibility, and on the epistemology of sciences. His extensive 
research in these areas have exposed important unanswered question related to theo-
retical computer science, logic, Artificial Intelligence, Mathematics and Philosophy. 
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Deep questions such as these can generate sustained interest among some students 
that may lead them eventually to take up a career in Computer Science research. 

6 Case Study (Use of Rule 54 Elementary Cellular Automata 
Programming Task in Test Driven Development using JUnit 
MOOC) 

In the following we will discuss the findings of a case study that we conducted dur-
ing our MOOC “Introduction to Test Driven Development in Java and JUnit.” The 
course was designed as a two-week workshop on the basics of Test-driven Develop-
ment. The target group were participants with basic Java knowledge. About half of 
the participants had also participated in the previous Java programming course that 
we had offered a year earlier. The majority of the participants considered themselves 
to have good to excellent knowledge in programming. A couple of questions that we 
have asked to double-check these self-evaluations seem to confirm this. An in-depth 
examination of this survey will follow in a future paper. The course had 2799 regis-
tered participants2. 950 of these never showed up3. 283 participants received a Record 
of Achievement. 322 of the participants answered a couple of questions in our course 
end survey. The age of the participants ranged from less than 20 to 69 years. Most of 
the participants were male, and not surprisingly, as the course was offered in German, 
lived in Germany. The overall feedback on course quality, course length, etc. was 
good to very good. The difficulty of the course was considered medium (3 on a 5 
point Likert scale ranging from 1-very easy to 5-very difficult.)  

We picked the Rule54 Automaton among the one-dimensional automata rules, as it 
was the best fit for our requirement of being easy to comprehend and, therefore, being 
suitable for beginners. Any other rule would have been possible as well, coming along 
with its own advantages or disadvantages. 

6.1 Rule 54 CA 

A rather simple form of cellular automaton is the one-dimensional (elementary) 
cellular automaton, which consists of a single row of cells. Each cell starts with a 
given initial state and evolves depending on the states of its left and right neighbor. 

In our course on Test-driven Development and JUnit, we provided an exercise 
based on an Elementary Cellular Automaton called Rule 54. The participants were 
asked to implement and test this Cellular Automaton, which is constituted by the 
following set of rules: 

1. If the cell and both neighbors are dead in the current state, then the cell is dead in 
the next state. 

                                                             
2 We always employ the number of enrollments at course middle as the basis for our calculations, as these 
are the participants who still have a realistic chance on finishing the course with a certificate 
3 These are what we call no-shows. Platform users that register for a course but in the end do not ever visit a 
single item of the course. 
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2. If the cell and both neighbors are currently alive, then the cell is dead in the next 
state. 

3. If the cell and one of its neighbors are currently alive, then the cell is dead in the 
next state. 

4. If the cell is alive and both neighbors are dead in the current state, then the cell is 
alive in the next state. 

5. If the cell is dead and at least one of the neighbors is alive, then the cell is alive in 
the next state. 

6. The cells beyond the Cellular Automaton’s boundaries are considered to be dead. 

All mentioned rules can be represented as combinations of 3 binary numbers (In 
the following, they are sorted by the binary value represented. 0 represents dead and 1 
represents alive). 

 
Fig. 1. Rule 54 Cellular Automaton. Each row represents one iteration at a time. 

When the output shown in Figure 1 is written horizontally, it denotes a binary 
number, which is the number 54 in decimal representation. Hence, this automaton is 
named Rule 54. The rules and an exemplary evolution of a row with only one cell 
alive in the center of the row are shown in Figure 1. 

Cellular Automata based on building rules, such as in the example above, also give 
the teacher the ability to scale the problem complexity in small steps. For example, 
the first few problems for getting started can be to ask the student to implement spe-
cific rules such as Rule 54 or Rule 30, each having their own characteristic properties 
-- Rule 54 is amphicheiral [33], Rule 30 is chaotic [32], Rule 110 has been shown to 
be capable of universal computation [30, 31]. The usual algorithms employed to pro-
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gram a cellular automaton, typically use iteration or recursion on discrete time units, 
such as the number of days of evolution undergone. More advanced participants may 
even deduce an elegant closed form solution for certain problems such as Rule 54, in 
which the decimal value of the nth iteration is given in closed form by: 

! ! ! !

!
!"
! !!!! ! ! !for!!!odd !

!
!"
! !!!! ! ! !for!!!even

 

A follow up task for the students might be to code a general elementary cellular au-
tomaton, which takes the rule number as an input. Finally, the students can be asked 
to add an interactive display. Thus, the teacher is provided with a plethora of settings 
to tweak the complexity of the problem depending on the need of the situation. 

 
Fig. 2. Next to the part that is visible to the participants, the assignment contains a hidden part, 

which mainly consists of two types of tests: 1. tests that test the behaviour of the partic-
ipants’ implementation and 2. tests that test if the tests that have been provided by the 
participants test the correct things. They have to catch a certain amount of errors and 
have to pass against the correct implementation. The files that have been provided to 

the students were an abstract class that defined the required methods to be implemented 
(blue border), a starter class (nothing needed to be done here-green border), and the 

scaffolds for a test class and the according implementation class (red border). The red-
bordered classes had to be completed by the students. 
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In our course we employed the problem of Rule 54, which allowed us to test varied 
classes of test cases. These classes ranged from test cases that check the implementa-
tion on the main paths of the code to those that check the numerous edge paths, such 
as single celled or double celled automata. The original design of the problem includ-
ed an additional feature, which allowed the Cellular Automaton to be in a continuum 
having the cells that are bordering the automatons limits wrap around and lie next to 
each other instead of having the space beyond the limits of the automaton being popu-
lated by dead cells. This feature required a larger number of unit test cases to check 
the additional paths of Cellular Automaton wrapping, but since the course was target-
ed towards a novice audience and was supposed to run only for two weeks, we decid-
ed not to include it in the final problem statement. 

6.2 Testing and Assessment 

In the assessment of student submitted programs, there has been a wide use of dy-
namic testing using a battery of unit test cases that characterize and differentiate the 
correct solutions from the wrong ones [26, 27, 28, 29]. Dynamic testing provides 
precision in measuring correctness, but is not comprehensive. To come up with an 
exhaustive set of test cases that catches every possible mistake that a student can 
make is infeasible. Hence, there is an inherent necessity for static code analysis to 
assess students’ solutions comprehensively. 

In our JUnit course, we encouraged the participants to follow the test first ap-
proach.  According to this approach, tests are written first, then the actual solution is 
implemented. The participants iteratively improved their solutions as well as their 
tests, until they finally submitted their work for assessment. For the evaluation of 
these submissions we assessed their solution as well as their tests. To evaluate their 
solution, we used a battery of test cases that solely check the correctness. We are 
currently working on a more comprehensive assessment strategy by means of static 
code analysis. 

Our online assessment platform is configured to allow the solution as implemented 
by the participants to be run for a maximum time of 20 seconds. The better implemen-
tations, thus, had plenty of time to succeed on all our assessment tests. As a side effect 
the timeout acts as a filtering mechanism to weed out incorrect solutions.  

When the participant clicks on the “Score” button, our test suite is run against the 
participant’s solution of the problem and then our tests are run against their tests as 
shown in Figure 2. 

Dynamic Analysis of JUnit tests using Mutation testing: To provide thorough 
coverage for all possibilities, the Cellular Automata exercise would have required a 
large amount of test cases. To keep the workload for the teaching team in the zone of 
feasibility, we turned to the use of mutation testing, a common technique used in the 
software industry to evaluate the quality of software tests. The participants’ test sub-
missions were analyzed on the two dimensions of correctness and thoroughness. Par-
ticipants’ test solutions were not only required to pass a minimum number of tests 
against our correct “gold” solution, but it was also required that at least one or more 
of their test cases failed against a certain minimum number of our intentionally incor-
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rect/mutated “coal” solutions. We required students to pass only a minimum number 
of test cases against gold and catch only a minimum number of coals as opposed to 
100 percent or complete correctness and thoroughness in order to relax requirements 
as the course was targeted towards novices. Students were informed that their tests 
would be tested against a correct implementation as well as multiple other incorrect 
implementations. Code stubs, which included an instantiated constructor of the clas-
ses of gold or coal solutions, were provided to the students with appropriate directions 
on how to use them. 

 
Fig. 3. The average time spent on the assignment by the participants was about one and a half 

hours. In comparison, we, the members of the teaching team spent a total of about 10 
hours on the platform alone to create, maintain and troubleshoot the assignment. Addi-

tionally, we spent at least as much time that has not been recorded on designing and 
implementing the assignment.  

6.3 Feedback and Reception 

We have not done a formal evaluation on the participants’ perception of the Cellu-
lar Automata assignment. The discussions in the forum, however, ranged from “the 
exercise was way too easy, it should have required us to write more test cases” to a 
couple of very detailed discussions that showed that the involved participants had 
problems with the task but were eager to solve it.  

We have, however, some data on the way the users interacted with the task. 364 
course participants started the Cellular Automata assignment, which was one of the 
main alternatives to earn the Record of Achievement. We recorded 26.968 intermedi-
ate submissions. 279 participants finally submitted the assignment. The average score 
for the assignment was about 90%. The time that has been spent by the participants on 
the assignment ranged from about 1 minute to about 10 hours, counting only those 
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that at least solved it to some extent. One minute to solve the exercise seems to be 
hardly impossible with “legal” means. It was rather difficult, although not impossible 
to download the code and work on it offline as it contained a couple of hidden files 
used for testing. We, therefore, cannot eliminate the possibility that some of the very 
fast users have been cheating. Another explanation would be that they have teamed up 
to work on one of the participants’ assignment and then just had to copy/paste and 
resubmit the solution for the other user. As we always encouraged the participants to 
collaborate, this would be a perfectly acceptable approach. The number of candidates 
is low anyhow. No more than about 5-6 participants finished the assignment in less 
than 5 minutes. 

7 Required Adjustments 

Creating programming tasks, using cellular automata or not, requires much time 
and effort on the side of the teaching team. Particularly, writing sound, but not too 
rigid test cases is very important for the learning impact of these exercises. Sloppily 
designed test cases rapidly result in frustration among the participants, particularly 
among the novices who cannot yet distinguish if they are just not getting it right or if 
the tests are wrong. For the teaching team, this situation is problematic as well; soon 
the users’ requests for help need to be handled, exercises and test cases need to be 
fixed, discussions in the forums need to be calmed down, etc. In the following sec-
tions, we will introduce two approaches to cover this problem from different angles. 
In Section 7.1 we will discuss how to increase the pool of well-maintained, high qual-
ity programming exercises by offering a platform to share these exercises among 
teachers.  

In Section 7.2 we will discuss how replacing or enriching the current approach of 
dynamic testing by means of static code analysis can simplify the creation of coding 
exercises and improve their quality.  

7.1 Exercise Management and Exercise Sharing 

A coding exercise repository has been on our mind since we started to create our 
first programming course. During the preparation for the course on Test-driven De-
velopment the need for such a repository grew more urgent. This course raised the bar 
quite a bit as it’s topic required us not only to test the code of the participants but also 
the tests that they have written. Not only did we need more tests, but also the tests’ 
complexity grew. In discussions with colleagues, we soon realized that we were not 
the only ones who are facing this problem. One of the challenges for such a repository 
is that there are many auto-graders out there and the exercise repository needs to be 
flexible enough to allow exporting and importing from at least the more popular ones 
as otherwise it would not be widely used, thus degrading it to a mere management 
tool for our own purposes and not contributing to the solution of our problem. 
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We, therefore, analyzed two other auto-graders to find a common basis of required 
data to be stored with each exercise. Praktomat4, developed at the KIT in Karlsruhe, 
Germany and INGInious5, developed at the Université Catholique de Louvain in Bel-
gium are, as well as CodeOcean6, our own auto-grader, open source projects on 
github (see footnotes). Finally, we looked for a standardized data exchange format 
that serves our purposes. The idea here was not to reinvent the wheel but rather to use 
a format that is already developed by a community of possible future users of this 
platform. The common formats that first come in mind, such as Common Cartridge by 
the IMS Global learning consortium7 or the IEEE Learning Object Metadata (LOM) 
[38] didn’t really meet our requirements as they are serving different purposes. We 
finally found the ProFormA-XML format, which perfectly suits our needs. [39] 

Further developments of this Coding Repository, which is also available open 
source on github8 will be covered in a future paper. 

7.2 Static Code Analysis 

Quality in Software Engineering refers to either quality in the functional aspects or 
to the structural aspects of the software. Functional aspects reflect the correctness of 
the software solution, which is essentially a measure of how well the software con-
forms to a given design, based on functional requirements or specification. Structural 
aspects on the other hand refer to other non-functional aspects of the software such as 
robustness, maintainability, that support the delivery of the functional requirements. 
Our testing solutions are currently exclusively through dynamic testing using a battery 
of unit test cases or through manual evaluation by means of peer assessment, where 
feasible. The emphasis has been on checking functional aspects of code solutions so 
far, while the structural aspects have been largely left behind. While dynamic testing 
does provide great precision in measuring correctness, they are not comprehensive. It 
is very difficult to come up with an exhaustive set of test cases that catch every possi-
ble mistake that a student can make. 

Many programming languages provide tools that test the code on behalf of pre-
defined quality metrics, code-style and best practices. The huge advantage of this 
approach is that these metrics need to be defined only once per programming lan-
guage to be taught and then can be employed for all programming exercises the same 
way. In contrast to this, dynamic tests have to be written for each exercise separately 
and often have to be adjusted when the exercise is changed. 

Particularly for peer assessed programming exercises, additionally a security aspect 
comes into play. Currently, we ask our students to run the code of their peers on their 
home computers to check if the running program fulfils certain requirements. This 
comes with a certain risk. If the grading is based on a static code analysis, the peers 
would not have to run the code of their peers anymore. Instead they just need to run a 

                                                             
4 https://github.com/KITPraktomatTeam/Praktomat/ 
5 https://github.com/UCL-INGI/INGInious 
6 https://github.com/openHPI/codeocean 
7 https://www.imsglobal.org/cc/index.html 
8 https://github.com/openHPI/codeharbor 

iJEP ‒ Vol. 7, No. 2, 2017 137



Paper—Cellular Automata as an Example for Advanced Beginners’ Level Coding Exercises in a MOOC… 

static code analysis on the submission. Running such a static code analysis is way less 
risky than running the code of more or less untrusted persons. 

Moving away from functionality as the mere target of assessment, opens the door 
towards other important aspects of learning to write clean code: 

  
Reliability measures the risk of potential application failures and defects injected 

due to modifications made to the software. By means static code analysis, reliability 
can be measured e.g. in terms of good exception handling, null pointer dereference 
detection, or the safe use of inheritance and polymorphism. 

Efficiency deals with time and space used by the software. It can be measured by 
checking for appropriate interactions with expensive and/or remote resources, data 
access performance and data management, memory, network and disk space man-
agement. 

Security poor coding practices and architecture increase the likelihood of poten-
tial security breaches. Issues that can be found statically are bad input validation, 
buffer overflows, improper locking, or SQL injection. 

Maintainability includes many subtopics, such as e.g. modularity, testability, or 
reusability. It not only refers to readability of code and documentation, but also to 
observance of design and architectural rules. Important checks with regard to ensure 
high maintainability are e.g. cyclomatic complexity, unstructured and duplicated 
code, or an excessive program size. 

We’ve started to run our first experiments with industry strength tools for static 
code analysis. For now, we measured the performance requirements of such a solution 
employed in our auto-grader. The results so far are encouraging. These experiments 
will also be discussed in a future paper. 

8 Conclusion 

We have shown that Cellular Automata can be employed as practical programming 
exercises, suitable for novices as well as experts. They are a rewarding basis for de-
veloping interesting and motivating tasks. To design and to implement them, howev-
er, puts a high workload on the shoulders of teaching teams. The same applies for 
other interesting programming tasks as well. This is particularly true, when they are 
graded solely by means of dynamic testing. Alternative sources to determine a grade 
for the code that has been provided by a student, therefore, should be further investi-
gated. Static code analysis is a promising candidate. Another approach is to combine 
automated code assessment with peer assessment. Next to simplifying the process to 
create programming exercises, it is necessary to provide the possibility to exchange 
and share programming exercises with other educators, to allow reuse and evolution 
of programming tasks. 
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Abstract—To explore the characteristics of effective industrial leadership, 
this work embarked on a quantitative effort to investigate requirements posed 
on leaders. Contrary to previous competence-based studies, the present work 
examined leader qualities more broadly through substantive knowledge, per-
sonality traits, socio-emotive skills, cultural awareness, and ethics and values. A 
particular aim was to conceptualize and operationalize effective leader behavior 
in industries to identify relevant and targeted foci for engineering pedagogy. 
Statistical analysis and factor analysis of the data from 503 respondents on 81 
leader traits or skills shows that leadership that elicits positive organizational 
outcomes is founded on such leader personality dimensions as reliability, and 
such socio-emotive skills as self-leadership, emotional stability, inspiration and 
assertive communication.  

Keywords—industrial leadership, management behavior, personality, socio-
emotional competence 

1 Introduction 

In the contemporary world of hyper-competition, organizations strive to leverage 
client satisfaction and financial gains by strengthening their employees’ psychological 
connection with work, severely undermined by such macroeconomic forces as social 
upheaval and political turmoil. At the core of the convulsion, the concept of work is 
undergoing a change affecting not only organizational and team outcomes but also the 
context of individuals’ psychological processes [1]. This strengthens the business case 
for understanding and building the psychological capital in the workplace and for 
identifying measures preventing psychosocial risks [2]. When these risks materialize, 
they incur monetary costs through absenteeism, presenteeism, decreased productivity, 
increased employee turnover, deteriorated organizational citizenship behavior, and 
change resistance [3]. On societal and national levels, negative mental load at work 
impairs citizen health, increases mortality, lowers the average retirement age, and 
reduces quality of life, while straining the public welfare and health care systems [4]. 
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Contrastively, a rapidly expanding body of research has established an association 
between e.g. employee affective commitment and organizational outcomes, or be-
tween workplace climate and physiological, psychological and economic effects [5]. 
To better understand positive socio-emotive factors and their impacts at work, organi-
zational studies have taken an interest in the motivational role of job resources as 
facilitators of task accomplishment, exploring aspects such as autonomy and social 
support available at the work community [6], [7]. Representatives of the positivity 
school have found support for the role of positive emotions as factors yielding posi-
tive impacts on individuals’ thoughts, actions and physiology, ultimately increment-
ing their psychological, physical, social and intellectual resources [8], [9]. As the 
most salient and immediate source of emotional contagion, leadership is increasingly 
viewed as predictive of employee attitudes, performance, well-being and motivation 
[10], [11], with follower motivation for higher job performance having been described 
as the prime function of leadership. As mediators, organizations and management 
studies have proposed e.g. job design, organizational interaction culture, inspiring 
visions, or leader’s charisma, attractiveness, authenticity, motivational language [12], 
[13] or leadership style [14]. 

The myriad quests to understand the sources and foundation of effective organiza-
tional leadership have introduced various paradigms, drawing on supervisor influence 
on subordinates [15]. Traditionally, leadership has been approached through three 
different theory lines: the first examined leader attributes, the second leader behavior, 
and the third, contingency theory acknowledged the role of situational variables or 
contingency factors in moderating leadership effects. However, a group of leadership 
styles exists that does not fit into any of these theories directly as it cuts across several 
theories, directing the focus to a mixture of leader traits, conduct and contextual vari-
ables [16], [17]. Extrapolating from the core features of the above schools, the answer 
could be found with the constructivist theory, according to which leadership emerges 
in the relationship between leaders and followers [18], [19]. Sparked by this theory, 
the focus of leadership research has subsequently shifted from leader actions to the 
perceptions of the followers, taking the premise that without followers, there is no-
one to be led. This consideration for employee evaluations evidences a paradigmatic 
transition from top-down to bottom-up approaches to leadership [20].  

Perplexingly, despite the early recognition of the role of managerial communica-
tion as manifestation of leadership style and its significance for employee outcomes, 
the study of managerial communication competence has centered mainly on elemen-
tary and mechanical skills such as clarity of expression, appropriateness of language, 
timeliness of response, and attentiveness [21]. Until recently, the role of leaders’ non-
verbal transmission and influence strategies in enhancing human capital has been 
largely ignored [22], [23], [24].  

The presently burgeoning research on leader emotions and emotive communication 
has made significant advances, drawing upon theories such as motivational language 
theory and speech act theory, but the full grasp of factors impacting the quality of 
leader-member exchange is yet to be achieved [25]. While support is available for 
claims on the role of leaders’ individual differences and dispositional variables in 
interaction with subordinates [26], the communicative building blocks contributing to 
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successful leadership are insufficiently understood. Effective management communi-
cation has not been operationalized on a level concrete enough to explain for incidents 
perceived as inspiring, motivating and persuasive by subordinates. 

Leadership research has been criticized for strong segmentation and neglect to in-
tegrate findings from different approaches in a way that would allow simultaneous 
examination of leader traits, behaviors, situational factors and follower cognitions 
[27]. To respond to this call and to more solidly establish the anatomy of effective 
leadership, this study sliced supervisory competence requirements into a set of 81 
personal qualifications found through literature review, to examine which disposi-
tions, abilities, and skills are regarded as most pertinent for successful industrial lead-
ership. The findings are based on a sample of 503 respondents to an online survey. 
Factor analysis was employed to yield the components of leader performance. 

This research offers three contributions to the field of engineering education: 1) it 
furthers understanding of personal qualifications in industrial leadership, 2) it reposi-
tions communication competence in relation to industrial leadership, and 3) it builds a 
framework operationalizing managerial communication in the industrial set-up. To-
gether these efforts not just advance the theory of leadership and management but also 
provide concrete instruments for organizations and university educators by suggesting 
priorities for engineers’ competence development. 

2 Advances in Managerial Communications Research 

Management research has advanced significantly since the early curiosity about 
ways in which leaders exercise influence on their followers to create a sense of organ-
izational coherence [28], [29], [30]. The fundamental tenets of such influence have 
traditionally centered on the transactional principles of exchange in the leader-
follower interaction, while directing growing attention to the personal capabilities of 
the leader, with studies of leader pathologies paving the way [31]. Subsequently, 
much is known about traits enabling dysfunctional leadership, but to date, only little 
about leaders’ relational or influence strategies, or the implicit motives, thinking 
styles and attitudes that drive leader behaviors and outcomes and the ways in which 
they are perceived by subordinates [32], [33], [34]. 

Supervisor behaviors and abilities in interaction deserve more research attention, 
however, as they are known to be associated e.g. with organizational commitment and 
employee performance and well-being [35]. Owens and Hekman [36] contend that 
positive organizational outcomes such as effectiveness and high-quality leader-
follower relationships can be traced to leader humility. Leaders featuring positive 
characteristics through e.g. hope, optimism, resilience and self-esteem have been 
found to promote follower positivity and performance [37].  Kelloway et al. [38] take 
it as far as to claim that the prime purpose of organizational leaders is to spread posi-
tivity to their followers, due to the number of desired impacts that positive emotions 
induce in terms of creativity, efficiency, scope of attention, physical skills and health, 
optimism, resilience, commitment and coping at work. Overall, leader positivity 
seems indicative of subordinate perceptions of leader effectiveness, suggesting that 
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leaders’ socio-emotive skills bear an impact beyond subjective experiences. This, 
together with the accumulating reports on positive organizational scholarship or posi-
tive organizational behavior, substantiates a focus in this study on leaders’ psycholog-
ical capital [39]. 

Further, Lappalainen [40] challenged the advantage of the mathematically intelli-
gent in leader positions by investigating managers’ socio-emotive competence, per-
sonality dispositions and analytical intelligence and comparing them to subordinate 
perceptions. She found that social and emotional intelligences correlated on a signifi-
cant level with subordinate cognition of effective leadership, whereas analytical intel-
ligence yielded no correlation at all. Four out of fourteen personality dimensions 
seemed predictive of success in supervisory tasks. It should be noted that these four 
dimensions, sociability, inspiration, concrete perception, and optimism, all drive and 
color communication behavior and could therefore broadly be regarded also as com-
ponents of communicative competence.  

2.1 Leadership as Emotional Work 

Historically, managing stable and predictable tasks involved prescription of specif-
ic goals and directions, allowing leaders to direct, or to exercise their legitimate, posi-
tional or informational power to punish and reward [41]. Managing in the postmodern 
world is, however, much more complex, calling for less coercive and more empower-
ing means. As an example of power responding to today’s demands for employee’s 
self-directed action and proactive behaviors, leaders’ social power, referent or expert 
power, means that the individual is either seen in high esteem or regarded as pos-
sessing unique knowledge, granting him or her subsequent authority. Social power is 
linked with influencing strategies and contributes largely to organizational citizenship 
behavior, which in turn promotes individual and organizational effectiveness [42].  

From the exercise of formal authority or power, leading others has gradually mor-
phed into emotional work - feelings and affect are deeply intertwined with leading, 
leader outcomes, and follower outcomes [43]. The motivation and need to follow 
have deep emotional roots, the profound motive deriving from craving for care and 
attention, and a sense of identity and purpose - when allowing ourselves to be con-
trolled, we feel protected and secure. The leader provides meaning and simplifications 
in otherwise complex surroundings [44].  

Emotionality at work typically refers to concern for job design, workload, and job 
satisfaction [45] but also to the quality and impact of an individual’s affective re-
sponses to work. Studies show that the share of time an employee feels net positive 
affect matters for job satisfaction, more than the intensity of that affect. This implies 
that employers should rid their staff of minor irritations that accumulate into a mental 
load that eventually tips the balance towards constant negative affect. Contrastively, 
frequent positive reinforcements, although less intense, elevate job attitudes [46].  

Leaders can adopt emotionally intelligent behaviors in the workplace but emotion-
ality poses demands also for personality. Certain traits such as extraversion and emo-
tional stability have been found to correlate with leadership emergence [47]. Personal-
ity moderates an individual’s perceptions as leader-like but requires further investiga-
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tion as a predictor of job performance or actual leadership effectiveness. In other 
words, perceived influence is not equivalent to effectiveness. The other way round, 
the absence of certain traits may hinder the individual from emerging as a leader [48]. 
To add to the expanding body of research on positive leadership, this work embarked 
on an empirical effort to analyze the attributes that contribute to leader impact. 

3 Theoretical framework and research questions 

Among industrial leadership competences, the professional, transferrable leader 
skills have earned unanimous recognition, yet a systematic definition and conceptual-
ization of leaders’ generalist abilities remains to be achieved [49]. This may result 
from the nature of leader requirements: leadership competence is increasingly viewed 
through the lens of communicative competence [50], which is undergoing a conceptu-
al controversy of its own. Further, the systematic analysis of leader communication is 
perplexed by tension between two competing approaches: leader qualifications can be 
examined either as learnable skills or as biological personality traits [51]. 

For the present study, however, the divide between skills and traits remains irrele-
vant; instead, it suffices to acknowledge that the pivotal personal qualities comprise a 
mix of learnable skills and personality origins, be they inherent, genetic, biological or 
the result of conscious skilling or life history. This research subsequently limits its 
scope to the manifested or behavioral level of these qualities, that is, how these traits 
or skills are perceived by organizations. The overall research objective to further the 
understanding of leader qualifications is broken down to two research questions (RQ): 

RQ1: What is the make-up of leaders’ personal managerial qualifications? 

RQ2: What qualifications matter most in leadership tasks? 

The categorization serving as the basis of the empirical research was derived from 
a literature review of studies conducted in work psychology, leadership, organization-
al communication, and personality psychology. The aim was to map out the diverse 
competence areas intervening in leader tasks, resulting in a grouping that is not ex-
haustive, nor does it attempt to suggest a solid typology or prioritization, but rather 
serves as a first attempt to direct investments in engineering graduates’ leadership 
education. 

3.1 Categories of Leader Competences 

In industry, technical or substantive expertise alone seldom guarantees effective 
contextual behavior, which is known to turn field-related knowledge into productivity 
and profitability [52]. The study of bottom-up leadership must involve also follower 
perceptions and a subsequent focus on the leader’s relational abilities. These process 
skills address lifelong learning, learning to learn, critical thinking, cooperation, com-
munication, teamwork, intercultural cooperation, organizational understanding and 
project management. These represent the socio-cultural dimensions that are becoming 
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increasingly important as globalization intensifies the demands for flexible, socially 
adept and communicative engineering teams [53].  

This paradigm shift manifests itself also in leader requirements: today’s leadership 
theory has departed from the industrial foci on hierarchy, control and division of la-
bour and moved to a post-industrial accent on relationships, networks, trust, ethics 
and participation [54]. This also reflects a shift in research emphases: where leader-
ship was earlier the subject of psychology studies, it is presently examined through 
the lens of social psychology, interested in the role of the individual as a group mem-
ber in a social setup [55]. 

Consequently, postmodern leadership in industrial operating environments is far 
from static. The complex temporal conditions have subjected work communities to 
societal and social forces that urge leaders to assume roles that largely differ from 
those of their modern antecedents. Heroic, hierarchy-based headship labelled as char-
ismatic, inspirational, visionary, transformational or transactional, among others, was 
based on the social authority of an individual believed to endow extraordinary gifts 
and powers. This divine notion of leadership is gradually morphing into a more mun-
dane, constant earning of leader status in inter-human interaction where employees 
are no longer regarded as subordinates but rather as equal partners [56].  

The advanced technologies of today, disappearance of market boundaries, trans-
forming customer expectations, and the subsequently modified operating principles in 
the engineering world are further moulding managerial competence requirements 
[57].  

These trends set the stage for the analysis of managerial communication that 
proves effective in the psychological and cognitive processes of the post-industrial 
workplace. The following sections review literature on today’s working life skills, 
and, in particular, recent findings on competences pertinent to managerial tasks. They 
broadly categorize managerial competences into five areas: 1) substantive expertise, 
2) personality traits, 3) socio-emotive skills, 4) cultural skills, and 5) ethics and val-
ues. It should be noted, however, that these categories are broad and at times overlap-
ping, and merely serve as a theoretical point of departure for the empirical work. 

Substantive expertise: Functional Job Analysis examines leader activities through 
behaviours regarded as universal in the managerial setup. The foundation of effective 
leadership has traditionally been laid on first-rate substantive expertise but is increas-
ingly expected to extend beyond domain-specific capabilities. This expertise is a 
prerequisite in the five main managerial functions, comprising 1) planning and prob-
lem solving, 2) viewing, as well as the three functions of action: 3) independent ac-
tion, 4) leadership and 5) cooperation [58].   

Present membership of many teams, networks and communities simultaneously re-
quires not only subject-related technological expertise, but also soft skills and self-
leadership enabling employees to integrate thinking, feeling and behavior[59]. Re-
sultatively, where managers were earlier hired and promoted largely on the basis of 
their technical or substantive skills, they presently face mounting demands for per-
sonal qualifications such as social skills and self-leadership ability. It should be un-
derlined, though, that substantive expertise, be it theoretical, practical or strategic, 
takes an undeniable role in the build-up of professional expertise and managerial 
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credibility. As substantive expertise is domain-specific, this study investigates it only 
narrowly and superficially through theoretical knowledge, practical experience, in-
sight, and academic argumentation. 

Personality: In addition to observable personality traits that have traditionally en-
joyed a dominant position as descriptors of personality, other variables such as mo-
tives and cognitive styles deserve attention, especially in the context of organizational 
life. Motives and cognitive styles are purposive-cognitive factors and causal agents 
that relate to behavior and have predictive value. More specifically, motives constitute 
drivers for action functions and cognitive styles for planning and problem solving, 
which explains why they are worthy of examination in the work context. 

This study addresses bipolar personality dimensions that moderate the five univer-
sal leadership functions, including achievement motive (competitive achievement and 
focused achievement), leadership motive (action leadership and inspiration), coopera-
tion motive (sociability, listening and reliance), cognitive style (orientation, percep-
tion and thinking), and attitudes (ambiguity-change, optimism and self-image) [60]. 

Socio-emotive skills: One of the most intriguing organizational processes is inter-
personal communication, not from the viewpoint of information exchange, but in 
particular, from the point of view of the innuendos, feelings and conscious and sub-
conscious messages that employees convey. The recent paradigm in communication 
studies consequently discriminates between traditional linear views of communication 
as one-way information transmission, and more recent understanding of communica-
tion as a social process involving emotional exchange, culture formation and relation-
ship build-up [61]. What is of interest in the context of leadership research is that 
numerous studies have demonstrated that the social or relational abilities of the leader 
and his or her inspirational communication strategies are associated with successful 
employee outcomes [62]. 

The present study departs from the definition of socio-emotive competence either 
as biological or learnable and chooses to focus on its manifested, behavioral expres-
sion in the work context [63]. This is important due to the connection between a lead-
er’s mood and the subsequent mood of his subordinates. The connection is grounded 
on the design of the human brain, and because of this so-called mirroring process, 
huge expectations are placed on a leader, as his emotions tend to shift into the regis-
ters of those in interaction with him. What is noteworthy is that moods can be trans-
mitted also nonverbally, because emotions can be conveyed even in silence, through 
body language. Although every participant in a culture adds his or her own touch to 
the mixture of personal footprints, those of leaders have the strongest impact, since 
their messages bear most weight because of the role assigned to them. They manage 
meaning and interpretations for the entire organization, even when not expressing 
their thoughts consciously, intentionally or out loud. Their responses and bodily con-
duct are followed closely and modelled on, and this is how they set the emotional 
standard for the work environment [64].  

Emotional intelligence or socio-emotional intelligence is founded on two levels of 
capacity: intrapersonal or emotional, and interpersonal or social intelligences, further 
divided into self-awareness, self-management, self-motivation, social awareness and 
relationship management. A fundamental aspect of socio-emotional intelligence is the 
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reflection and understanding of one’s own emotions, and self-reflection and self-
awareness are generally recognized as the most important and effective managerial 
tool. Effective self-awareness facilitates self-motivation and emotional regulation, 
which helps prevent emotions from rising to a level that causes stress and problematic 
behaviour. There is evidence that those capable of regulating their emotions by means 
of rational thinking are physiologically, cognitively and socially healthier. Strong 
intrapersonal, or self-leadership, skills form the platform for social fluency. Social 
awareness allows the individual to read, interpret and tolerate others’ emotions, and 
those capable of capitalizing on this knowledge by attuning their conduct to the 
moods of others are regarded as socially skilled [65].  

Social fluency can prove particularly useful for those in charge: adoption of soft in-
fluence tactics positively facilitates organizational change and makes leaders appear 
as more effective in the eyes of the followers. Although not always recognized as a 
communication skill, effective listening has been claimed to distinguish the best man-
agers and leaders [66]. They do not merely listen, but they give their full attention, 
attune to the other person’s feelings, paraphrase and ask questions to understand bet-
ter. Their attunement is not jeopardized by preoccupation; full listening maximizes 
physiological synchrony and emotional alignment, resulting in their presence being 
truly felt by the other person [67].  

The present research subsequently includes question items that represent both the 
one-way information dissemination process and the two-way meaning creation and 
relationship build-up process. 

Cultural skills: Changes stemming from globalization accentuate socio-cultural 
aspects in employee competence development to accommodate the needs of individu-
als representing increasingly different educational backgrounds, cultures, and nation-
alities in the workplace [68]. Global markets and value network necessitate both sci-
entific-technical and economic competences that bolster production, but also socio-
cultural awareness and mental flexibility bridging the gaps between the growingly 
multi-cultural staff.  Simultaneously, cultural and generic knowledge such as method-
ological, communicational, and personal skills facilitating the functioning of multicul-
tural corporate teams are called for, as industrial tasks become less repetitive, linear 
and mechanistic. Resultatively, today’s employees experience disengagement that 
stems from the cultural boundaries characterizing the professional work settings and 
impeding the build-up of social connections and trust. The increase in workforce 
diversity also complicates managerial work, requiring cross-cultural skills such as 
cultural empathy and adaptability [69]. 

This is why generic socio-emotional skills such as empathy, flexibility, tolerance 
for diversity and openness are included in the present study. However, as they repre-
sent generic socio-emotive skills, they were not grouped under their own heading in 
Table 1. 

Ethics and values: Recent managerial wrongdoings have set higher and more pub-
lic requirements for leader conduct that is in line with organizational values and socie-
tal morale. More than ever, employees need to be ethically oriented and socially re-
sponsible, capable of contributing to a just, equitable and sustainable world. Further, 
they are expected to master ethical thinking and implementation both on the macro-

iJEP ‒ Vol. 7, No. 2, 2017 149



Paper—Industrial Leadership that Inspires – Managerial Communication as an Emerging Pedagogical… 

ethical level related to their profession and the micro-ethical level of the individual 
[70].  

Consequently, the present survey includes question items addressing sustainability, 
values thinking, integrity and responsibility. 

3.2 Research framework 

Traditionally, managerial communication studies have focused on the interaction 
between managers and subordinates, neglecting to adopt an individual differences 
perspective and paying, until recently, little attention to an individual leader’s person-
al capabilities.  To fill the related research gap, the present work embarked on a quan-
titative empirical effort to conceptualize and operationalize effective leader behaviour 
in today’s industry. The study examined leadership broadly through five categories of 
competence pertinent for managers’ professional artistry: 1) substantive knowledge, 
2) personality (motives, thinking styles and attitudes), 3) socio-emotive skills, 4) 
cultural skills, and 5) ethics, values and attitudes. Under such a definition of leader 
capabilities, the five areas were further divided into 81 skills, abilities or personality 
dimensions, responded to on a Likert scale 1 (not important) – 6 (highly important). 

This approach is founded on our previous study that identified effective leadership 
to comprise the substantive foundation, the personality level of intrapersonal or self-
leadership ability, and the manifested level that shows as communication behavior, as 
depicted in Figure 1. The key finding was that effective managerial conduct centers 
on assertion (alpha .88) emotional availability (alpha .90) and inspiration (alpha .81), 
found on the interpersonal or skills level. 

 
Fig. 1. The foundation of effective leadership.  
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3.3 Method and data collection 

The present research focused on examining today’s leader requirements in indus-
try. The ultimate aim was to support organizational HR processes, particularly re-
cruitment and competence development. The survey asked for 1) respondent details 
(age, gender, and experience from supervisory tasks), 2) respondents’ industry or 
field, and 3) respondent insights into supervisory requirements (81 question items as 
listed in Table 1). The survey was devised with the Webropol tool. An online survey 
link was emailed to corporate HR managers, who then forwarded the invitation email 
to their staff. Responding took approximately 20 minutes. 

The question items were derived from the literature review and two previously es-
tablished instruments: 

1. the Work personality index WOPI 360: WOPI 360 is a multi-source appraisal 
for the comprehensive assessment of managers’ universal competences in terms of 
competent, good and desired behaviors. The 45-item questionnaire incorporates 
descriptive statements typical in managerial work situations. The respondents use a 
1-7 graphic rating scale to appraise how descriptive each statement is of the target 
person’s habitual behavior (1 = not at all descriptive; 7 = very descriptive). [71]  

2. Emotive Communication Test (ECT): The ECT is an other-report tool measur-
ing managerial socio-emotive skills. Its origin is in the Affective Communication 
Test ACT, which assesses nonverbal expressiveness and the affective elements that 
are essential to face-to-face and interpersonal relations in effective leadership. The 
instrument is valid for examining one’s ability to transmit emotion, and to lead and 
inspire others, thanks to its focus on such dimensions of expressivity as communi-
cation ability, emotionality, extraversion, responsivity, and empathy. The ECT is 
an adaptation that was modified to suit the Scandinavian operating culture, ad-
dressing self-regulation, assertion, agreeableness and emotional accessibility 
through 20 questions on a 1-7 graphic Likert scale (1=not at all descriptive; 7=very 
descriptive) [72]. 
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Table 1.  The categories under examination and the related question items. 

SUBSTANTIVE KNOWLEDGE 1. is competitive 

2. has theoretical domain expertise 3. makes decisions based on fact 
4. has practical, hands-on experience 5. is optimistic and hopeful 

6. has insight and visionariness 7. is realistic and considers facts 
8. has academic writing skills 9. believes in him/herself 

SOCIO-EMOTIONAL SKILLS 10. is self-aware and realistic about him/herself 
11. communicates clearly and unambiguously 12. recognizes his/her flaws and weaknesses 

13. communicates in an original and personal style  14. is assertive and decisive 
15. expresses empathy 16. likes to help others 

17. discusses issues outside work 18. relies on others 

19. is good at summarizing 20. willingly leads others 
21. expresses emotions 22. is compliant, follows advice and rules 

23. gives positive feedback 24. is flexible, capable of compromising 
25. gives critical feedback 26. is not impulsive or easily provoked  

27. accepts critical feedback 28. is goal-oriented and determined 
29. is an enthusiastic public performer 30. is efficient and a high achiever 

31. inspires and motivates others 32. carefully considers every decision 
33. hugs or touches in emotional situations 34. makes decisions in a speedy manner 

35. tolerates failure and disappointments  36. is systematic and organized 
37. has a sense of humor 38. solves problems analytically 

39. expresses opinions assertively 40. is intuitive and relies on instinct 
41. doesn't avoid emotional situations 42. remains calm and collected even in crises 

43. is collegial and expresses solidarity 44. takes responsibility for the atmosphere 
45. communicates negative issues face-to-face 46. is punctual and a good time-manager 

47. makes sure his/her messages are understood 48. tolerates routines 
49. is sensitive to other people’s moods 50. is intelligent 

51. negotiates skillfully 52. thinks critically 
53. keeps others up-to-date and shares information 54. is good at motivating him/herself 

55. networks and participates actively 56. seems content and happy 
57. masters small-talk 58. is entrepreneurial 

59. admits his/her mistakes 60. wants to develop as a human being 
61. apologizes when necessary 62. adapts easily to change 

63. is emotionally intelligent 64. is warm and agreeable 
65. is credible and convincing 66. is balanced and at peace with him/herself 

67. is energetic and enthusiastic ETHICS, VALUES AND MORALE 
PERSONALITY 68. does not compromise his/her values 

69. is inspired by new ideas and change 70. is absolutely honest in every situation 
71. focuses on detail 72. takes responsibility for his/her wellbeing and self 

73. focuses on the bigger picture 74. takes responsibility for others and their wellbeing 

75. is extraverted and sociable 76. is concerned for the environment and sustainability 
77. is a good listener 78. tolerates and respects diversity 

79. is creative and innovative 80. is reliable 
81. is willing to experiment with new ideas  
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The data were gathered from organizations that employ engineers. As can be seen 
in Table 2, most respondents in the sample represented the private sector (engineer-
ing, commerce, finance), and the rest the public sector (higher engineering education 
or research, health care, city administration). Anonymous responses were received 
from altogether 503 respondents, out of which 269 were male and 234 female. In the 
sample, 190 respondents were 40 years or above, and 303 under, and 308 had mana-
gerial experience and 195 not (Table 1). 

Table 2.  Respondent fields. 

Field of operation n 
Engineering industries 119 
Finance 75 
Commerce 63 
Engineering education, or research 79 
Health care 9 
Other 158 

4 Results and conclusions 

The results from the sample of 503 respondents to the online survey indicate that 
regardless of respondent age, gender, managerial experience and field, such emotive 
skills and personality dimensions that form the foundation for self-leadership are 
prioritized highest in industrial leader quality requirements. These included the ability 
to deal with emotionally difficult situations: receiving critical feedback, admitting 
one’s mistakes and apologizing. Managers are also expected to be balanced, implying 
that impulsive behavior is destructive in managerial tasks. Further, managers are ex-
pected to manage traditional information dissemination duties and to actively deliver 
and spread relevant information. In the sample of 503 respondents, the top ten item 
averages were as shown in Table 3.  

Table 3.  Top ten item averages in the sample 

Question item average Stand. dev deviation median  
1.is reliable 5,53 0,66 0,27 6 personality 
2.gives positive feedback 5,43 0,74 0,74 6 socio-emotional 
3.keeps others up-to-date and shares infor-
mation  5,42 0,71 0,71 6 socio-emotional 

4.accepts critical feedback 5,40 0,70 0,70 6 socio-emotional 
5.communicates negative issues face-to-face 5,37 0,79 0,79 6 socio-emotional 
6. communicates clearly and unambiguously 5,32 0,72 0,72 5 socio-emotional 
7.inspires and motivates others  5,30 0,76 0,76 5 socio-emotional 
8. apologizes when necessary 5,30 0,82 0,82 5 socio-emotional 
9. expresses opinions assertively 5,28 0,75 0,75 5 socio-emotional 
10. admits his/her mistakes 5,23 0,84 0,84 5 values and ethics 
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No major differences can be found between male and female respondents, as can 
be seen in Table 4. Nine out of ten items were identical on the two rankings, with only 
one difference: where men viewed “admits his/her mistakes” as an essential leader 
requirement, women prioritized “remains calm and collected even in crises”.  

Table 4.  Top ten item averages for male and female respondents. 

Male  Female  
is reliable 5,52 is reliable 5,56 
accepts critical feedback 5,39 keep others up-to-date and shares information 5,55 
gives positive feedback 5,36 gives positive feedback 5,54 
communicates negative issues face-to-face 5,31 communicates negative issues face-to-face 5,49 
keep others up-to-date and shares information 5,29 accepts critical feedback 5,45 
apologizes when necessary 5,27 communicates clearly and unambiguously 5,42 
expresses opinions assertively 5,26 inspires and motivates others 5,4 
admits his/her mistakes 5,24 apologizes when necessary 5,38 
communicates clearly and unambiguously 5,23 expresses opinions assertively 5,29 
inspires and motivates others 5,21 remains calm and collected even in crises 5,28 

 
Respondents’ managerial experience did not induce major differences in responses, 

either, as shown in Table 5. Eight out of the ten items on the top ten list are identical, 
with only two differences: those with managerial experience value “inspiration and 
motivation” and the ability to “communicate clearly and unambiguously”, whereas 
those with no experience in managerial roles prioritized the ability to “remain calm 
and collected even in crises” and “practical, hands-on, field-related expertise”.  

Table 5.  Top ten items for those with experience in managerial tasks and for those 
with none. 

Has managerial experience  No managerial experience  
is reliable 5,53 is reliable 5,49 
gives positive feedback 5,41 accepts critical feedback 5,38 
accepts critical feedback 5,39 expresses opinions assertively 5,36 
keeps others up-to-date and shares information 5,33 communicates negative issues face-to-face 5,36 
communicates negative issues face-to-face 5,29 remains calm and collected even in crises 5,28 
apologizes when necessary 5,28 apologizes when necessary 5,25 
inspires and motivates others 5,27 has practical, hands-on, field-related experi-

ence 5,23 

communicates clearly and unambiguously 5,26 gives positive feedback 5,21 
admits his/her mistakes 5,25 admits his/her mistakes 5,2 
expresses opinions assertively 5,23 keeps others up-to-date and shares infor-

mation 5,18 

 
When examining the averages per respondent field, some peculiarities emerge. Ta-

ble 6 demonstrates that all the fields within the study value managerial “reliability”, 
“positive feedback” given by the manager, manager’s abilities to “accept critical 
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feedback” and “communicate difficult issues face-to-face”, and managers who “share 
information and keep others up-to-date”.   

Table 6.  Top ten items per field. 

Engineering  Finance  
is reliable 5,37 is reliable 5,57 
gives positive feedback 5,29 communicates negative issues face-to-face 5,5 
accepts critical feedback 5,27 keep others up-to-date and shares infor-

mation 5,47 

apologizes when necessary 5,25 communicates clearly and unambiguously 5,38 
inspires and motivates others 5,22 accepts critical feedback 5,38 
communicates clearly and unambiguously 5,21 gives positive feedback 5,3 
expresses opinions assertively 5,19 expresses opinions assertively 5,28 
communicates negative issues face-to-face 5,19 focuses on the bigger picture 5,27 
keeps others up-to-date and shares info 5,16 remains calm and collected even in crises 5,27 
recognizes his/her flaws and weaknesses 5,09 apologizes when necessary 5,27 

    Engineering education or research  Healthcare  
is reliable 5,75 has practical, hands-on, field-related experi-

ence 5,71 

gives positive feedback 5,58 gives positive feedback 5,71 
communicates clearly and unambiguously 5,54 expresses opinions assertively 5,71 
inspires and motivates others 5,54 accepts critical feedback 5,57 
keeps others up-to-date and shares info 5,54 is balanced and at peace with him/herself 5,57 
communicates negative issues face-to-face 5,51 is reliable 5,57 
accepts critical feedback 5,48 takes responsibility for the atmosphere 5,43 
apologizes when necessary 5,43 communicates negative issues face-to-face 5,43 
remains calm and collected even in crises 5,42 makes sure his/her messages are understood 5,43 
is good at summarizing 5,37 keeps others up-to-date and shares info 5,43 

    Commerce  Other  
is reliable 5,69 gives positive feedback 5,53 
keep others up-to-date and shares info 5,56 accepts critical feedback 5,49 
gives positive feedback 5,49 is reliable 5,48 
accepts critical feedback 5,44 communicates negative issues face-to-face 5,47 
admits his/her mistakes 5,36 keeps others up-to-date and shares infor-

mation 5,43 

apologizes when necessary 5,36 expresses opinions assertively 5,37 
has practical, hands-on experience 5,31 communicates clearly and unambiguously 5,36 
communicates negative issues face-to-face 5,31 inspires and motivates others 5,34 
inspires and motivates others 5,3 remains calm and collected even in crises 5,34 
expresses opinions assertively 5,25 admits his/her mistakes 5,34 

 
Some differences emerged when analyzing differences between fields. Quite logi-

cally for a sector that operates in citizen health and security, healthcare prioritizes 
practical, field-related expertise highest. The sample of the “Other” field comprised 

iJEP ‒ Vol. 7, No. 2, 2017 155



Paper—Industrial Leadership that Inspires – Managerial Communication as an Emerging Pedagogical… 

mostly employees from city administration, which, in the absence of more tangible 
incentives and bonus programs, probably long for recognition and feedback from their 
leaders. In finance, skills in clear and frank information transfer are of the essence, 
which can be expected in an industry where even the tiniest inaccuracies in details can 
induce major financial risks or loss. 

What was regarded as least important for managers in all the fields was “hugging 
or touching in emotional situations”, which could be a cultural trait in the Finnish 
society. Similarly, competitiveness, an original or personal communication style, and 
reliance on others were not deemed important, nor were academic writing skills or 
small-talk. These findings apply to all respondent groups, to both genders, to those 
with or without managerial experience, to younger and older participants. Subordi-
nates apparently do not wish to serve leaders that are driven by a strong competition 
motive but rather appreciate social motives in them. On the other hand, they want 
their managers to be assertive, without  a need to rely on others or to look for others’ 
acceptance. Workplace interaction should focus on work and the substance matter, 
small-talk is not valued. A common, plain and ordinary communication style suffices 
that does not even have to be academically sophisticated.  

4.1 Factor analysis 

The data acquired from the 503 respondents was treated with SPSS for factor anal-
ysis (main component analysis, varimax rotation in use), examining the differences 
between respondents with and without managerial experience. The aim was to identi-
fy the competences required in managerial work that are regarded as pivotal for or-
ganizations. 

The five strongest factors in the sample of respondents with no managerial experi-
ence emerged as shown in Appendix 1 in their order of strength: 1) emotional stabil-
ity, 2) agreeableness, 3) self-leadership, 4) efficiency and energy, and 5) conscien-
tiousness. The first three categories are of personality origin and manifest themselves 
strongly in interaction with others as self-regulation ability, lack of impulsiveness, 
approachability and self-discipline. It is interesting that substantive knowledge ex-
plains for leadership to the least extent. 

In the category of respondents with managerial experience, the five strongest fac-
tors were, in their order of strength: 1) agreeableness, 2) self-leadership, 3) emotional 
stability, 4) conscientiousness, and 5) assertion. Again, personality-driven attributes 
were accentuated in respondent perceptions, showing that managers understand the 
value of interaction and the quality of their relationship with the followers. The em-
phasis on conscientiousness probably stems from the competitive and performance-
valuing operating environment in today’s organizations and the demands its poses for 
drive and achievement. Assertion offers no surprise, as firm and convincing ethical 
communication has generally been valued by other studies, too.  
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5 Discussion 

Traditionally industrial managers have regarded emotions as an element that dis-
turbs the rational operation of organizations but are beginning to understand that hu-
manity goes hand in hand with good performance. An increasing body of evidence 
has confirmed the mediating role of leader affects and emotional intelligence for in-
dustrial performance. Post-modern employees recognize that the fundamental or pri-
mal task of leadership is emotional, to prime good feeling in those they lead by creat-
ing resonance that allows the best in people to be unleashed. This good feeling in the 
community facilitates the build-up of a reservoir of positivity, which brings added 
value as the decisive factor driving productivity and the overall performance of the 
organization.  

This study set out to break leadership down into its essential components, to sup-
port university curriculum development and organizational competence development 
by identifying the key constructs of successful leadership. The analysis revealed that 
organizations place huge expectations on their leaders in terms of their personality 
development and socio-emotive abilities. This study showed that the most accentuated 
expectations are directed to leaders’ self-leadership ability; the most crucial compo-
nent of managerial interaction seems to be the ability to control one’s behaviour in a 
way that conveys balance, warmth and stability as this promotes approachability and 
ensures communication of critical information also bottom-up.  

While self-awareness and self-leadership are beneficial in bringing balance and 
happiness to one’s life, their appropriate and purposeful application in a way critical 
for the entire organization takes place, first and foremost, through reliable, ethical and 
value-based leader conduct that secures the fundamental legitimacy of the organiza-
tion. By demonstrating self-leadership, the leader can serve as an example in accept-
ing one’s weaknesses, apologizing for one’s mistakes, accepting criticism and appre-
ciating others’ successes and effort, but also in motivating oneself for competence 
development, resilience and personal growth. Further, motivational and inspirational 
leader communication styles, active listening skills, and spreading of positive energy 
and passion for the organizational mission are known to contagiously infect the work 
community with joy of work and dedication and elevated levels of achievement and 
performance. 

In order for this to materialize, the engineering education needs to incorporate 
themes such as self-leadership and self-reflection into the degree curricula to ensure a 
solid basis for constructive dialogue and positive communication in industries. Be-
sides serving engineering communities through more versed and effective leadership, 
such a reform will allow engineering graduates, be they leaders or subordinates, to 
lead more satisfactory – and productive – lives characterized by warm relationships 
and genuine interaction.  
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8 Appendix 

Factor analysis based on respondents with no managerial experience. 
 

   

Rotated Component Matrix* / Component 

 
1 2 3 4 5 6 7 8 9 10 

1. EMOTIONAL  M78. is reliable ,700                   

STABILITY 

M58. tolerates 
failure and 
disappointments 

,630                   

 

M57. remains 
calm and 
collected even in 
crises 

,622                   

 

M70. apologizes 
when necessary 

,609                   

 

M69. myöntää 
virheensä / 
admits his/her 
mistakes 

,603                   

 

M77. is balanced 
and at peace with 
him/herself 

,565   ,454               

 

M27. keep others 
up-to-date and 
shares infor-
mation 

,536                   

 

M79.is emo-
tionally intelli-
gent 

,514 ,427                 

 

M48. is flexible, 
capable of 
compromising 

,512                   

 

M18. is not 
impulsive or 
easily provoked 

,483                   
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M74. tolerates 
and respects 
diversity 

,480                   

 

M23. communi-
cates negative 
issues face-to-
face 

,471                   

 

M72. takes 
responsibility for 
others and their 
wellbeing 

,463                   

 

M17. takes 
responsibility for 
the atmosphere 

,460                   

 

M22. is collegial 
and expresses 
solidarity 

,456                   

 

M44. likes to 
help others 

,450                   

 

M39. is realistic 
and considers 
facts 

,443                   

 

M41. is self-
aware and 
realistic about 
him/herself 

,441                   

 

M33. is a good 
listener 

,432                   

 

M42. recognizes 
his/her flaws and 
weaknesses 

,426                   

 

M20. doesn't 
avoid emotional 
situations 

,413                   

2. 
AGREEABLENESS 

M10. expresses 
emotions 

  ,720                 

 

M7. expresses 
empathy 

  ,664                 

 

M16. hugs or 
touches in 
emotional 
situations 

  ,647                 

 

M8. discusses 
issues outside 
work 

  ,638                 

 

M76.  is warm 
and agreeable 

,462 ,571                 

 

M6. communi-
cates in an 
original and 
personal style 

  ,515                 

 

M49. has a sense 
of humor 

  ,444                 

 

M56. is intuitive 
and relies on 
instinct 

  ,440                 

 

M25. is sensitive 
to other people’s 
moods 

  ,416                 

 

M45. relies on 
others 

  ,400                 

3. SELF-
LEADERSHIP 

M66. wants to 
develop as a 
human being 

    ,620               

 

M71. takes 
responsibility for 
his/her wellbeing 
and self 

    ,595               
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M65. is entrepre-
neurial 

    ,584               

 

M63. is good at 
motivating 
him/herself 

    ,569               

 

M64. seems 
content and 
happy 

    ,531               

 

M40. believes in 
him/herself 

    ,473               

 

M67. does not 
compromise 
his/her values 

    ,470               

 

M46. willingly 
leads others 

                    

 

M73. is con-
cerned for the 
environment and 
sustainability 

                    

4. EFFICIENCY 

M53. makes 
decisions in a 
speedy manner 

      ,554             

AND ENERGY 
M81. is energetic 
and enthusiastic 

      ,523             

 

M36. is competi-
tive 

      ,513             

 

M32. is extra-
verted and 
sociable 

      ,510             

 

M29. masters 
small-talk 

  ,440   ,509             

 

M14. is an 
enthusiastic 
public performer 

      ,496             

 

M43. is assertive 
and decisive 

      ,490             

 

M26. negotiates 
skillfully 

      ,472             

 

M51.  is efficient 
and a high 
achiever 

      ,461             

 

M80.  is credible 
and convincing 

      ,437             

 

M61. is intelli-
gent 

                    

 

M50. is goal-
oriented and 
determined 

                    

5. 
CONSCIENTIOUSN
ESS 

M52. carefully 
considers every 
decision 

        ,656           

 

M54. is systemat-
ic and organized 

        ,635           

 

M47. is compli-
ant, follows 
advice and rules 

        ,623           

 

M30. focuses on 
detail 

        ,621           

 

M55. solves 
problems 
analytically 

        ,567           

 

M37. makes 
decisions based 
on fact 

        ,503           

 

M60. tolerates 
routines 

        ,471           

 
M59. is punctual         ,432           
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and a good time-
manager 

 

M62. thinks 
critically 

                    

 

M12. gives 
critical feedback 

          ,779         

 

M13. accepts 
critical feedback 

          ,735         

 

M11. gives 
positive feedback 

          ,642         

 

M19. expresses 
opinions 
assertively 

          ,490         

 

M15. inspires 
and motivates 
others 

                    

 

M35. is willing 
to experiment 
with new ideas 

            ,639       

 

M21. is inspired 
by new ideas and 
change 

            ,637       

 

M34. is creative 
and innovate 

            ,541       

 

M28. networks 
and participates 
actively 

            ,438       

 

M38. is optimis-
tic and hopeful 

            ,429       

 

M75. adapts 
easily to change 

                    

 

M4. has academ-
ic writing skills 

              ,595     

 

M5. communi-
cates clearly and 
unambiguously 

              ,576     

 

M9. is good at 
summarizing 

              ,576     

 

M3. has insight 
and visionariness 

              ,478     

 

M31. focuses on 
the bigger picture 

                    

 

M1. has theoreti-
cal domain 
expertise 

                ,705   

 

M2. has practical, 
hands-on, field-
related experi-
ence 

                ,693   

 

M24. makes sure 
his/her messages 
are understood 

                    

 

M68. is absolute-
ly honest in every 
situation 

                  ,525 

 

Extraction Method: Principal Component Analysis.  
  

 
a. Rotation converged in 14 iterations. 

 

Rotation 
Method: 
Varimax 
with Kaiser 
Normaliza-
tion. 
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