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Abstract. The teaching of information technology and education needs to keep
up to date to remain relevant. With technology changing rapidly this is no easy
task. It is even more important that research into this area be sustainable and to
keep up to date. The use of, or teaching about, computers in education involves
both humans — teachers, students and parents, and non-humans — technology.
Research into computers and education is socio-technical as it has to deal with
both human and non-human actors, and so actor-network theory (ANT) can
provide a useful research approach. This paper outlines actor-network theory
and Innovation Translation (informed by ANT) and provides some examples of
research using ANT as a lens for analysis.
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1 Research in IT Education

For teaching about, or use of information technology in education to remain relevant
and sustainable, research must keep up to date as new technologies appear, old one
disappear or are substantially changed, new approaches to making use of IT in
education emerge, and students’ experience IT differently.

Research can be regarded as “the systematic investigation and study of materials
and sources to establish facts and reach new conclusions” [1]. Research in education,
however, is not just the province of academics in Faculties of Education (although
they are the ones who formalise it in academic papers!). Teachers need to research
new technology: how it works and how it could be used in their classrooms. Students
need to research their school work, Parents need to research which school to send
their children, and education authorities need to research new technologies and
teaching approaches. This paper is thus about much more than just academic research
into computer education.

2 Computers and Education

Education is about people: students, teachers and parents. Computers are about
technology. Research into the use of information technology in education is



83

concerned with the ways people use, and learn about computer-based systems to make
education better. It also has to deal with issues involving people and things: with both
human and non-human entities [2]. Such research is thus truly socio-technical in
nature. Researchers in this area need to deal with problems of how to handle
complexities due to a multitude of interactions between people and computers [3]. It
thus involves neither social nor technical determinism.

3 Actor-Network Theory

Social Determinism suggests that social interactions and constructs alone determine
individual behaviour. On the other hand Technological Determinism assumes that a
society's technology determines the development of its social structure and cultural
values [4]. Clearly, as a study of the use of computers and education has elements that
depend on people and others that depend on the technology, a simplistic view that it
could be classed as either Social Determinism or Technological Determinism
therefore cannot be valid.

Actor-Network Theory (ANT), or the ‘sociology of translations’ [5-7] is concerned
with studying the mechanics of power that occurs through construction and
maintenance of networks made up of both human and non-human actors. It was
originally developed in the late 1980s by: Bruno Latour and Michael Callon (Ecole
Nationale Supérieure des Mines de Paris) and John Law (Lancaster University, UK).

In ANT an actor is seen as any human or non-human entity that is able to make its
presence individually felt [8] by the other actors [9]. ANT deals with the social-
technical divide by denying that purely technical or purely social relations are
possible as nothing is purely social and nothing is purely technical [10].

Actor-network theory declares that the world is full of hybrid entities [11]
containing both human and non-human elements. It was developed to analyse
situations where separation of these elements is difficult [12]. You could ask, for
example, which part of a software app is just an inanimate object and which is the
result of human interactions. To differentiate a computer program’s technical aspects
from the influence exerted by the socio-cultural background of the software
development team is quite difficult [13-15]. What part of a school class on geography
that makes use of Google Maps is driven by the technology and which is due to the
inclinations and approach of the teacher?

To address the need to treat both human and non-human actors fairly and in the
same way, ANT is based upon three principles:

e Agnosticism — analytical impartiality towards all actors involved in the
project, whether they are human or non-human.

e Generalised symmetry — explains conflicting viewpoints of different actors
the same way for human and non-human actors.

e Free association — requires the abandonment of all a-priori distinctions
between the technological and social [6, 16].
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In summary, ANT requires all human and non-human actors to be acknowledged
and their interactions to be treated in the same way. It is their interactions that matter.

4 Researching the Use of Computers and Education

Several examples of the use of actor-network theory in educational research in which
I have been involved are now described. ANT is not a research methodology as such
and can best be described as a lens through which to analyse data, usually collected
through the use of case studies, action research, and other qualitative methods.

4.1  Factors Determining the Balance between Online and Face-to-Face
Teaching: an Analysis using Actor-Network Theory

Papers published by Wong and Tatnall [17, 18], based on Wong’s PhD research,
involved an investigation of approaches to teaching a first-year accounting subject at
Victoria University. Wong had recently introduced some online teaching using
Blackboard (previously known as WebCT) into her classes and wanted to understand
how its use compared with that of face-to-face teaching: which the students preferred,
and which was most educationally effective.
In this case a simple investigation quickly showed that a large number of different
entities had an effect on determining how much online and how much face-to-face
teaching to include in this subject, and that not all were human as the technology itself
has an important determining effect [19]. This suggested an investigation through the
lens of actor-network theory.
The first step in an actor-network analysis is to identify the actors involved. In this
case these were:
e Human Actors: Bachelor of Business Course Coordinator; BAO-1101 Subject
Coordinator, Lecturers, Tutors and (Contract) Tutors; other lecturers; Faculty
Dean; Head of the School of Accounting, Students

e Non-Human: University Administration, Policy and Infrastructure; IT
Services; Computers; computer laboratories; other e-learning technologies
(including remote access) and the Blackboard e-learning environment itself.

Each of these human and non-human actors potentially influenced the balance
between an online and a face-to-face approach.

One of the issues brought out by the ANT investigation was the effect that force of
personality and presence has in a teaching and learning environment and how this
contrasts with the effect of the technology. Many students believed that as well as use
of the technology, the personal interactions of face-to-face added value to their
learning experience [20].

5 Technological Innovation and Education

Much of the research in the use of information technology in education relates to how
or whether new technologies are adopted. This can be described as research into
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technological innovation in education. While invention can be seen as discovery or
creation of new ideas, innovation involves putting these ideas into practice [21].

There are several approaches to researching technological innovation the most
commonly used being: Diffusion of Innovations (Rogers [22]), TAM: Technology
Acceptance Model (Davis et al. [23]) and UTAUT: Unified Theory of Acceptance
and Use of Technology (Venkatesh et al. [24]). In this paper, however, | will make
use of another approach: Innovation Translation from Actor-Network Theory.

When an organisation (or individual) is considering use of a technological
innovation they do not always want to adopt it in its entirety but are interested in only
some aspects and not others. Innovation Translation [6], informed by actor-network
theory, provides a useful means for investigating adoption or non-adoption of new
technology. In ANT terms this technology needs to be translated [6] into a form that
is more appropriate for the potential adopter so that the innovation finally adopted is
often not in its original form, but a translation into a form that is suitable for their use
[25].

Callon [6] outlines four aspects or ‘“moments’ in the process of translation:

1. Problematisation — key actors attempt to define the nature of the problem
and the roles of other actors so that they are seen as having the answer.

2. Interessement — processes that attempt to interest and impose the identities
and roles defined in the problematisation on the other actors.

3. Enrolment — if the interessement is successful through a process of coercion,
seduction or consent [26] adoption of this innovation will follow.

4. Mobilisation occurs as the proposed solution gains wider acceptance with
some working to promote the technology to others.

5.1  Adoption of Visual Basic in a University Curriculum

This section looks at an example of using Actor-Network Theory to understand the
process of information systems curriculum innovation.

The discipline of Information Systems (IS) involves investigation of how
businesses, and other organisational entities, can make the best use of ICT to further
their business aims [9]. | will argue that changes in IS curriculum can best be thought
of as innovations and considered using innovation theory.

This section provides an actor-network account of how Visual Basic (VB) entered
the information systems curriculum at Bourke University of Technology in
Melbourne in the 1990s [27]. Even though this innovation adoption and curriculum
change took place twenty years ago, similar processes, interactions and associations to
those here described are likely to be found in any current curriculum innovation.

This story begins in the early 1990s at a time when two Colleges of Advanced
Education: Wills Institute of Technology and Bourke Institute of Technology were
merging to form Bourke University of Technology® [27-29]. It will be considered in
four parts.

®  All human and institutional names in this article are pseudonyms to preserve a degree of

anonymity.
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First attempts to use Visual Basic

Not long after he began teaching at Wills Institute, Fred discovered Visual Basic for
MS-DOS when undertaking an outside programming job. He liked the way that VB
allowed a programmer to produce a prototype solution very quickly, with less bother
than in other languages.

At Wills Institute, Fred had just started teaching an introductory IS subject that
required use of a screen prototyping tool. Unfortunately Wills had no prototyping
tools that could be used in the MS-DOS student labs and so this topic could not really
be handled practically. Fred wondered if some screen design aspects of VB could do
the job. He did this by selecting some features of VB while ignoring others. He could
only use VB in this way by translating [6] it from a ‘programming language and
visual programming environment’ into a ‘screen prototyping tool’. The following year
after the student labs had been equipped with new Windows PCs Fred decided to give
VB a try in an Operating Systems Programming subject. This involved another
translation of VB to become a ‘language to teach Windows operating systems
programming’. None of this would have been possible if not for the formation of a
VB actor-network consisting of Fred, the introductory IS subject, the operating
systems programming subject, Visual Basic, the student labs and the students. VB had
now become firmly enrolled at Wills.

Programming languages already in place at Bourke Institute

At this time Bourke Institute of Technology used three programming languages in its
teaching: Pick/BASIC, an assembly language system called Alice, and to a lesser
extent COBOL (- not relevant to this discussion). This part of the story begins with
seven actors: Bourke Institute of Technology, Pick/BASIC, Alice, COBOL, the IS
curriculum and two humans: Stephen and James.

Starting our as a “Working Man’s College’, Bourke’s mission had always been to
provide an applied tertiary education, and to achieve this it made every effort to
ensure that its curriculum was based on ‘real’ (meaning industry standard)
approaches, applications and technologies.

At the time Pick which is a specialised database-oriented operating system that
makes use of a programming language called Pick/BASIC [30-32] was very much
industry standard and ‘real’ for some applications. Stephen then began assembling a
network to assist Pick’s entry into the IS curriculum. Pick could not have entered the
IS curriculum unaided and needed to expand its network by addition of a local ally
who was in a position to assist. This was Stephen, who decided to introduce
Pick/BASIC to his students and quickly produced a powerful interessement to
convince his colleagues. He describes how his students quickly adapted to
Pick/BASIC, and were able to gain a very rapid understanding of the business
problems he wanted them to consider.

In the late-1980s James, another Bourke lecturer was developing an introductory
subject in computer architecture and operating systems. He decided to build a
software simulator: ‘Alice’ to teach assembly language, so that with this ‘virtual
machine’ students would be better able to understand what went on inside a computer.
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In terms of innovation translation, Stephen and James had thus each successfully
problematised [6] a need for students to understand and use their respective
approaches to programming.

Entry of Visual Basic and the fate of the existing languages

After the merger of Wills Institute and Bourke Institute it was necessary that the new
enlarged Bourke University of Technology to have the appearance of a single
university and so it was necessary to quickly merge the curricula for each degree at
each campus. Negotiations about the new course continued over almost two-years
until the final version was accredited.

While this was happening Visual Basic made its appearance in a new elective
subject called Graphic User Interface (GUI) and Event-Driven Programming, giving
it a toe-hold in the curriculum. When the new curriculum was finalised, it was agreed
that the first and second programming subjects were to be taught using Pick/BASIC.
The Alice virtual machine did not find a place in the new degree as knowledge of the
inner workings of a computer had become largely irrelevant to IS students. This
meant that the curriculum now contained Pick/BASIC and Visual Basic, but not
Alice.

How VB remained in the curriculum

Debate on programming languages did not stop then however due to the entry of a
new actor: Object-Oriented Programming. This might have destabilised or posed a
threat to the existing networks [26]. If it had been unprepared to face this threat
Visual Basic would probably have been displaced from at least one IS subject, but VB
had always made use of objects in designing screens, and its whole programming
approach was object-based. Also at about this time a new object-oriented version of
VB became available. Visual Basic thus remained in the Bourke IS curriculum for
some years.

5.2  Failure of the Victorian Education Ultranet

The Ultranet was a form of extranet released for use in Government Schools by the
Victorian Education Department in 2010 as “a student centred electronic learning
environment that supports high quality learning and teaching, connects students,
teachers and parents and enables efficient knowledge transfer.” [33]. It was intended
to support delivery of curriculum, online teaching and sharing of knowledge across all
Victorian Government Schools. Although it seemed like a good idea at the time with
lots of possibilities to do worthwhile things, by late 2012 it was not being used to any
great extent in most schools and was abandoned by the Government in June 2013
[34]. This is the story of the life and death of the Ultranet viewed through an ANT
lens.

An important Ultranet goal was to improve communication between schools,
teachers and parents. The Ultranet was based on use of what it called Spaces (mini
websites) using icons to identify each space and provide Applications for use in that
space. Each Space was classified by its accessibility to different users (students,
teachers, parents and the public) into one of the following categories:
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e Me Spaces (private, and accessible only to the owner),
e  We Spaces (shared with permission) and
e See Spaces (open, public access).

Any investigation of adoption of the Ultranet must consider its technical and its
human components. It necessarily involves a socio-technical research approach and
methods and so an investigation using ANT and Innovation Translation is
appropriate. An innovation is of no value unless adopted, and it will only be adopted
if adapted to fill a need — unless it is translated.

Problematisation

Research suggests that the intention, or problematisation, by the State Government for
the Ultranet was to create a system to offer access to learning materials and to inform
parents of their child’s progress. Its problematisation was as “a student-centred
electronic learning environment that supports high quality learning and teaching,
connects students, teachers and parents and enables efficient knowledge transfer.”
[33]. This generally seemed like a good idea, but some teachers saw this as
unnecessary as they were already using other learning management systems such as
Blackboard or Moodle. Others saw connecting in this way with parents as a threat.

Interessement

The next step was to convince teachers and parents about the value of using the
Ultranet. This got off to a bad start when the Ultranet was launched at a ‘student-free
day’ of professional development for all teachers in August 2010. Unfortunately this
day turned into a disaster when the Ultranet crashed at 9am. When it was running
later, many teachers experienced problems and reported it as running extremely
slowly [35-37].

As an attempt to convince teachers of the Ultranet’s value, each Education
Department region appointed ‘Ultranet Coaches’ to visit local schools and promote
Ultranet use, and each school was asked to appoint an Ultranet Champion known as a
‘Lead User’. Many teachers, however, quickly became disenchanted with the Ultranet
compared with other tools that were more easily adaptable. “My experiences of the
Ultranet so far have given me the impression that it is restricted and basic. While |
can definitely see the value in what they are trying to achieve, it saddens me that so
much funding and resources are being pumped into a clunky system in its infancy.”
[38]

The State Government and Education Departments’ attempts at interessement had
clearly been unsuccessful.

Enrolment and Mobilisation

If all had been well, enrolment would have followed, but given the failure of
interessement very few schools did became enrolled and an even smaller number
became mobilised and attempted to convince others. The Ultranet was abandoned by
the Government in June 2013.
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5.3  The Internet of Things and how it may relate to education

The Internet of Things (IoT) involves connections of physical Things to the Internet
and so is about inter-relationships between Things, or Non-Humans actors. The Non-
Human actors, of course, cannot (yet) act alone and so we must also consider their
interactions with Human Actors. In this socio-technical situation the use of Actor-
Network Theory to frame the discussion is most appropriate [39, 40].

Use of the loT brings up the concept of machine (or Thing) independence.
Independence can be defined as: “Free from outside control; not subject to another’s
authority” and “Capable of acting or thinking for oneself” [41]. Another definition
adds: “Not subject to control by others” [42]. Over the next few years the Things,
with the assistance of advances in artificial intelligence, will begin to develop
identities and virtual personalities. In the past non-human actors have only been there
to serve and to interact with humans but with the 10T will this still the case? We can
question where this leaves humans, will the things take over? Speaking of artificial
intelligence in a BBC broadcast in 2014 [43] Stephen Hawking suggested that: “The
development of full artificial intelligence could spell the end of the human race” and
“It would take off on its own, and re-design itself at an ever increasing rate. Humans,
who are limited by slow biological evolution, couldn't compete, and would be
superseded.” [43]

There are many possible uses of the IoT and these are likely to increase over the
next few years. One important use is that of RFID in healthcare. Hospitals need to
keep track of equipment such as trolleys, surgical equipment, wheelchairs, infusion
pumps and defibrillators and RFID can assist with this [44]. Driverless smart trains,
driverless trucks and driverless cars, making use of the IoT, are also in use today.
With the IoT, control of appliances such as heaters, air conditioners, washing
machines, dishwashers, refrigerators, ovens and home alarms can be done from a
distance by the human owner with the aid of a smart phone.

Although not fully explored as yet education is not exempt from the impact of the
IoT. This is a developing area and much more research needs to be done in its
development. Some possibilities, though, are clear. In school management, RFID
readers could be installed at the school gate, the library, and other places to identify
the movements of students who carry an electronic tag. A noise sensor could be used
to inform a neighbouring classroom that their noise has exceeded a certain level. 10T
can potentially play a role in monitoring student emotional states and classroom
environments, especially in relation to students with special needs [45]. Another
possible use of the 10T in education is in science laboratories where it could be used
as a tool for conducting experiments without the presence of the actual equipment
[46].

As well as making use of the 10T in education though, an important consideration
is curriculum development and what should be taught to students at all levels about
the loT [47].

It must be stressed that there is much more to be considered and researched in
relation to the loT and education. The possibilities are both very attractive and
potentially rather frightening.
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The Internet of Things and other possibilities

Not all 10T devices are serious in their application though and Amanda Davis [48]
describes a video camera system that streams to your mobile phone to let you keep an
eye on your cat while you are away. You can also talk to it through a two-way audio
system and activate a moving laser pointer for your cat to chase to keep it amused
until you come home.
In an article called: ‘Do objects dream of an internet of things’, Teodor Mitew [49]
describes Brad the Toaster:
“Brad is a toaster connected to the internet, and to other toasters like him. He
often exchanges information with his fellow toasters, with whom he tweets
about the usage habits of their human hosts. He and his fellow toasters are not
owned as other, simpler, toasters before them used to be. They are hosted by
humans who have promised to use them. He loves being used, and is sensitive
to learning that other toasters are used more often than him. When feeling
underappreciated, Brad will draw attention to himself by playing pranks,
throwing tantrums, and expressing his sadness loudly on Twitter. Eventually,
Brad will become disillusioned and demand a move to another, more caring
host. He will depart, leaving the smell of burned toast behind him.” [49 :4]

6 Conclusion

Research into computers in education is very important, but must be sustainable and
kept up to date as new technologies and new approaches to teaching appear and
changes in society result. This research must be socio-technical as it needs to
investigate actions and interactions between teachers, students, parents, education
authorities and the technology itself: to actions and interactions between humans and
non-humans. In this paper | have argued that using the lens of actor-network theory
and innovation translation can provide a useful research approach.
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