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Pedagogic transformation, student-directed design and computational 
thinking. 

Abstract 
In a world where technology has become pervasive in our lives, the notion of IT 
integration in education practice is losing its significance. It is now more appropriate 
to discuss transforming pedagogy where technology is not considered a tool 
anymore but part of what we are. To advance this hypothesis an entrerprising, 
student-directed approach is proposed which embraces problem-solving as activity 
and computational thinking as knowledge development. In order to test its efficacy, a 
case-study of students developing a 3D virtual space for international collaboration is 
used to exemplify the transformational pedagogy. From observations of the 
enactment of heutagogical characteristics and computational thinking, it is argued 
that we can now teach and learn ‘in’ technology. This modality will come to dominate 
how technology operates ‘as’ our lives, and become central to what it means to know 
and learn. (123/200) 
 
Keywords: Information Technology, Pedagogy, Heutagogy, Transformation, 
Student-directed design, Computational thinking 
  



1. Introduction 
Since time immemorial, we have invented and used tools to extend and amplify our 
human capabilities, and make our lives easier and more convenient as a result. In 
recent times, the use of Information Technology (IT) in education has been described 
and vigorously promoted as ‘empowering’ (Gates, 1996), ‘emancipatory’ 
(Negroponte, 1995), ‘exciting’ (Owen et al., 2006) and game changing (Oblinger, 
2012). For example, Oblinger (2012) claims that learning experiences can be made 
immersive through simulations and they also underpin collaboration via information 
sharing and online participatory structures. Computer and networked technologies 
also afford personalisation and flexibility as users ‘reuse’, ‘remix’ and ‘repurpose’ 
digital educational resources so long as educational institutions understand and take 
into account, “... the many social, technical, and intellectual interactions [that are 
possible] among students, faculty, and staff; the organization; and the infrastructure” 
(p. 49). This is an important caveat as the planning and implementation of IT 
initiatives in education have a chequered pedigree and often contentious track record 
(Jukes et al., 2010; Prensky, 2010; Towndrow & Vallance, 2013, Weston, 2014). 
Beyond the domain of educational technology, there is little agreement in the 
scholarly literature about whether IT in education is worth the time, expense and 
effort involved. What might account for this discord and inconsistency? 
 
Riding on widespread access where it is available and massive investment, it is a fair 
estimate that IT has been ‘integrated’ in some shape or form in most first-world 
educational contexts. Essentially, the basic design specification for technology has 
been to incorporate it into existing instructional arrangements or use it to combine 
various components, resources and materials into a larger, coherent whole. And so, 
most teachers and students in schools and Higher Education, have, for example, 
adopted courseware management systems (e.g., Blackboard, Moodle), social media 
platforms (e.g., Facebook, Twitter, edmodo), stand-alone applications (e.g., Microsoft 
Office) and dedicated hardware for education (e.g., Interactive WhiteBoards) without, 
we and many others contend, changing or reconsidering longstanding and 
fundamental teaching and pedagogical paradigms and practices. Professor Larry 
Cuban (2002) captures this issue particularly well when commenting on research 
conducted in the use of IT at Stanford University, California. He writes: 
 

“... the dominant teaching practices remained largely constant in the years of 
the greatest penetration of new technologies. Lecturing still absorbs more 
than half to two thirds of various departments' teaching practices, especially 
for undergraduates. Seminars, an innovation that was introduced at the turn of 
the last century, have become integral to graduate instruction and have 
penetrated the last two years of undergraduate coursework. These traditional 
forms of teaching seem to have been relatively untouched by the enormous 
investment in technologies that the university has made since the 1960s (p. 
129).” 

 
Cuban concludes his ‘oversold and underused’ argument by stating that few have 
pursued the deep and comprehensive changes in the existing system of schooling 
required to realize the fundamental changes ‘spouted’ by the promoters of new 
technologies. The end point, he supposes, is that the effort and expenditure involved 
in promoting the use of IT in education have been wasted or misguided, or both. 
 
To be fair, the anti-technologist in education critique (e.g., Postman, 1993) fails 
broadly to account for individual differences in specific circumstances and does not 
necessarily identify successful practices where they exist. In particular, it is often 
unclear what evidence counts in favour or not of effective use, and who gets to 
decide what is important. For instance, Higgins et al. (2012) found that: 



 
“Research findings from experimental and quasi-experimental designs which 
have been combined in meta-analyses indicate that overall technology-based 
interventions tend to produce just slightly lower levels of improvement when 
compared with other researched interventions. The range of impact identified 
in these studies suggests that it is not whether technology is used (or not) 
which makes the difference, but how well the technology is used to support 
teaching and learning (p. 15).” 

 
Furthermore, and decisively, for us, few critiques of technology use in education 
endeavor to explain how operations and programmes might be handled differently in 
the interests of moving forward positively. In this light, Diana Laurillard (2012) asks in 
her thoughtful book,Teaching as a design science, how technology changes teaching 
practice and how it changes the way learners learn and think. She seeks a workable 
methodology for teachers as designers where they create adaptive microworlds 
where learners can see the results of their actions. She also makes the case for 
learning as practice facilitated in, through and by discussion and dialogue, 
collaboration, and iterative cycles of conceptual transactions. We believe these are 
the places where the transformative pedagogical power of technology lies but there 
is an urgent need for our theoretical and practical considerations to move from 
generalities to specific and contextualised pedagogical instances. 
 
This paper, then, examines a particular sphere of content-based educational practice 
and attempts to answer the following question: What does pedagogically transformed 
teaching and learning look like and how might it be designed, enacted and assessed 
in ways the are appropriate and sensitive to specific learning objectives? The paper 
makes a case for pedagogic transformation via a heutagogical approach involving 
problem-solving activities that invite student-centred design and Computational 
Thinking strategies. 
 
The first section presents a case for pedagogical transformation in 21st century 
learning environments where we consider meta-cognitive knowledge is an essential 
capability. Problem-solving is then presented as a pragmatic activity to support multi-
disciplinary contexts and student-directed, active learning. In order to promote meta-
cognition, we introduce the concept of Computational Thinking and support this with 
a consideration of self-determined learning; termed heutagogy. In the next section, 
we utilise a case study of a virtual space (or microworld) to illustrate the development 
of programming, design and communication. We detail the heutagogical 
characteristics and the Computational Thinking implementation to demonstrate the 
efficacy of our pedagogical transformation. The final sections discuss the implications 
of a heutagogical approach in education and provide recommendations for 
transforming pedagogy in IT. 

2. Pedagogic Transformation 
The instructivist approach to content teaching is prevalent in Higher Education. Of 
course, despite the accusation of unproductive learning (Sarason, 2004), it would be 
absurd to completely abandon this universal pedagogy. However, academics will 
inevitably have to consider post-industrial perspectives of the roles of universities, 
education and knowledge. Teaching, learning, curricula and research will need to be 
re-considered so that students graduate with the required competencies to support 
life-long learning. These aspirations have been recognised by universities and 
organizations worldwide as exemplified by the many so-called Horizon 2020 reports 
where investment in technology and innovation will be used to support ambitious 
goals. For instance, we know that from 2007 to 2014, the UK government invested 



£30 million for the development of technology resources and learning environments 
(Conroy, 2014). But in today’s hi-tech environment of ubiquitous computing, the 
educator’s focus now shifts from the technology per se (the ‘what’) to manipulating 
technologies to promote and support a shift from declarative and procedural 
knowledge to meta-cognitive knowledge (the ‘how’ and the ‘why’). 
 
Anderson et al. (2001), developing the work of Bloom (1956), proposed a hierarchy 
of knowledge consisting of factual knowledge (relating to a specific discipline), 
procedural knowledge (techniques and procedures and when to use), declarative 
knowledge (relationship between concepts so that constituent parts can function as a 
whole) and meta-cognitive knowledge (knowledge of demands, strategies and one’s 
limitations). However, in accordance with the views of Dewey (1938) on education, 
Hase (2011) believes more is required: 
 

“The acquisition of knowledge and skills does not necessarily constitute 
learning. The latter occurs when the learner connects the knowledge or skill to 
previous experience, integrates it fully in terms of value, and is able to actively 
use it in meaningful and even novel ways (p. 2).” 

 
Experts in neuroscience, additionally, argue for more ‘active learning’ through 
experience. As Battro and associates (2011) claim: 
 

“Today the necessary task in educational and didactic systems is not to 
indoctrinate the child and pre-adolescent by transmission of knowledge 
through traditional textbooks but to make them aware of their own capabilities 
and to help them use these capabilities to progress from the passive condition 
of “loading” information into memory to the active condition of learning by 
direct experience (p.xxii).” 

2.1 Problem solving. 
A practical implementation for such active, experiential and, we propose, multi-
disciplinary learning is for students to consider, analyse, solve and make personal 
meaning from engaging problems. Problem-solving which necessitates multi-
disciplinarity presents opportunities for reciprocation between declarative and 
procedural knowledge in which personal input and collaborative efforts support 
connections which in turn can lead to understanding of concepts and theories in 
multiple contexts (i.e., meta-cognitive knowledge). Additionally, collaborative 
problem-solving promotes communication involving creative and interpretive 
meaning-making, analysis and reflective judgement (Tarricone, 2011). Accordingly, 
due to advances in computer technologies, educators can now consider a wider 
range of problems and extensive solutions which can be implemented in both real 
and virtual spaces. 
 
However, a signficant and serious barrier to the implementation of this multi-
disciplinary system across the subjects of Science, Technology, Engineering and 
Maths (STEM) is the silo effect at universities which has been developed both 
physically (i.e., each subject is taught in isolation in many universities and is 
sustained by the naming of departments) and ideologically (i.e., viewpoints of 
academic staff and students reinforce the perception of isolated subjects and 
specialisms). Efforts at multi-disciplinarity are bold and recognized as legitimate 
(NCTM, 2000) but are often considered reserved for the more elite institutions. 
However, and again referring to Stanford University, Wagner (2012) recounted, “how 
much of a struggle it has been to launch and sustain a radically different model of 
learning in a conventional academic setting” (p. 187). He reports that the obstacles 
for innovative education at universities are the lack of respect for multi-disciplinary 



inquiry, practical knowledge, and applied learning. Nevertheless, in those universities 
adopting changes in pedagogical practices, he concluded from his observations that 
they are organised around the values of collaboration, multi-disciplinary learning, 
thoughtful risk-taking, trial and error, motivation (play, passion and purpose), and 
creativity. 

2.2 Computational Thinking 
The active, experiential, multi-disciplinary, problem-solving conditions have been 
recognised by the Computer Science Teachers Association (CSTA) and the 
International Society for Technology in Education (ISTE), who have proposed that 
Computational Thinking (CT) as a problem-solving process is of such significance 
that it should be considered the fourth ‘R’ in education: “To reading, writing, and 
arithmetic, we should add computational thinking to every child’s analytical ability” 
(Wing, 2006, p. 33). 
 
In 2014, the UK national curriculum for both primary and secondary schools 
introduced a new subject to replace ICT called Computing. The new, compulsory 
subject has been developed on the supposition that, “Computational thinking is a skill 
that all pupils must learn if they are to be ready for the workplace and able to 
participate effectively in the digital world” (NAACE, 2014). Computational Thinking 
uses a set of concepts, such as abstraction, recursion and iteration to process and 
analyze data, and to create real and virtual artifacts. It encourages the use of 
ubiquitous and innovative technologies to solve problems: “Students become not 
merely tool users but tool builders” (Stephenson & Barr, 2011, p. 3). Computational 
Thinking can accordingly be considered as a device for conceptualizing learning and 
development (Brennan & Resnick, 2012) with the following characteristics: 
 

• formulate problems in a way that enables us to use a computer and other 
tools to help solve them; 

• logically organize and analyze data; 
• represent data through abstractions such as models and simulations; 
• automate solutions through algorithmic thinking (a series of ordered steps); 
• identify, analyze, and implement possible solutions with the goal of achieving 

the most efficient and effective combination of steps and resources; and 
• generalize and transfer this problem solving process to a wide variety of 

problems. 
 
Missing from above Computational Thinking strategies though is the concept of 
feedback. In a synthesis of 134 meta-analyses on achievement, Hattie (2009) 
discovered that “feedback was among the most powerful influences on achievement” 
(p. 173). Feedback has been defined as, “information with which a learner can 
confirm, add to, overwrite, tune, or restructure information in memory, whether that 
information is domain knowledge, meta-cognitive knowledge, beliefs about self and 
tasks, or cognitive tactics and strategies (Winne & Butler, 1994, p. 5740). Notice how 
the focus is on the self-evaluation of the learner, the processes involved in a task, 
and the task outcomes. Taking this further, Hattie proposes additional terminology: 
feed up (learning intentions and success criteria) and feed forward (progression and 
new goals). Engaging with the learner in feedback, feed up and feed forward 
discussions, as opposed to simply instructing the learner of their performance, leads 
to a better understanding of performance and the development of more challenging 
tasks. Adding feedback to the Computational Thinking characteristics for learning is 
therefore essential. 
 



In summary, Computational Thinking explicitly expresses multi-disciplinary content 
and contexts for student tasks: “CT is a problem-solving methodology that can be 
automated and transferred and applied across subjects” (Stephenson & Barr, 2011, 
p. 3). We propose that supporting Computational Thinking implementation requires a 
pedagogy where problem-solving is fundamental. In other words, teaching and 
learning as problem-solving. 

2.3 A heutagogical approach 
A modern education approach which provides opportunities to support such self-
determined learning is heutagogy (Hase, 2011). The characteristics of an educational 
experience in a heutagogical environment includes: having the learner generate 
contextually relevant content; true collaboration regarding content and process 
between teacher and learner, and learner and learner; the involvement of the 
environment in the learning; spontaneous and organic learning experiences; flexible 
curricula; and flexible and negotiated assessment. 
 
A heutagogical approach to teaching and learning promotes learner autonomy, 
capacity and capability. The emphasis is on supporting students in their meta-
learning (learning how to learn), rewarding risk-taking, embracing creativity, 
emphasizing the necessity of applying known knowledge to unfamiliar situations (a 
heuristic process), being self directed and independent yet still be able to cooperate 
and collaborate in order to seek meaningful solutions to problems. The goals in what 
may be considered heutagogical conditions are for students to identify unique 
opportunities to learn, maximise the benefits derived from experiences, and 
ultimately manage their own learning (see Figure 1). 
 

<Insert Figure 1 about here> 
 
Learning is an extremely complex process that occurs within the learner, is 
unobserved, occurs in random and chaotic ways and is a response to a personal 
need and, often, occurs to resolve some ambiguity. It is associated with making new 
linkages in the brain involving ideas, emotions, and experience that lead to new 
understandings about self or the world. Research has revealed that this can be 
undertaken by implementing a constructionist environment where students are 
‘active producers’ of learning (Harel & Papert, 1993). We argue that such 
environments need to be supported by a heutagogical approach and a consideration 
of technology being ubiquitous. The heutagogical approach embraces modern 
communications technologies where students are encouraged to share and 
communicate not only within their immediate class group but with others in local and 
international communities. Consequentely, informed dialogue and correspondence 
have the potential to lead to transformation of the academic—student—subject 
relationship. 
 
To test the efficacy of the heutagogical approach, in our research a university in 
Japan connected with two Welsh Baccalaureate Qualification schools in UK to 
implement collaborative challenges. The next section summarises the subsequent 
enactment of the heutagogical approach supported by Computational Thinking 
strategies within a problem-based, constructionist-focused project. 

3. Case Study 
In March 2011, a huge wave of water flooded emergency pumps resulting in a partial 
meltdown of reactors at Japan’s Fukushima Daiichi nuclear power plant. As a 
consequence, all nuclear plants in Japan were eventually taken off-line, and debate 



has continued about current and future energies. Undergraduate students studying in 
a Systems Information Science and Design focused Japanese university were 
offered the opportunity to discover more about the disaster and the ensuing recovery 
efforts. The project’s aim was to develop students’ science subject knowledge, 
technology skills, design aptitude and communication competency. The affective aim 
was to develop students to be more independent, responsible, and reflective 
learners. Sixteen students in Japan and UK were involved in the project (n=16).  
 
Upon being informed of the project context (Fukushima Daiichi nuclear power plant 
and the future of energy in Japan) the students searched for information in the 
Japanese media but were often astonished at the lack of consistent reporting and 
lack of clarity of post-disaster situations of both radioactivity levels and the plight of 
the unfortunate citizens who had to be evacuated from residential areas affected by 
the nuclear fallout. Another surprising result of the students’ search was the lack of 
robots in Japan to aid with the disaster recovery. 
 
Once the students sought information about the use of robots, they wanted to 
consider ways to help promote understanding of robot usage in dangerous situations. 
This became the problem to solve. To do this the students considered simulations. If 
they could develop a simulation of disaster recovery, then it would become more 
manageable to communicate the challenges and solutions. With the support of an 
external programmer, the students designed, created and built a nuclear disaster 
area simulation in OpenSim (see Figure 2) and Unity 3D virtual spaces. A virtual 
robot was built and programmed to synchronize its movements with the 
corresponding movements of real-world LEGO NXT and EV3 robots (see Figure 3). 
Throughout the development (cf. Vallance & Martin, 2012), the students iteratively 
designed a compendium of tasks to support the construction and programming of 
LEGO Mindstorms NXT and, later, EV3 robots in an undergraduate Systems 
Information Science course in Japan and the Welsh Baccalaureate in UK. The 
enactment associated with the characteristics of the heutagogical approach is 
summarized in Table 1. 
 

<Insert Figure 2 about here> 
 

<Insert Figure 3 about here> 
 

<Insert Table 1 about here> 
 
In 2012-13, data from twenty nine tasks conducted in the OpenSim 3D virtual space 
(Figure 2) and the Unity 3D virtual Fukushima nuclear power plant space was 
recorded. Some tasks involved Japanese students collaborating with other remotely 
located Japanese students and some with Japanese students collaborating with the 
UK students. Tasks included manoeuvring around obstacles using distance and turn 
commands, using touch sensors to find ways around obstacles, constructing a bridge 
and using touch sensors to move over obstacles, using light sensors to avoid 
obstacles, using sensors to locate items, data operations, and manipulating the 
telerobotic controls to virtually manoeuvre the LEGO robot within the virtual 
Fukushima space as part of ‘search and rescue’ simulations (cf. Vallance et al., 
2013). 
 
As the tasks became more complex according to our Robot Task Complexity criteria, 
the students indicated that even though the tasks were considered ‘demanding’ they 
deemed their skills to be ‘competent’ thereby indicating some degree of 
development. However, in later tasks the students revealed that as the level of 



challenge increased (from ‘manageable’ to ‘difficult’), their skill level in attempting to 
seek successful outcomes decreased (from ‘competent’ to ‘reasonable’). 
 
Looking at the task communication transcripts and screen captures, it appeared that 
the students had to utilize different procedural knowledge involving, for instance, 
programming a touch sensor to coordinate with a motor action. These latter tasks 
required students to ‘analyze’ and ‘create’ unique solutions based on their prior task 
experiences and were thus deemed most challenging. The increased task complexity 
necessitated a higher level of programing skill incorporating sensor variables and 
loops. The details of task specifics are beyond the scope of this paper but, in 
summary, for most tasks undertaken, the students’ programming required to 
complete the navigable circuits was less than the considered complexity of the circuit 
(cf. Vallance et al., 2015). However, tasks that students reportedly found difficult had 
one factor in common: they all necessitated the use of sensors. Students found tasks 
that involved sensors led to more anxiety. Sensors certainly contribute to the 
proficiency of a programmed solution, but it needs to be recognized by educators 
that, for the students, the inclusion of sensors represents particularly exceptional 
cognitive demands.  
 
Over time the students became more independent, reflective, began to speak 
eloquently about their goals and recognised the gaps in their knowledge that required 
further investigation. For example, looking at the feedback from one Japanese 
student over a series of tasks in Table 2 reveals how he was initially reluctant to 
engage with the challenging task necessitating the use of sensors to eventually 
recognising the need to be more creative in his possible solutions. Along the way he 
reflected on the task outcomes and made judgments about each of his solutions in 
readiness for the next week’s task.  
 

<Insert Table 2 about here>. 
Looking at the task communication transcripts and screen captures, it appeared that 
the students had to utilize different procedural knowledge involving, for instance, 
programming a touch sensor to coordinate with a motor action. These latter tasks 
required students to ‘analyze’ and ‘create’ unique solutions based on their prior task 
experiences and were thus deemed most challenging. The increased task complexity 
necessitated a higher level of programing skill incorporating sensor variables and 
loops. Also, observing the video captures as tasks progressed revealed that 
students’ communication skills had improved. Over the period the students became 
more independent, self-autonomous, reflective, began to speak eloquently about 
their goals and recognised the gaps in their knowledge that required further 
investigation (cf. Vallance & Naamani, 2013). The resulting enactment of 
Computational Thinking is summarised in Table 2. 
 

<Insert Table 2 about here>. 
 
 
The resulting enactment of Computational Thinking is summarised in Table 3. 
 

<Insert Table 3 about here>. 
 
To conclude our case study, task customisation is a feature of the heutagogical 
approach. For educators at school and in Higher Education, the teacher seeks to 
provide a task commensurate with the expected successful outcome to be developed 
by the learners. To understand if this is happening in practice, the complexity of a 
task can be compared with the solution developed by the student, and we have used 
robot programming and student collaboration to determine a metric which we call 



Task Fidelity to assist with this. Details of our task metrics is beyond the scope of this 
paper but may be referred to in Vallance et al., 20153. In the project, by combining 
Task Fidelity data with immersion data we could observe and quantify the usefulness 
of a task for promoting learning. For example, we found that the programming of the 
variables of the robot sensors by the students proved to be more complex than 
programming the manoeuvring of a sensor-rich robot; students were most anxious 
when engaged in tasks requiring sensor programming and were thus less immersed 
in the challenge. However, as their skills in sensor programming increased, 
immersivity increased; for example Japanese students were taught by UK students 
within the OpenSim 3D virtual space to program the robot’s use of light and colour 
sensor values to initiate specific actions such as turn and stop. The value of the 
heutagogical approach provided students with ownership of task development while 
associated Task Fidelity delivered a quantifiably measurable task metric for the 
instructor resulting in a pedagogical transformation. 

4. Discussion and Implications 
In the context of STEM, we asked what pedagogically transformed teaching and 
learning might look like and how it can be designed, enacted and assessed 
appropriately and sensitively in light of specific learning objectives. In response, we 
presented illustrative material from an extended task where Japanese undergraduate 
students explored the viability and practicalities of using programmable robots in 
response to the ongoing Fukushima Daiichi nuclear power plant meltdown that 
began in March 2011. Our findings show that the students not only successfully 
identified problem areas for themselves, but were also able to generate solutions 
using IT both locally and in real time, and in collaboration with students located in the 
United Kingdom. Crucially, our approach involved computational thinking and 
heutagogy which includes learner-generated contextually relevant content; true 
collaboration, environment-based learning, flexible curricula; and flexible and 
negotiated assessment. 
 
In keeping with Laurillard’s (2012) recently published design science principles, we 
believe our case study shows how technology is capable of changing teaching 
practice and how it impacts the way learners learn and think. We also have, we 
maintain, a designed-based methodology where students can create adaptive 
microworlds where they can see directly the results of their actions both virtually and 
in the real world. Yet, if we are to achieve the true transformation potential of 
heutagogy in the present context and other instructional situations then we consider 
that three necessary understandings must be in place before further expansion and 
development are possible. These relate to: (i) IT integration, (ii) Learning, and (iii) 
Assessment and achievement. We discuss each of these in turn drawing out the 
pedagogical implications as relevant and necessary. 
 
4.1 IT Integration 
 
The first issue or consideration to clear concerns the role and status of IT in 
education. In part, this is simply a matter of perception concerning the role(s) IT play 
in teaching and learning work but more fully, perhaps, it is conceptual and 
philosophical. To begin, if we look at the integration of IT from a technical viewpoint, 
a plain understanding would be that as the individual elements of instuction combine, 
then the hope is that they will work together to create a whole where improvement is 
a key outcome. And so, analogously, when we add sugar to our tea or coffee our 
sensual enjoyment is increased; and when we add IT to learning, output and 
outcomes rise. But, experience shows that IT is inherently disruptive and it often 



presents us with a line of argument that’s extremely difficult to validate and 
substantiate. For instance, How can we tell if integration has been achieved or not? 
Who decides? Does it matter? 
 
We want to argue that with heutagogy and our Fukishima case study, the notion of IT 
integration is neither relevant, useful or accurate. There was a time when we learnt 
from IT; especially computers that housed pre-programmend expert knowledge and 
information (Kulik & Kulik, 1991). Later, this relationship developed into one where 
individuals working alone or in groups learnt with IT. The central idea here was that 
IT provided us with tools to get certain jobs done more efficiently and effectively 
(Jonassen et al., 1998). Today, our 3-D virtual world context and other learning 
scenarios show that IT has become its own legitimate context for learning and being 
(de Freitas et al., 2010). In other words, we can now teach and learn in technology 
and this modality, we predict, will come to dominate how IT operates as our lives, 
and become a central pillar in what it means to know, learn and grow. 
 
4.2 Learning 
 
Second, heutagogy has a strong, distinguishing problem-solving element to it but to 
understand and position this characteristic correctly we need to appreciate that it is 
more than a teaching strategy to be adopted as and when circumstances allow. For 
example, in some forms of problem-based learning (PBL), teaching and learning 
occurs through problem-solving (Merrill, 2008). For example, in programmes that 
feature a ‘one-problem-a-day’ curriculum (e.g., Republic Polytechnic, Singapore 
(Alwis & O’Grady, 2002)) students learn subject-matter content for problem-solving. 
Further, we reported practicing students have the potential to learn a considerable 
amount about problem-solving. However, the risk is they might miss, over time, the 
bigger picture of why problem-solving is important in defining not just what we do in 
life but why we do it. 
 
Our material shows that heutagogy is not only pragmatic in the sense that students 
can generate personal, meaningful experiences through problem-solving but also 
that with the increasing complexity of tasks learning is best viewed as problem-
solving. This is more than just a play on words. When problem-solving is at the core 
of learning it forms its very essence—its indispensable character. This quality 
involves, to borrow a term from Nicholas Woltenstorff (2002) a constant internal and 
inherent invitation to learn which motivates us, in turn, to move forward to higher 
levels of difficulty. As our Japanese students showed, more demanding task 
requirements spurned creativity and new ways of working. This dispositional aspect 
is, we believe, particularly important in STEM where subject-based content tends to 
be taught in isolation by specialists who rarely embrace diversity or multi-disciplinary 
approaches. Our argument, then, is that pedagogical transformation is greatly eased 
and facilitated when doing becomes more closely related to being and thinking. This 
brings us to our third and final point concerning assessment and achievement. 
 
4.3 Assessment and Achievement 
 
The assessment of authentic learning has always proved problematic because real 
world tasks are characteristically complex, ill-structured and ill-suited to the rigours of 
standardised and normed testing regimes. Recently, Professor John Hattie’s work in 
visible teaching and learning provides a fresh and promising view of achievement as 
an important performance criterion. Hattie with Gregory Yates (2014) writes, “... 
achievement in schools is maximised when teachers see learning through the eyes 
of students, and when students see learning through the eyes of themselves as 
teachers” (p. xi). And they quickly add that this vision of teaching and learning relies 



vitally on teachers knowing and and acting on a strong understanding of what it 
means to learn (p. xiii). 
 
In our own heutagogical explorations, we have come to see a vital connection 
between action, learning and understanding both in and through the work of the 
Japanese and British student robot programmers. For the learners, a key progress 
point in their learning was when they were able to teach each other how to navigate 
increasingly more complex circuits using robots with multiple sensors. The students’ 
understandings were thus demonstrated in and through their own practices. And it is 
on this basis that we claim heutagogy, as we describe it, is a context for applied 
knowledge or wisdom. This only comes through meaningful action and reflection on 
practice and cannot be taught explicitly. For example, anyone who has ever tried to 
chop down a tree will know that it takes a great amount of skill, strength and courage 
to swing an axe well. Many will figure out through experience that a dull cutting edge 
is ineffective. But only the wise will stop periodically to hone their blades to keep 
them at maximum cutting effeciency. Likewise, the student-robot programmers kept 
notes and periodically reflected on their progress as their robot challenges increased 
in complexity. Their accumulated wisdom provided the basis for further 
generalisation and abstraction. 

5. Concluding Remarks 
The crux of our argument concerning pedagogic transformation is that it can be 
worked in and through student-centred design and particular types of thinking that 
are sensitive and respond to heutagogy. We agree with Diana Laurillard who makes 
a compelling case for the design of learning as practice that is facilitated by 
discussion, dialogue, and iterative cycles and conceptual transactions. That said, we 
do not feel there are strong grounds to claim that technology integration was the 
‘game changer’, in and of itself, for our learners working on extended and complex 
robot programming tasks. Rather, it was the design of teaching and learning in 
practice that made the real difference. 
 
If accepted, a key implication for heutagogical practice that follows is technology 
must build on sound understandings of key concepts in teaching and learning and 
not the other way around. The pedagogy first argument is not new (Watson, 2001) 
but its implementation is regularly hindered by standardised assessment protocols 
and deep-seated notions about what knowledge is, how learning occurs and what is 
to be valued in classroom interactions. Our present argument takes matters even 
further by now suggesting that the notion of IT integration is slowly but surely losing 
its importance and relevance in contemporary educational practice. That said, we are 
sure there will be many who will balk at the idea that IT is not just a part of our lives, 
toolwise, but now forms an important constituent of who we are as people. 
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Table1 Heutagogical characteristics and enactment 
 

Heutagogical 
characteristics 

Enactment 

Learner generates 
contextually relevant 
content. 

The context for the learning of LEGO programming was 
‘disaster recovery’. Students initially searched, 
summarised and reported information from different media 
regarding the Fukushima nuclear accident. 
 
Then they sought information about the initial lack of 
robots and the reasoning behind the circumstances. 
Having identified a problem, the students created a 
solution for a target audience (in this case, programming 
and remotely maneuvering robots in virtual and real 
spaces). The students were required to develop their own 
programming skills as they needed to teach the UK 
students and, later, Japanese Junior High School students. 

True collaboration 
between teacher and 
learner, and learner 
and learner. 

The tasks were implemented as contextualised problems. 
If the students required clarification, then it had to be 
sought either from another student or in communication 
with the instructor. 
 
The tasks also required collaboration between students in 
UK and Japan. Tasks could not be effectively solved 
without the sharing and development of known information 
such as circuit design and robot program flow and 
structure. 

Learner involvement in 
the environment of 
learning. 

The students participated in the design of the real-world 
space for the robot maneuvering. As the tasks progressed, 
additional technologies were integrated such as web 
cameras for streaming video of robot movements online, 
overhead lighting, and components for manufacturing 
obstacles. 
 
The students were also involved in the iterative design of 
the virtual 3D space such as buildings, scenery, 
radioactive barrels as obstacles, audio alarms and 
dramatic explosions (cf. Vallance, 2012). 

Spontaneous and 
organic (structured, 
organized, coherent, 
integrated) learning 
experiences. 

Through cooperation in developing tasks and solutions, 
there were multiple opportunities for use of procedural, 
declarative and meta-cognitive knowledge. The structure 
of the learning thoughout was determined by the students 
as they attempted to solve the task problems. However, 
the instructor was also involved in developing the tasks so 
as to ensure that they were organized in increased 
complexity. This was undertaken using the Robot Task 
Complexity formula developed by Vallance et al. (20153). 

Flexible curricula. Once the real and virtual world spaces were adequately 
developed so that the robots could function, the task 



design was an iterative process. Each task required 
students to utilize more challenging components of the 
LEGO Mindstorms program (such as use of sensors 
variables and data operations). Program actions, structure 
and flow, the use of loops and switches, data types and 
structures were all discussed between instructor and 
students at opportune moments. However, the order of 
program learning was determined by the students as they 
attempted to solve each task problem. 

Flexible assessment. The overall assessment of the success, or otherwise, by 
the students of each task was determined quite simply by 
the robot successfully completed the desired goal (such as 
maneuvering a circuit, picking up, and returning radioactive 
barrels). Task Complexity and Task Fidelity were 
calculated for each task. Also, all students indicated the 
challenge level and their skill in meeting the task goal (cf. 
Vallance et al., 20153). The recorded data was then used 
for students to reflect on their strengths and limitations 
after every task, and they additionally recorded their 
reflections as personal notes. No grade score was given to 
the students at the end of the project. 

 
  



Table 2 Feedback from a Japanese student over series of tasks 
 

 
 
  

Task  Japanese/ English translation  

T10/10/14 めんどくさがらない 
(I was) reluctant to do the task. 

T10/17/14 プログラムをもっとコンパクトに作るべきだった 
We should make the (robot) program more compact. 

T10/24/14 複数の解決策を試したかったが，時間が足りなかったのと自分の作業

スピードが遅くてできなかった． 
Although I wanted to try multiple solutions, time ran out. We did not 
work fast enough. 

T10/31/14 センサーを多用しなければならないタスクの方が面白いと思った。 
I thought the intensive sensor tasks were interesting. 

T11/07/14 細かい値を設定することが大変だと思ったときに、すぐにジャイロセ

ンサーを使うべきだった。そのためには作ったプログラムを大幅に変

更しなければならなかったので躊躇した。次回以降はそれをできる判

断力を身につけたい。 
When it is thought possible to set the fine value, you should use the 
gyro sensor immediately. I was hesitant because I had to drastically 
change the program that was originally created. Next time I want to 
learn how to make a judgment so I can do that (use a gyro sensor).  

T11/14/14 ブロックの上に板を引くというクリエイティブなアイデアが思いつい

て、成功もして良かった 
To come up with creative ideas, draw the plate (text box) over the 
(program) block. It was good to be successful 

T11/21/14 物理的な問題に臨機応変に対応できるようになりたい 
I want to be able to respond flexibly to the physical (robot) problems. 

T11/28/14 I wanna be more creative. 

T12/12/14 アイデアがあってもそれが実行できるとは限らないと知った 
Even if there is the idea I know, it is not always able to run. 



Table 32 Enactment of Computational Thinking 
 

Computational Thinking Enactment 

Formulating problems in a 
way that enables us to use 
a computer and other tools 
to help solve them. 

Disaster recovery is an abstract concept for most 
people who have never experienced catastrophe such 
as a tsunami or a nuclear power plant failure. One way 
to visualize and gain secondary experience of a 
disaster is through a virtual simulation. The problems 
can be replicated or hypothesized using virtual 3D 
spaces linked to real-world, physical artifacts thereby 
creating challenging scenarios to be solved. 3D 
technology, physical robots, and programming as the 
computer interface were used for technical 
communication. 

Logically organizing and 
analyzing data. 

Challenge data such as Circuit Task Complexity, 
solution data as Robot Task Complexity, and Task 
Fidelity were used to quantify task challenge and 
students’ skills (cf. Vallance et al, 20153). 

Representing data through 
abstractions 
such as models and 
simulations. 

There was an iterative design of the tasks; in other 
words, the data from a task was used to inform the 
complexity of the next task. The context of the new 
task was determined and then presented as a 
simulated task challenge. 

Automating solutions 
through algorithmic 
thinking (a series of ordered 
steps). 

The graphical interface of the LEGO Mindstorms 
programming software as blocks to be manipulated 
necessitated a logical, ordered approach towards a 
solution. Likewise with the LabView software used 
during the more challenging tasks. 

Identifying, analyzing, and 
implementing 
possible solutions with the 
goal of achieving the most 
efficient and effective 
combination of steps and 
resources. 

The students were not given a programming task but 
were provided with a problem and a context. For 
example, one early task was to locate a radioactive 
barrel in a simulated disaster area, determine an 
effective circuit to maneuver to the barrel and return it 
to a safe area. From this experience students then 
replicated the circuit in the real-world lab, added 
appropriate sensors to the LEGO robot, and 
programmed it to collect an object and return it to a 
specified location. 

Generalizing and 
transferring this problem 
solving process to a wide 
variety of problems. 

The students used their knowledge of program 
sequencing and then applied to a partial LEGO device 
called a BrickPi robot. This is a combination of LEGO, 
the Raspberry Pi computer and a PCB interface (the 
BrickPi). The students maneuvered the robot and 
activated its sensors using the Python programming 
language. The experience of transfer supports 
students in their attempts to manage complexity and 
abstraction. 

Reflecting on learning After each task the students discussed their problem-



experiences through 
feedback. 

solving strategies, the communication successes and 
deficiencies, and their programming skills. Personal 
notes were kept along with goals for the next task. The 
UK teacher utilised the Welsh Bacalaureatte Essential 
Skills assessment to monitor the students’ progress 
and provide formative feedback. 

 
  



 
Figure 1. Heutagogical characteristics. 
 
  



 

 
 
Figure 2. Virtual world robot in 3D space with student avatar. 
 
  



 
Figure 3. Real world LEGO robot and a circuit to navigate. 
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