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Abstract

This article is about facilitating collaborative, creative improvisations in learning with In-
formation and Communication Technologies (ICT) and in so doing enhancing under-utilised
creative possibilities in education and development in schools, universities, workplaces and
in every-day life. Improvisation is defined and earlier research on supporting creative im-
provisations with ICT is outlined. There follows a conceptual framing where improvisation
is seen as a creative outcome of certain cultural ecological interactions in learning environ-
ments. It is proposed that these creative improvisational interactions can be facilitated by ICT,
and developmental ideas are presented. The purpose of the article is to review current practice
and integrate it within an appropriate conceptual framework and thus outline a research and
development agenda for future innovative work in the field.
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Introduction

The aim of this article is to introduce a conceptual and developmental framework
for realising under-utilised potential in learning environments by facilitating creative
improvisations with Information and Communication Technology (ICT). The ideas
advanced in the article are a reinforcement and an extension of the empirical work
presented by Dillon, Wang, Vesisenaho, Valtonen and Havu-Nuutinen (2013). The
problem that the current article addresses is twofold and concerns some limitations
of conventional learning situations: (i) they rarely allow enough opportunity for non-
linear thinking and establishing innovative connections between ideas and practices,
and/or non-traditional ways of working, and (ii) the creative possibilities arising from
non-linear, non-traditional, or integrative approaches typically are poorly developed.

There are many reasons why creativity and improvisation are inhibited in conventional
learning environments. For example, organisational structures and protocols often sup-
press spontaneity in making connections and developing new ideas, and the possibili-
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ties from learning that arise ‘in the moment’ are often lost in the overall experience.

Improvisation is defined and earlier research on supporting creative improvisa-
tions with ICT is outlined. There follows a conceptual framing where improvisation
is seen as a creative outcome of certain cultural ecological interactions in learning
environments. It is proposed that these improvisational interactions can be facilitated
by ICT and developmental ideas are outlined. The purpose of the article is to exten-
sively review current practice and theory, integrate it within an appropriate conceptual
framework, and thus outline a detailed research and development agenda for future
work in the field.

Improvisation

Creative potential, and thus the possibilities for improvisation, varies from situa-
tion to situation. What is needed is some mechanism for selecting for possibilities with
situations that offer good creative potential. Improvisation is one means through which
possibilities might be selected as a basis for developing the under-utilised potential in
learning environments. Improvisation is defined as the ability to make new combina-
tions in a given situation whilst retaining the original goal or purpose (Coker, 1964).
Improvisation involves the coincidence of creative, emergent and collaborative activi-
ties and correlates with bricolage, intuition, adaptation, and innovation (Moorman &
Miner, 1998). Improvisation is thus a means through which new knowledge, ideas,
and concepts may be generated and new associations made between existing ideas or
concepts.

Improvisation is commonly associated with jazz music (King, 1997) and theatre,
although it has been applied in management and business (Crossan & Sorrenti, 1997).
Although individual moments of creativity in a jazz performance are most commonly
associated with improvisation, the collective endeavour drawn from the simultaneous
involvement of all the musicians is equally important. Collaboration is thus an essen-
tial ingredient in learning how to improvise in jazz and it has parallels in the classroom
and the workplace through the processes of both teaching and learning. Students and
teachers, workers and managers, each with their unique ideas, perspectives, and ways
of interpreting situations may be regarded as creative resources in learning environ-
ments. Collaborative activities provide possibilities for them to create new ideas and
knowledge in ways that, for a single person, are challenging or even impossible. (Dil-
lon et al., 2013).

Barrett (1998) has outlined the following characteristics that allow jazz bands to
improvise coherently and manage creative innovation in a coordinated fashion, they:

» encourage deliberate efforts to interrupt habitual patterns;

* embrace errors as sources of learning;

» aim for minimal structures that allow maximum flexibility;

» allow for continual negotiation and dialogue towards dynamic syn-
chronization;
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* develop mechanisms that allow for making sense of situations ret-
rospectively;

* encourage ‘hanging out’, i.e. informal membership of a community
of practice.

These characteristics, along with the implications they have for managing learn-
ing given below, provide a starting point for thinking about mechanisms for ‘filtering’
and supporting improvisations. Implications for managing learning (adapted from Bar-
rett, 1998) are:

* boosting the processing of information before and after actions are
implemented;

» creating incremental disruptions as occasions for stretching out
into unfamiliar territory;

» ensuring that everyone has a chance to ‘solo’ from time to time;

» encouraging support for cumulative learning among participants;

» valuing errors as sources of learning;

» cultivating serious play because too much control inhibits ‘flow’.

Moorman and Milner (1998) have undertaken an extensive cross-tabulation of
definitions of improvisation. They favoured a temporal definition: ‘the convergence
in time of composition and execution’, and argued that different types of memory:
organisational, procedural (skill memory) and declarative (fact memory) moderate
the impact of improvisations in different ways. Of several different types of memory,
Moorman and Miner (1998) recognize two as being particularly important to improvi-
sation: procedural memory enhances the speed and effectiveness of improvisation but
reduces its novelty; declarative memory enhances the effectiveness and novelty of
improvisation but reduces its speed. The relationship between procedural and declara-
tive modes is important in using ICT: tools may support spontaneity but there may be
a skills threshold before it can be fully realised.

Creative Improvisation with Information and Communication Technology

There is a limited amount of research on how to enhance and support improvi-
sational potential in the processes of learning and innovation. We argue that success-
fully addressing this topic necessitates building an approach that takes into account
the interplay between: 1) the overall role of creativity and improvisation in learning;
2) different ways of capturing, consolidating and transferring ideas, including mecha-
nisms for feedback and analytics; and 3) the cumulative building of context namely
localisation, contextualisation, and personalisation (Figure 1). Jointly, these perspec-
tives provide a new way of facilitating the creation of innovations and learning about
the innovation process. Earlier research has addressed each of these dimensions sepa-
rately, but few studies have made attempts at merging them together with the purpose
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of supporting the innovation process.

Creativity, improvisation
- further development of
ideas for innovation

Capturing, filtering, consolidating,
transferring
- using technology for linking ideas / people

Localization, contextualization, personalization
- e.g., characteristics of the context, methods for expressing
ideas on different platforms

Figure 1. The approach, bringing together three perspectives

Improvisation in learning

Attempts to develop ICT specifically for improvisation have been mainly in the
field of music. For example, research has been directed at the relationship between
fixed performance (i.e. following a musical score) and improvisation. Franklin (2001)
developed a computational learning model for jazz based on identifying the best action
for a given state in reinforcing learning and using uncertainty as a means of explor-
ing new possibilities. Whereas the model had an element that allowed it to pursue
improvisations ‘outside the chord changes’, it was limited by the extent to which it
cumulatively built context. Keller, Jones, Thom and Wolin (2006) developed a com-
putational tool to assist in composing solos of a type that could be improvised. The
tool supported the process of improvisation rather than the end composition itself and
allowed exploration within a rule-bound framework. There is also research related to
promoting specific cognitive abilities in musical improvisation in young children, ex-
amining how a system is able to learn and configure itself according to its understand-
ing of the learner’s behaviour (Addessi, 2013; Anagnostopoulou at al., 2012; Cardoso
de Araujo et al., 2012).

In addition to music, the concept of improvisation has been studied in business and
management (Crossan & Sorrenti, 1997; Magni et al., 2013) and in education (Sawyer,
2004). In these settings, improvisation is usually examined in terms of flexibility in
dealing with unexpected events (e.g. Holdhus et al., 2016; Magni & Maruping, 2013),
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whereas our focus is more on the use of improvisation to harness hidden innovative
potential, especially in education. This can be called creative improvisation. The vision
is of pedagogies that stimulate rather than direct improvisation, as has been shown, for
example, in the use of shared lecture notes in an online educational community as a
means of opening up learning through improvisation (Dillon et al., 2013; Vesisenaho
et al., 2011), and in the learning characteristics of the ‘net generation’ (Valtonen et al.,
2010). The second of these studies focused particularly on educational conditions for
creative improvisation, investigating: 1) relationships between how ideas are devel-
oped individually and collaboratively, and 2) how new ideas change understanding and
how they are followed through (Valtonen et al., 2010). These themes offer a starting
point for developing ideas and understandings of creative improvisation.

Montuori (2003) has looked at the relationship between improvisation and crea-
tivity. He sees improvisation as an outcome of ‘the lived experience of complexity’
where the creative potential of ‘performative’ and ‘subjective’ aspects of undertaking
a task can be incorporated into the formalised, ‘scripted’ aspects of the task without
destabilising the task. Moreover, when it comes to applying creativity and improvisa-
tion to create solutions for practical, real-world problems, the concept of innovation
comes into play. The distinction between creativity and innovation is that the process
of innovation is inherently collective, and it entails both ‘creation’ and ‘implementa-
tion’ (Oddane, 2015).

Capturing, consolidating and transferring ideas

The development of technological tools for facilitating the creation, sharing, and
elaboration of ideas is currently a topic of great interest. These themes are being stud-
ied in the context of different fields such as citizen science (e.g. Gould et al., 2014),
creativity and design (Perteneder et al., 2013; Xu et al., 2014), creativity in learning
through digital gaming (Karampiperis et al., 2014), and workplace-based feedback and
assessment using learning analytics (WATCHME, 2014).

The relationship between collaborative work and individual expression is one of
the key elements in facilitating improvisational learning, especially with the aim of
enabling people to build onto and further develop each other’s ideas and initiatives.
The goal is to design mechanisms for capturing and consolidating ‘in the moment’
experiences so that potentially useful improvisations can be identified. A starting point
is the set of characteristics of improvisation defined by Peters (2009):

» drawing out differences in perspectives;

» awareness of relationships between immediate actions and overall
shape and form;

* interconnecting the particular with the general;

» keeping the work ‘open’ and looking for new beginnings;

* moving into new, sometimes challenging, spaces.
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For these purposes, research related to the use and sharing of both tacit and ex-
plicit knowledge is relevant, such as the re-use of knowledge and learning resources
through communities of practice, being open to possibilities missed by one person but
identified by another (e.g. Daele et al., 2006), as well as solutions that allow designers
of innovative products to elaborate ideas and designs that have emerged through ear-
lier work focusing especially on mechanisms for storing, reusing and reworking ideas
(van Rosmalen et al., 2014).

It has been shown that it is important for all actors to co-develop strategies in
teaching and learning situations (Vesisenaho & Dillon, 2013; Vesisenaho et al., 2011).
Co-development might involve blending practices (including between physical and
virtual situations) and community building. Thus, research related to tools that support
distributed, synchronous collaborations, for example, between students ‘in the field’
and students based in a stationary location (Adams et al. 2011; Coughlan et al., 2012),
is also relevant here. Earlier studies have also explored infrastructures for collabora-
tion and networking across systems, countries and disciplines, placing emphasis on
self-organised learning, which is an implied characteristic of improvisation (Klobucar,
2008; Nguyen-Ngoc & Law, 2007). Research has been done on pedagogical frame-
works for exploiting the potential of technologies to foster interaction and collabora-
tion between pupils for the promotion of enquiry/discovery learning and autonomous
learning (Limanauskiene & Stuikys, 2009).

Learning analytics and tools for providing relevant feedback play an important
role in the processes of capturing, consolidating and transferring ideas. Learning ana-
lytics are currently often used to address at-risk students, that is, identifying patterns
of behaviour that indicate a potential problem and then implementing an appropriate
intervention that can be either computer or human-based (Wolff & Zdenek, 2012).
Such approaches seek to combine data from multiple sources, interpret this, determine
key intervention points for the benefit of learners and to use analytics to determine
patterns of behaviour and reward contributors (e.g. Ferguson, 2012; Siemens & Long,
2011). The same kind of approach of analysis, identification, and intervention could be
applied to supporting creative improvisation, which would be a novel and innovative
application of analytics.

Localization, contextualization and personalization of learning

It is evident from earlier research that the cumulative building of context is im-
portant in realising the creative potential of learning through improvisation. The char-
acteristics of the location, situation, and the learners determine the best ways of ap-
proaching the creation, sharing, and further development of ideas. As the contexts
in which improvisational learning processes take place can range from formal edu-
cational institutions (including all levels from pre-school to higher education) to the
workplace and a wide spectrum of informal settings (e.g. museums, science centres,
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clubs, other leisure activities), we cannot assume that identical mechanisms will be
ideal for all of them (Dillon et al., 2013). Thus, contextualization refers to taking the
local environment into account when planning and implementing educational activi-
ties. Contextual learning occurs only when learners connect information to their own,
locally meaningful environments. (Vesisenaho, 2009; Holdhus et al., 2016)

An opportunity to support localisation, contextualisation and personalisation of
learning is through the use of mobile technologies (Stanton & Ophoff, 2013). Mobile
learning involves processes that occur across multiple contexts, using personal inter-
active technologies (Sharples et al., 2007). This often happens individually or col-
laboratively in situated contexts (So et al., 2008). Such approaches offer potential for
exploring and interacting with location-related information. This is also related to the
act of ‘temporal sensing’, allowing flexible ‘time travel’ from the past to the future and
vice versa (Coughlan et al., 2012).

Personalisation may be facilitated through open educational resources, with peda-
gogical designs that allow learners to use open content to work collaboratively and to
structure their own learning pathways in various formal and informal learning settings.
Such approaches prepare the ground for enabling the elaboration of ideas (Conole et
al., 2009; Sutinen & Vesisenaho, 2006; Vesisenaho & Dillon, 2013).

A related question is that of accessibility to different learners: there has been re-
search investigating how mobile technologies impact on the diffusion of a social model
where learning and knowledge are accessible to all, regardless of social and economic
background, age, gender, religion, ethnicity, or disability (Arrigo et al., 2010). Another
matter of interest is how the technologies can be designed to support equitable co-
located and remote learning collaboration (Adams et al., 2010).

Realising Creative Improvisational Potential in Learning Situations

IfICTs are to be effective in supporting creative improvisations they must become
integral parts of the normal, everyday life, i.e. the ‘cultural ecology’ of the environ-
ments in which they will be used. Cultural ecology is taken to mean the dynamics
of people’s interactions with and within their environments (Dillon, 2008; Dillon &
Loi, 2008; Loi & Dillon, 2006; Vesisenaho & Dillon, 2009, 2013). These interactions
embody a continual interplay between an individual’s immediate experiences and how
he/she knows the world. The instant that some individual experiences something, he/
she connects the new experience with what he/she already knows and feels, i.e., the
relational constructs and emotions that define the individual’s personal history. There-
fore, the immediate, ‘in the moment’ experiences and the understanding developed
from prior learning constantly reconstruct each other (Lave & Wenger, 1991; Brown
et al., 1989). In most structured learning situations, for example schools, universities,
museums, workplaces, etc., experiences are managed in favour of particular outcomes,
e.g., through curricula, pedagogies, curatorial strategies, workplace routines. Typical-
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ly, these objective-orientated managerial processes ‘select’ certain ‘in the moment’
experiences and consolidate them in the pursuit of educational or workplace goals.
This represents both a strength of education as a managed process and a weakness.
The weakness is in the loss of creative and imaginative potential of experiences not
pursued (Dillon et al., 2013).

In formal learning environments, such as schools, learning is typically objective-
orientated: learners are expected to build cumulatively on what they already know and
can do. Alternatively, they are taught directly what to do and given limited latitude to
take risks with the learning process or outcome. Either way, learners are unlikely to
perform outside of the articulated or assumed norm, but rather repeat existing patterns
of behaviour, playing out the roles they have already learned or to which they have
been newly instructed (Dillon et al., 2013). By contrast, creative thinking emphasises
the learning process generally and thus supports the ability to discover diverse func-
tional and usable ideas in different situations. Creativity, therefore, can be character-
ized as the ability to uncover or formulate an outcome that is innovative and socially
significant (Sternberg et al., 1999). In the cultural ecology of a learning environment,
creative improvisation is a means by which students individually and collectively draw
on experience, take risks, make connections, move into new learning spaces and, in so
doing, open up new creative possibilities.

Figure 2 is a diagrammatic representation of creative improvisation in a cultural
ecology of learning and how it might be facilitated with technology. The central lines
represent collaborative learning trajectories. The left-hand graphic is typical of trajec-
tories of learning in formal situations: ‘in the moment’ experiences are consolidated
within the relational constructs that define the goals of the learning activity. This is
goal-directed or objective-orientated learning. It is essentially a closed system. How-
ever, although goal-directed learning in a closed system may be important education-
ally, there is much under-utilised potential in the process. The right-hand graphic in
Figure 2 shows a similar collaborative learning trajectory but, in this case, some of
the ‘in the moment’ experiences, facilitated by technology, are allowed to break away
from the main trajectory and open up the system to new possibilities. These break
away experiences are improvisations. Improvisations typically: (i) involve non-linear
and non-standard thinking that challenges received knowledge; (ii) identify new asso-
ciations between and among existing ideas or practices; and (iii) explore and generate
new knowledge, ideas and practices (Dillon et al., 2013).
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Figure 2. Learning trajectories: left hand side objective orientated closed
system; right hand side trajectory open to the possibilities of improvisation
(adapted from Dillon, 2012)

Sternberg and Lubart (1999) emphasise the significance of an environment that is
supportive of and rewards creative ideas and how they are represented. For new possi-
bilities to emerge from improvisation it is necessary for teachers and learners to reflect
on how learning is being opened up. This takes place through reflection on improvisa-
tions, in which educators and learners regulate the learning process, i.e. consolidate
the connections and ideas and open up further possibilities. Davies et al. (2013) con-
clude the social aspect of the environment needs to involve the opportunities to work
collaboratively with peers including through peer and self-assessment. The ability to
reflect on practice is the basis for learning (Clark, 2009); reflection enables new situa-
tions to be tackled effectively (Gibbs, 1988). Reflection is a meaning-making process
that moves a learner from one experience into the next with a deeper understanding of
its relationships with and connections to other experiences and ideas (Rogers, 2002).
Without reflection an experience may quickly be forgotten or its learning potential lost
(Gibbs, 1988).

Opening up Learning through Creative Improvisation with Technology

For questioning and challenging existing ideas and practically applying know-
ledge in new and innovative combinations, opening up learning through creative im-
provisation is needed. This means applying practices that encourage arriving at out-
comes that go beyond meeting the objectives of a given task, or allowing objectives
to be met in unconventional ways. The intellectual value in thinking about tasks and
problems in multiple ways soon becomes apparent: new ways of doing things often
offer more logistically effective solutions, and thus new processes or products may be
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created. The use of technology in supporting creative improvisation in the learning
process also has added value in today’s educational systems, which are under constant
pressure to demonstrate how to cope with the demands of tomorrow’s society. An
information/knowledge society needs people who are capable of demonstrating new
skills, and there is an obvious need to continually update teaching technology and
methods to keep pace with changes in society. An essential aspect of this approach is to
support the creative process through a variety of technologies. At the moment, several
different solutions collected under the umbrella term of social media provide possibili-
ties for learning and creativity.

Different applications of technology could support creative improvisation in
learning through ICT tools and mobile and networking related technologies. Each of
these elements has the potential to open opportunities for learning via improvisation.
The ICT could capture learning via creative improvisation and make the processes
transparent, by, e.g.:

* opening up new beginnings and new possibilities;

» drawing out differences from within similar processes;

» developing relationships between immediate actions and overall
purpose;

e capturing interconnections between ideas;

» facilitating interconnections between specific detail in a learning
task and more general and related ideas;

» comparing and contrasting possibilities;

» developing relationships between planned learning spaces/objec-
tive-orientated activities and unplanned learning spaces/emergent activities.

Ideally, these tools should work with specifically designed pedagogies and sup-
port materials.

Mobile technologies could allow ICT tools to be used in a variety of places and
educational settings: formal, informal, non-formal, workplace. For example, creative
improvisation in learning in museums or during fieldwork could be facilitated through
the immediate connections with external content and lateral ideas made possible
through access to mobile tools.

Technologies for networking potentially offer powerful support for social interac-
tion, including tools such as forum, chat, wiki, tagging, blog, etc., which, in conjunc-
tion with specific tools to facilitate improvisation, could allow learning communities
to be formed and reformed around the creative improvisations. Fluidity is seen to be
an important aspect of improvisational learning communities, which can be distin-
guished from conventional communities of practice that are objective-orientated.

An integrated computer-enhanced learning structure to support creative improvi-
sation would bring together all of the above. It could take the form of a robust plat-
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form for building the tools and delivering them via the Web or mobile interfaces with
pre-built functionalities that recognise a device and deliver content or tools adapted
for that device. The platform could incorporate a large selection of social media tools
with potential in developing pedagogical opportunities and providing support, ideas,
and examples. The platform would need to be flexible and open-ended, allowing it to
be tailored to different needs. The strength of such a platform would be that all sys-
tems and resources would be available to the learner from a single, personalised, user
interface.

The first stage in developing such a platform would be to design mechanisms for
filtering ‘in the moment’ experiences so that potentially useful creative improvisations
can be identified. A starting point is the set of characteristics of improvisation defined
by Peters (2009): drawing out differences in perspectives; awareness of relationships
between immediate actions and overall shape and form; interconnecting the particular
with the general; keeping the work ‘open’ and looking for new beginnings; and mov-
ing into new, sometimes challenging, spaces. These characteristics could be used in
conjunction with a ‘learning analytics’ approach to identify patterns of behaviour and
then implement an appropriate computer or human-based intervention.

For creative improvisations that are identified and selected, it will be necessary to
design mechanisms for using them to facilitate learning, based on relevant educational
literature and existing knowledge about conditions that support improvisation. These
mechanisms could be based specifically on ways in which learners and teachers reflect
on experience and give attention to the detail of what is happening ‘in the moment’.
Special attention should be given to connecting ideas and concepts, non-linear think-
ing, and the relationships between declarative and procedural modes of working.

A Research and Development Agenda

In order for new technological resources to change the dynamics of the cultural
ecology of learning, they need to be reinforced through, for example, pedagogy and
teacher-student relationships. Our earlier research has shown the importance of the
involvement of teachers and students in the co-development of teaching and learning
strategies. (Vesisenaho & Dillon, 2013) Student understanding of learning is crucial,
and learning as a concept should be seen as a process of creative improvisation. How-
ever, the students do not always make the connections (Dillon et al, 2013). Co-devel-
opment typically involves blending practices (including between physical and virtual
situations) and community building. The vision is of pedagogy that stimulates rather
than directs or focuses improvisation. Initial familiarisation and experimentation that
is free of association with formalised structures may open up possibilities not just for
creative improvisations but also for learning across the boundaries of institutions (e.g.
school, college, home, the workplace, etc.) and physical and virtual situations.

Developing a technological infrastructure that supports these characteristics of
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creative improvisation is challenging. There needs to be sufficient structure to realise
goals, but there also has to be some flexibility, or more precisely adaptability, to sup-
port people in breaking out of routines and established ways of doing things (Dillon
et al., 2013). In the jazz analogy, the song provides the essential form and structure
and organizes what the musicians play. Improvisations happen as the musicians try out
harmonies and slip in and out of the melody (King, 1997). So, whereas learning needs
a ‘song’, a structure, it also must provide the opportunity of stepping in and out of it
and of re-originating information, ideas, etc. Montuori (2003) calls this ‘a dance of
constraints and possibilities’. The technology developed needs to provide better tools
for capturing and concretising creative improvisation in ways that are easy to process
and redefine for use in new creative and innovative situations. Special emphasis is
placed on ways that these tools support creative improvisation as a collaborative activ-
ity wherever needed.

We suggest design-based research (figure 3) as an appropriate framework for de-
veloping, testing, and refining ICT and support materials. Design-based research fo-
cuses on theory-driven design to generate complex interventions that also contribute to
theory building and can be improved through empirical study (Design-Based Research
Collective, 2003; Sandoval & Bell, 2004; Wang & Hannafin, 2005). Design-based re-
search is situated in authentic learning contexts (Barab, 2006; Barab & Squire, 2004;
Brown, 1992; Collins et al., 2004) where advances in theory and practice are generated
through progressive improvement in skills and knowledge arising from attention to
the detail of change in the research situation. Multiple overlapping and parallel forms
of data, both quantitative and qualitative, including a unique interplay of data analyt-
ics and neuroscience research methods, are collected, increasing the reliability of the
study and enabling emerging issues to be clarified (Barab, 2006). Analyses may lead
to change in activity during the design process (Roth, 2005) allowing data collection to
follow paths of non-linear thinking, non-traditional modes of operation, and emergent
dimensions. This is both compatible with the cultural ecological frame and central to
the characteristics of creative improvisation.
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THE CULTURAL ECOLOGICAL FRAME

Figure 3. A design cycle within a cultural ecological framework

The research and development framework and agenda set out above would ad-
dress a number of important questions concerning creative improvisation in learning.
In the following, we outline some key questions and discuss how they can be ap-
proached (extended and refined from Dillon et al., 2013):

1. What are the generalisable characteristics of creative improvisation
and how are they related to ‘in the moment’ experiences?

We have defined these characteristics in the article, but more research is in pro-
gress. One area of interest is the extent to which technological tools create ‘learning
moments’ or ‘teachable moments’ (Watson et al., 2011) that open up new opportunities
and enhance the learners’ motivation to explore new directions.
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2. What are the relationships between generalized characteristics of
creative improvisation, ‘in-the-moment’ experiences, and realising under-
utilised possibilities in learning situations?

Vesisenaho and Dillon (2013) analysed lived experiences and abstractions in ap-
plying ICT in education with teacher students using the cultural ecology model. The
study offered viewpoints about utilized and under-utilized potential emerging from
lived experiences, but additional research cycles are needed to refine the model.

One approach to realising under-utilised possibilities in learning situations is that
of identifying hidden capabilities and skills in different learners. Some promising ex-
periences have been obtained from applying non-traditional teaching approaches such
as game-based pedagogies to allow learners to express themselves in a broader range
of ways (Nousiainen et al., 2015). This matter is worth further exploration also from
the point of view of creative improvisation; when we design technological tools to fa-
cilitate improvisation, we should ensure that these tools are able to bring out individual
learners’ capabilities and allow them to use their full potential as creative learners.

3. How can knowledge about creative improvisation in learning be
incorporated into the design of ICT tools?

The developmental work needs a robust platform for building / linking tools and
delivering them via the ubiquitous / web or mobile interfaces with pre-built function-
alities that recognize a device and deliver content or tools adapted for that device. The
platform also needs to incorporate a large selection of social media tools that can be
utilised in developing pedagogical and workplace opportunities and providing support,
ideas, and examples.

The development of networked mobile technologies could follow the ideas of
the agile software development method. Agile software development mainly targets
complex systems and projects with dynamic, non-deterministic and non-linear char-
acteristics. These basic arguments and previous industrial experiences, learned from
years of successes and failures, have helped shape agile software’s adaptive, iterative
and evolutionary development (Larman, 2004). The approach fits well with the nature
of creative improvisation because, applied to learning, final outcomes are not entirely
predictable and the tool development is deeply dependent on pilot analysis and feed-
back from the end users.

4. What is the added value of creative improvisation in education in
terms of new knowledge, ideas and concepts, and new associations between
existing ideas or concepts?

The research of Havu-Nuutinen and Tahvanainen (2013), and Havu-Nuutinen et
al. (2014) focuses on creativity, but creative improvisation and knowledge construc-
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tion processes have similar features. When considering the role of creativity and ICT
in early years’ education, both creative learning processes and inquiry-based learning
have similar foundations. Creative improvisation has high value in effective knowl-
edge construction processes and supports the individual learning process.

When considering teachers’ attitudes, competencies, and readiness to adopt mo-
bile learning approaches, Rikala, Hiltunen and Vesisenaho (2014) identified teacher’s
pedagogical and technological beliefs and willingness to change as important factors.
Lack of confidence reduced willingness to adopt mobile learning approaches. Similar
results have been found in the context of game-based learning, but it was found that
perceived educational ICT self-efficacy only predicted whether a teacher actually used
game-based approaches, not whether he or she considered them valuable in general
(Hamari & Nousiainen, 2015).

5. How might unplanned incidents, so-called ‘intuitive reactions’ be
accommodated within a structured and deliberated learning framework?

The cultural ecology model/framework developed by Vesisenaho and Dillon
(2013) offers a relevant basis for further research, but the data they had was limited.
According to Erickson (2011), in order for creative improvisations to work in class-
room settings, the teacher and the students need to share the same understanding of
the pre-existing structures guiding the improvisation. This will allow ‘teachable mo-
ments’ - that is, unexpected events that reveal an opportunity for learning - to be built
and expanded upon in a meaningful way (c.f. Watson et al., 2011).

From our perspective, one especially interesting question pertains to the relation-
ship between situational, ad hoc improvisation (Holdhus et al., 2016; Magni & Marup-
ing, 2013) and more structured forms of creative improvisation (e.g. Dillon et al.,
2013), and whether and how these could be supported with technological tools. In or-
ganizational contexts, Cunha, Neves, Clegg, and Rego (2015) refer to ad hoc improvi-
sations as episodic; they respond to a certain unexpected event or episode, vanishing
after the act. On the other hand, semi-structured improvisations are more formal and
framed, closely related to an organisation’s strategy related to responding to spontane-
ous departures and unexpected opportunities. When looking at the interplay between
these different forms of improvisation, technological tools could play a role when we
aim to understand “how isolated micro-responses may eventually give rise to organisa-
tional, macro-learning, improvisatory capabilities” and to facilitate this transformation
(Cunha et al., 2015, p. 12).

6. How can it be ensured that creative improvisation in learning, al-
though free and extemporaneous, has a kind of logic and context that links
with established elements of teaching and learning and makes them cohe-
rent?
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Future skills are not just subject-based, they include, for example, competences
such as flexibility, adaptability, initiative, and self-direction (Partnership for 21st Cen-
tury Learning, 2015); phenomenon-based new curricula (Lonka, 2015; cf. Kearney,
2014); and learning processes blending formal and informal elements (e.g. Vesisenaho
& Dillon, 2013; Vesisenaho et al., 2010). For example, Voogt and Pareja Roblin (2012)
have made an extensive summary of research on future learning and 21st century skills.

The distinction between creativity and innovation is that the process of innova-
tion is inherently collective, and it entails both ‘creation’ and ‘implementation’ (Od-
dane, 2015). Innovations are a final output of creative improvisation. There are several
questions to be addressed related to the theme: What kind of environment is needed
to move from creative improvisation to innovation? What is the role of data gather-
ing and connection tools (i.e., technology) in boosting the processes and making them
coherent?

Learning analytics and tools for providing relevant feedback play an important
role in the processes of capturing, consolidating and transferring ideas. Such approach-
es seek to combine data from multiple sources, interpret this and determine key inter-
vention points for the benefit of learners and to use analytics to determine patterns of
behaviour and link them in meaningful ways (see Ferguson, 2012; Siemens & Long,
2011).

7. How can (i) creative improvisation facilitated through ICT tools and
(ii) networked mobile technology tools in support of creative improvisation
be adapted to local contents and services to ensure localisation / contextual
sensitivity in education and business?

Havu-Nuutinen et al. (2014) studied local environments in early years’ science.
The pupils took photos with iPads and had opportunities to use them creatively. The
technology provided a new perspective for learning and increased creative improvisa-
tion among the children’s learning process. Earlier studies have also explored infra-
structures for collaboration and networking across systems, countries and disciplines,
placing emphasis on self-organised learning, which is an implied characteristic of cre-
ative improvisation (e.g. Klobucar, 2008; Nguyen-Ngoc & Law, 2007).

It is possible to take into account the personal learning paths and contextualize and
sustain them for local contexts. Mobile technologies that allow individual or collabo-
rative processes to occur across many contexts provide opportunities for supporting
localisation, contextualisation and personalisation of learning, for example, by making
it possible to explore and interact with location-related information (c.f. Sharples et
al., 2007; So et al., 2008; Stanton & Ophoff, 2013). Another matter of interest is how
the technologies can be designed to support equitable co-located and remote learning
collaboration (Adams et al., 2010).

Personalisation may also be facilitated through open educational resources, with
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pedagogical designs that allow learners to use open content to work collaboratively
and to structure their own learning pathways in various formal and informal learning
settings. Such approaches prepare the ground for enabling the elaboration of ideas. (cf.
e.g. Conole et al., 2009; Green et al., 2005; Sutinen & Vesisenaho, 2006; Vesisenaho
& Dillon, 2013).

Creatively improvised, collaboratively elaborated, learning processes are a chal-
lenge, but they offer great opportunities for unexpected new openings.
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