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Abstract

This research investigated the perceptions held by Key Stage 2 (KS2) pupils, across two Northern
Ireland (NI) primary schools, towards the use of the BBC Micro:bit that has been recently dispatched
to United Kingdom (UK) primary schools. The study involved the researchers creating and
implementing a teaching resource that included a range of different activities for the pupils to
complete using the BBC Micro:bit. Upon completion of these activities, feedback was sought and
obtained from the pupils via a questionnaire. The study is important as it is one of only a few pieces
of research surrounding the BBC Micro:bit and to the authors’ knowledge, it is the only research to
date conducted in NI that focusses on pupils’ perceptions involving the use of BBC Micro:bit.

What was most apparent in this study was the very positive response of the pupils towards using the
BBC Micro:bit. Nearly all of the pupils who took part in this study responded that they found using
the BBC Micro:bit easy, enjoyable and useful in relation to both programming and problem solving. A
minority of the pupils also commented on how the BBC Micro:bit provided an opportunity to work
as a team in order to overcome problems during the programming stage, promoting the important
skills of team work and problem solving. Nearly all pupils expressed a keen interest in programming
and indicated that they learnt a lot in such a short time. Furthermore, pupils expressed great
enthusiasm towards using the BBC Micro:bit and expressed a desire to use it more often, both inside
and outside of the school.

Based on these key findings and taking account of the strengths and limitations of this research,
ideas for further research are presented alongside advice for teachers who may be considering the
use of the BBC Micro:bit within their own lessons.

Introduction
Teaching computer science should no longer be viewed as teaching a trade or providing
training for coders. In many ways, it’s becoming similar to needing to learn your native
language in school. Teachers push pupils to analyse and construct poems, write short stories,
or read theatre plays. They don’t do this with the primary goal of creating the next generation
of writers or poets
(Schmidt, A. 2016, p.5).

Information Communication Technology (ICT) is becoming one of the most important subjects for
primary schools across the world, playing a key role in educational, economic and social changes.
There is therefore a need to develop teaching resources capable of meeting the demands of ICT
education by means of both nurturing ICT literacy and skills, both in schools and as part of lifelong
learning (Vanderline et al, 2015; Kozma, 2008).

The current Northern Ireland Curriculum (NIC) for Key Stage 2 (KS2) aims to develop the skills of the
individual in regards to the cross-curricular skills of Using ICT (UICT) in order to improve pupils’
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thinking skills, as well as providing them with opportunities to become independent, self-motivated
and flexible learners (CCEA 2007). As of 2017, the NIC does not directly reference coding or
programming, however, teachers do have the option to teach it providing it is relevant to the NIC.
That having been said, the teaching of coding happens very rarely in NI at either KS2 or KS3/KS4,
which suggests that there may well be a lack of coding skills among teachers (Perry 2015).

Kazakoff (2014) suggests that children require early experience in programming in order to facilitate
meaningful discussion on matters that bear relevance to what is happening in the world around
them. Kazakoff further contends that the use of tangible items e.g. robots, may enable abstract ideas
beyond their current cognitive abilities to become more concrete. Pupils should feel motivated and
excited to create programs and by encouraging them to create their own unique programs, this can
help develop their interest in Science, Technology, Engineering and Maths (STEM) related subjects,
including computer science (Schmidt, 2016).

The use of robotics has also the potential to make programming relevant to the pupils’ lives,
allowing them to experience the many potential uses for programming. This contention is supported
by Kazakoff (2014, p555) who maintains that, ‘new technologies, in particular robotics, make
different kinds of learning opportunities possible, including new ways for peer social interactions, and
many opportunities for creativity, social, and cognitive development’.

The BBC Micro:bit is a new and innovative educational tool which has been developed as an aid to
assist teachers in the teaching of computer science and programming. It is a pocket sized
programmable computer, which has been developed by the BBC for the purpose of providing a
computing platform for school pupils which enables them to fully appreciate the potential of
programming as an educational tool.

The BBC Micro:bit consists of a range of different technical features, such as LEDs, push buttons, an
accelerometer and a compass (See Appendix 1). To program the BBC Micro:bit, the BBC has provided
a range of different methods, ranging from Block Editors aimed towards beginners e.g. Scratch, to
more advanced forms of programming such as Python (BBC Micro:bit, 2015). This range of software
allows the teacher to set different levels of challenges in relation to the pupils’ ability levels.

In their recent evaluation of the area of learning within the NIC titled the ‘World Around Us’ Perry
and Irwin (2015) suggested STEM education was underdeveloped in just over 54% of the primary
schools inspected by the Education Training Inspectorate Northern Ireland (ETINI). Schools
highlighted a range of different issues whilst suggesting a lack of training and teacher confidence
was the main reason for the lack of STEM education programmes.

This study will examine how the BBC Micro:bit can be used as a tool for developing pupils’ problem
solving skills as part of a pedagogical approach to STEM education. The focus of this research will
examine KS2 pupils’ perceptions of using the BBC Micro:bit and whether they view it as an
enjoyable, challenging and educationally beneficial learning tool as part of STEM education.

Literature Review

STEM Education

STEM education may be viewed as an approach in which STEM subjects are integrated through a
pedagogical method that uses design-based, problem-solving, discovery, and exploratory learning
strategies (Fioriello, 2010; cited in Roberts, 2013). It can also be considered through the lens of a
collective curriculum wherein the content can become integrated or fused as one subject,
strengthening students’ understanding of complex concepts (Morrison & Bartlett, 2009; cited in
Roberts, 2013). Bybee (2013) argues that the acronym ‘STEM’ is widely used and applied within
many different areas of both everyday life and school education, resulting in it becoming
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increasingly difficult to understand. Bybee further contends that when focusing solely on education,
the term STEM is often misinterpreted, resulting in the subjects being taught in isolation. Although
Bybee criticises how the STEM acronym is used, he does defend the principle of STEM education, the
importance of each subject and of their relevance to one another. However, Pitt (2009, p.41) offers a
more definitive and critical overview of STEM education when claiming that, “STEM as an
educational concept is problematic, there is little consensus as to what it is, or how it can be taught
in schools”. He further contends that there is no clear approach when it comes to teaching STEM,
with many viewing it as made up of discrete subjects, whilst others feel that by having an activity
that involves any STEM subject as being a STEM activity.

Benuzzi and Grace (2015) highlight the importance of cross-curricular teaching when it comes to
STEM education, emphasising that the acronym itself highlights how STEM requires cross-curricular
thinking, connections and teaching. Despite their arguments for the cross-curricular teaching of
STEM, reports carried out by the Department of Education NI (DENI) and the Department for
Employment and Learning NI (DELNI) (2009) and Perry and Irwin (2015) suggest that a lack of
teacher confidence / training may be one reason for the disconnected teaching of STEM subjects.

STEM Education in Northern Ireland

In NI, STEM education is referenced within the foundation stage, with children between the ages of
four to six being introduced to various elements of Science, Technology and Maths. At school, pupils
have opportunities to build upon their previously acquired STEM skills through using Mathematics
and ICT, as well as engaging in thinking and problem solving activities. The skills obtained are
intended to be further developed in post-primary schools where pupils study Mathematics until the
age of 16 whilst having the choice to study Science and Technology and Design (DE and DEL 2009).
DE and DEL (2009), Roberts (2013), DEL (2015), and CCEA (2007) argue that by studying STEM based
subjects, pupils will not only be provided with knowledge of the subjects they are studying, but also
develop investigative and problem solving skills and an understanding of how they may be
implemented in the real world, although evidence for this is sparse. It is interesting to note that
none of the above authors refer to STEM education as an integrated approach, referring to the
subjects in isolation.

The report of STEM Review (2009), commissioned by DENI and the DELNI, expresses concerns in
relation to STEM education in NI. As a society we rely increasingly on aspects of STEM based
knowledge and understanding to help us understand the rapid rate of technological change which
we see around us today (DENI and DELNI, 2009; Roberts, 2013). However, the report by DENI and
DELNI further argues that young people in NI are increasingly disengaged from STEM, resulting in a
decreased uptake at both higher and further education, which, in turn, influences the growth of the
future economy.

DENI and DELNI (2009) suggest three areas of concern for STEM education in NI. Firstly, how the lack
of planning at primary and post-primary impacts upon pupils’ progression. Secondly, the relevant
Continual Professional Development (CPD) undertaken by teachers is very limited in its scope.
Thirdly, the quality of careers guidance is questionable, with a limited amount of time allocated to
providing careers guidance in the majority of schools limited (DENI and DELNI, 2009).

The Report of the STEM Review (2009) produced a ‘vision’ for the future of STEM education in NI,
with the stated aspiration of ‘Empowering future generations through Science, Technology,
Engineering and Mathematics to grow a dynamic, innovative economy’ (DENI and DELNI, 2009, p.
11). From this, 20 recommendations on how this vision might be realised were outlined and
subsequently summarised under four key areas:

1. Business must take the lead in promotion of STEM.
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2. We must alleviate Key constraints in the STEM artery.

3. There needs to be increased flexibility in the provision of STEM education.

4. Government must better co-ordinate its support for STEM.
These recommendations mainly focus on the benefits that an effective STEM education policy might
bring to the economy and comment on how educational success involving STEM may be improved.
Suggestions such as further STEM education training for teachers, improvement to planning at
KS2/KS3, STEM scholarships and cross-departmental structures at government level were made. The
report also indicated that many primary pupils are developing negative attitudes towards science
and technology, with many practical and investigative approaches used by teachers being viewed as
underdeveloped.

Teacher confidence

The DENI and DELNI (2009) contends that as a matter of urgency, support offered to primary school
teachers to ensure they develop the confidence and enthusiasm needed to successfully deliver
effective STEM education programmes. This would appear to support the views, as indicated
previously, expressed by Perry and Irwin (2015) in relation to teacher training, teacher confidence
and teachers’ ability to teach computer programming in primary schools.

Lessing and Witt (2007) suggested that teachers who they consulted in their research indicated that
CPD courses could be an excellent means of providing teachers with the necessary confidence and
competence in what they teach, with nearly all teachers agreeing that CPD programmes improved
their confidence, knowledge and skills. Although DENI and DELNI (2009) suggest a need for more
CPD courses and training for teachers in order to improve STEM education, research has shown that
a lower number of primary teachers are taking CPD courses. Around 37% of teachers took part in
STEM training and 24% opted for further CPD. It is highlighted that the cause of this problem is due
to cuts to DENI funding (Perry and Irwin, 2015).

Programming in Northern Ireland Primary Schools

Computer programming could be described as a process, which involves the development and
implementation of various sets of instructions, enabling a computer to perform a certain task, solve
problems and/or provide human interactivity (Balanskat and Engelhardt, 2014; Kazakoff and Bers,
2014). The revised curriculum for NI has been in place since September 2007 with the aim to
‘empower young people to develop their potential and to make informed and responsible choices and
decisions throughout their live’” (CCEA, 2007, p.4). Balanskat and Engelhardt (2014) contend that the
underlying concepts of programming will be valuable to the individual regardless of whether or not
they make a career out of it. Papert (1980) further supports this view by claiming that a deep
understanding of programming, in particular within the areas of analysis and debugging, will result in
significant educational benefits in many domains of discourse, including those unrelated to
computers and information technology.

Although computer programming is not referenced directly within the NIC at KS2, the cross-
curricular element of UICT provides teachers and schools with opportunities and the flexibility to
teach programming if they wish (Perry, 2015). As illustrated previously, various issues such as
teacher confidence, CPD, funding and resources may result in teachers not being fully informed of
the potential that teaching programming can have for their pupils. Fluck et al. (2016) and O'Kane
(2016) maintain that the removal of barriers to learning programming concepts will not only benefit
pupils as individuals, but eventually have benefits for the economy. For example, this may occur
through the development of computer scientists who will sustain a competitive edge in a world
driven by technology.

Perry’s (2015) research on coding in schools within NI contends that the teaching of programming at
primary or pre-GCSE rarely happens with many schools moving towards the informal teaching of
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programming. This informal teaching is mainly offered as an extracurricular activity, operating during
lunchtime, after school and during the holidays, which may result in only a minority of pupils
attending.

Kozma (2008) contends that the use of computers within schools often has a significant role in the
educational, economic and social changes that happen daily in an ever-advancing society. As a
society, there is an ever-growing demand for effective STEM education that will help society
understand the challenges that we may face in our everyday lives and to manage the rapid rate of
technological change which we see around us (DENI and DELNI 2009; Fluck et al. 2016; Webb et al.
2015).

Contrary to the past, when children would explore and create artefacts from the materials around
them, Flannery and Bers (2013) contend that materials have dramatically changed due the evolution
of computers. Changes in simple activities such as games and storytelling have moved from needing
physical resources to their incorporation within digital technology. Furthermore, Flannery and Bers
maintain that advances in human-computer interaction allows young children to engage in digital
creation through programming child friendly robots:

Working with age-appropriate programming tools and curricula, children can creatively
problem solve and explore powerful interdisciplinary skills and knowledge
Flannery and Bers (2013, p.81).

In order for children to grow up digitally literate they need to understand basic computer functions,
in particular programming, which will help them in their understanding of basic technological
concepts that are needed to operate 21 century products (Kazakoff and Bers, 2014). Programming,
with the addition of age-appropriate materials, will allow children to learn and apply core-
computational thinking concepts such as analysis, decomposition and iterative design (Kazakoff and
Bers, 2014; Lee et al. 2011). The study of computer programming has been found to influence a wide
range of cognitive skills in early childhood, including computational thinking, meta-cognition, and
transferable skills in the areas of problem presentation, problem solving and debugging (Papert,
1980; O'Kane, 2016; Kazakoff and Bers, 2014; Webb et al. 2015; Fluck et al. 2016).

Educational Philosophy

Papert (1980) maintains that children’s creativity should not be stifled, instead an environment
should be created where the perception that ideas need to be either true or false is less dominant.
Furthermore, Papert suggests that educators often provide pupils with ‘correct’ theories before they
have the chance to invent their own. Papert’s views on cognitive development is in line with that
expressed by Piaget.

Piaget’s cognitive development theory focuses on the development of the child rather than their
ability to learn concepts, proposing discrete stages of development, marked by qualitative
differences (McLeod, 2015). Papert (1980) is in agreement with Piaget, proposing that children
construct their own learning by means of exploring the world around them. According to Piaget and
Inhelder (1958), learning should be centred around the pupil with the focus on active discovery
learning. Furthermore, assimilation and accommodation require an active learner, not a passive one,
because problem-solving skills cannot be taught, they must be discovered.

Papert’s (1980) interpretation of Piaget’s cognitive development theory within ICT, advises an
interactive approach whereupon the learners can become constructive architects of their own
learning. Flannery and Bers (2013) further support this by maintaining that the process of creation
and problem solving will enable children to actively explore and develop cognitive skills and domain-
specific content in developmentally appropriate ways. Kazakoff and Bers (2014) further argue that
hands on experiences enable children to become the producers of content and not simply the

19



GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

consumers of technology created by others. Knowledge should not be poured, so to speak, into the
child’s mind nor passively absorbed; instead, the child must construct the knowledge for him or
herself (Piaget, 1970).

Papert used the Creative Hybrid Environment for Robotic Programming (CHERP) language whilst
carrying out his research (Kazakoff and Bers, 2014). CHERP is a hybrid programming language which
allowed children to transition back and forth between screen based (graphical) and tangible (block
based) programming interfaces (Bers and Horn, 2010). This hybrid approach provided the individual
with the opportunity to work with various styles of programmable actions, thus allowing them to
iteratively analyse and adapt their work according to their discoveries (Horn et al. 2012; Flannery
and Bers 2013). Following Papert’s research, many developers have created developmentally
appropriate programming environments for children (Kazakoff and Bers, 2014), for example, Scratch,
an object based programming language that allows children to build their own stories, games and
animations (Brennan and Resnick, 2012; Glezou, 2014).

Kazakoff and Bers (2014) agree with Papert’s view of a ‘constructivist programming’ environment
where children are engaged in thinking about their own thinking, thus resulting in abstract ideas
becoming more concrete. However, they also suggest a different pedagogical approach in order to
achieve this. Kazakoff and Bers contend that developmentally appropriate technological tools
provide opportunities to scaffold learning that, through interactions from parents, teachers and
peers, may enhance learning, drawing on Vygotsky’s theory of the Zone of Proximal Development
(zPD).

Flannery and Bers (2013) maintain that children who are at different stages and sub stages of
cognitive development would benefit from learning goals, activities and scaffolding, which have
been designed specifically for their distinctive cognitive characteristics. Furthermore, Flannery and
Bers propose that when interacting with younger children, a slower pace and expanded focus on the
introductory activities allow more time for children to explore the various features of programming.
This would enable the child to work towards solving short challenges, benefiting from teacher
interaction who, through scaffold learning, may progress the child towards the concrete operational
stage (Kazakoff and Bers, 2014; Flannery and Bers, 2013; Lee et al. 2011).

The review of the literature provides evidence to suggest that there are some barriers in relation to
the implementation of STEM education by means of programming in NI primary schools. Teacher
confidence, CPD, funding and resources are some of the issues highlighted in reports carried out by
Perry and Irwin (2015), DENI and DELNI (2009) and DENI (2010). Despite the issues, arguments for
programming have been made with Fluck et al. (2016) as well as O'Kane (2016) maintaining that the
removal of barriers to learning and the introduction to programming concepts will not only benefit
pupils as individuals, but also society at large.

Papert (1980), Kazakof and Bers (2014), Flannery and Bers (2013), as well as Lee et al. (2011) and
Brennan and Resnick (2012), provide a good insight into what already has been trialled and proven
to work. The reoccurring themes seem to focus on scaffolding and problem solving and the
suggestion that through support from the teacher and the presentation of small, problem solving
based activities, the child will progress towards the concrete operational stage where they no longer
need assistance from the teacher.

As for issues surrounding teacher confidence, O’Kane (2016) maintains that through carefully
planned training and support, teachers will develop the confidence to introduce programming into
their classrooms, especially within the areas of literacy and numeracy. Although issues surrounding
CPD exist, including funding and teachers’ willingness to attend (Perry and Irwin, 2015), the
availability of online CPD courses and on-site training offer teachers and schools the ability to
overcome barriers in relation to funding and motivation (Cordingley and Temperley, 2005).
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Research Methodology

Aim of the study

The aim of this research is to investigate NI KS2 pupils’ perceptions of using the BBC Micro:bit in
STEM education.

A learning resource for pupils was created in order to not only help facilitate in the completion of
this research project, but to focus the pupils so they could adequately complete the questionnaire
for the purpose of obtaining the data required to address the research question.

The overarching question guiding this research focuses on how the BBC Micro:bit can be used as a
tool for developing pupils’ problem solving skills as part of a pedagogical approach to STEM
education. From this question, a number of sub-questions were developed that would help further
guide and add quality to this research. The following sub-questions were asked of the pupils:

When programming the BBC Micro:bit, how enjoyable was it?

When programming the BBC Micro:bit, how difficult was it?

How useful is the BBC Micro:bit in providing opportunities for problem solving?
How relevant is the BBC Micro:bit to STEM subjects?

PwONE

Research Design
Three schools took part in this research programme which used the BBC Micro:bit;

Table 1. Type of schools taking part in the study.

School Year/Primary Group | Type of School Age range of pupils
attending school

School A | Primary 6 (KS2) Co-Educational Primary School | 4-11

School B | Primary 6 (KS2) Co-Educational Primary School | 4-11

School C | Year 8 (KS3) All Girls Grammar School 11-19

The research design has been greatly influenced by the overarching aim of the research question.
The main aim was to try and ascertain the perceptions of those who participated in the research,
focusing on how the BBC Micro:bit can be used as a tool for developing pupils’ problem solving skills
as part of a pedagogical approach to STEM education. This greatly influenced the research design as
the pupils within each school had varying abilities when it came to programming skills. As a result, a
set of control problem solving activities were developed that gradually increased in difficulty,
building upon the skills previously obtained.

The views of the pupils were sought after completion of the activities on Day 2. The pupils were
supplied with a questionnaire that aimed to obtain their perceptions regarding the activities they
completed in relation to problem solving with the BBC Micro:bit.

Mixed Methods Approach

A mixed methods approach was adopted in order to obtain the information required for this
research project. Mixed methods research entails a combination of qualitative and quantitative
approaches with the objective to generate a more accurate and adequate understanding of the area
being researched (Arthur et al. 2012). Johnston and Onwuegbuzie (2004) define mixed method
research as the type of research that involves a researcher or a team of researchers who combine
elements of qualitative and quantitative methods for the purpose of obtaining validated, in-depth
data. Additionally, Denzin (2008) maintains that due to the disadvantages inherent within both
gualitative and quantitative methods, the combination of the two can be viewed as a more faithful
and reliable option. The use of a mixed methods approach is a “powerful way of demonstrating
concurrent validity, particularly in qualitative research” Cohen et al (2011, p. 112). Furthermore,
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Cohen et al. (2011) suggests that the use of a mixed methods approach adds to the validity of the
data gathered, leading to the presentation of less bias and more accurate conclusions.

Data Collection Method

The main instruments in the mixed methods approach consist of both close-ended and open-ended
guestionnaires (Zohrabi, 2013). ‘These different ways of gathering information can supplement each
other and hence boost the validity and dependability of the data’ (Zohrabi, 2013, p. 254). The
inflexibility of close-ended or fixed questions is that it allows for a meaningful comparison of data
(Mack, 2005). However, Gibson and Hurry (2014) contend that, pre-set response categories
determines the way in which the participant can answer the question, leading to answers that the
participants would not think of if they had to create answers themselves.

Gillham (2000) maintains that open-ended questions can lead to a greater level of discovery.
Although Alderson and Scott (1996) acknowledge the usefulness of qualitative data, they contend
that open-ended questions make it more difficult to compare and analyse. Therefore, Zohrabi (2013)
suggests that it is better that questionnaires include both close-ended and open-ended questions to
complement each other. Cohen et al. (2011) stresses that questions posed should not be leading,
reducing the possibility of bias or untruthful answers.

For this research, a questionnaire was created consisting of both open and close-ended questions.
The questionnaires were distributed amongst the Primary six pupils after they had taken part in the
BBC Micro:bit activities. Adequate time was provided for the pupils to complete the questionnaire
and once finished, the researcher collected, analysed and compiled the data into a more
manageable format.

Ethical Issues

In this research, all participants were provided with a letter of consent that contained information
regarding confidentiality and an outline of the study. As this research project is focused on the
pupils’ perceptions, it was important to obtain consent from both the participant and their parent or
guardian. Nicholson (1986) maintains that the gathering of parental consent must be sought when
carrying out research with any child. Marrow and Richards (1996) further add that when carrying out
educational research, consent from adult gatekeepers such as parents, teachers and principals, must
be sought in order to prevent jeopardising the research project. Researchers should also provide all
participants with a sufficient amount of information surrounding the purposes of the research and
the nature of their involvement so they may make a decision that is informed (Denscombe, 2003).

Informed consent was obtained before the research had taken place. Consent from the principal,
parents, teachers and pupils of both schools was obtained through the provision of a written letter.
These letters outlined the nature of the study and the activities the pupils will be taking part in, with
issues surrounding confidentiality and self-determination being addressed. A similar letter devised
for the parents of the pupils taking part in the study was also provided and then collected the day
before the activities took place. The information contained here again highlighted the purpose of the
research, the involvement of the child in the study and the opportunity to provide consent or
withdrawal from the research project. Finally, a letter to the pupils was presented at the beginning
of the activities on day one. This explained the purpose of the research project, and again offered
the opportunity for the participant to withdraw from the research project. The researcher must seek
the consent of all participants before taking part in any research, with the participants being made
fully aware of the implications of the research, as well as having a free choice as to whether or not to
take part (Sheely et al. 2005).
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BBC Micro:bit Resource Pilot

Following the creation of the teaching resource, it was decided that a pilot would be beneficial in
order to generate some feedback on how the pupils responded to the resource and whether or not
changes need to be made.

The Head of Department (HoD) for Technology and Design at an all-girl grammar school (School C)
was contacted in relation to delivering the BBC Micro:bit teaching resource to one year 8 (KS3) class.
The HoD agreed and a meeting was arranged to discuss how the resource should be delivered as
well as the areas in which the researchers needed to receive feedback on. The HoD delivered the
resource and provided the researchers with feedback on the following:

e How well the pupils understood the resource.

e The presentation / layout of the resource.

e How enjoyable / challenging the pupils found the tasks and any changes that they had
suggested.

Initially the resource was created similar to a step-by-step guide, gradually reducing the instructions
as the pupils progressed through the resource. After the resource had been piloted, we arranged to
meet with the HoD to discuss how the lesson went. Feedback from the HoD indicated that the pupils
were overwhelmed with the amount of written information and found it difficult to follow the
instructions. It was suggested by the HoD that with less writing and by allowing the pupils to have
more freedom with what they can create would be more beneficial in improving the pupils’
understanding of the BBC Micro:bit.

Following on from the previous points, the HoD also recommended the use of visual elements in the
resource. As she previously suggested that the writing was somewhat overwhelming and difficult for
the pupils to follow, the addition of visual cues would eliminate the need for writing, making the
resource and instructions easier to follow.

The HoD finally added that the pupils thoroughly enjoyed the activities and wanted to use the BBC
Micro:bit more often. The resource was challenging to understand, however with the simplification
of instructions; the tasks would become more understandable and achievable. She added that
although the resource was somewhat difficult to understand due to the amount of information
being provided, the pupils, due mainly to their own efforts, did not take long before they had
appeared to develop an understanding of how to program the BBC Micro:bit.

Following the feedback received from the HoD, adjustments were made to the resource in
preparation for the visit to Schools A and B. It is important to note that the resource was piloted
over a 1-hour period with year 8s. The updated resource was delivered to School A and School B
over the course of two morning sessions lasting around 3-hours. The points for improvement have
been summarised below:

e Decrease the amount of written instruction.

e Increase visual cues such as screen shots to help in guiding the participants through the
tasks.

e Encourage independent exploration of the software as a way of developing knowledge and
understanding as to the programming of the BBC Micro:bit.

Context of Study

The method for the gathering of evidence within this report involved the pupils and staff of two
primary schools. Before carrying out this research, meetings with the principals were arranged to
discuss the nature of the study and all parties involved signed consent letters. It was suggested by
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the researchers and agreed by each principal that it would be best not to overwhelm the pupils with
information as they had little or no experience in using the BBC Micro:bit or taking part in
programming activities. As a result, it was agreed that all activities would take place during the first
half of the day, from 9:30am to 12:00pm with a 15-minute break at 10:30am.

School A

School A is a maintained primary school. In a recent inspection carried out by the Education and
Training Inspectorate for Northern Ireland (ETINI), it was found that the use of ICT within the school
was underdeveloped, with recommendations being made with relation to the improvement of ICT in
supporting teaching and learning (ETINI, 2016). This study was carried out with two primary six
classes, providing the researchers with feedback from 41 pupils, of whom 20 were female and 21
were male. Due to a request made by the principal, the research project was carried out with two
different classes on two separate days, resulting in each class only participating in the day one
activities. This resulted in the inability to observe the development made by the pupils on Day 2, as
each class had only participated in Day 1 activities. It also had implications in relation to the resource
being delivered to the pupils at school B, as the Day 2 activities had yet to be completed, resulting in
the researchers being unable to observe any underlying issues (if any) in relation to the Day 2
resource. It is important to note that the incompletion of Day 2 activities would have no effect on
the opinions obtained through the questionnaire, as the development of skills was not being
analysed.

School B

School B is a maintained primary school. In a recent inspection carried out by the ETINI, it was found
that the pupils demonstrated a confidence in using ICT, in both an innovative and appropriate
manner (ETINI, 2013). This study was carried out on a smaller scale in comparison to School A, with a
composite primary 5/6 class involving 29 pupils taking part in activities; this class was made up of 12
females and 17 males. It should be noted that the participants in school B remained the same over
the course of the two days, with pupils taking part in day one and day two activities.

Conduct of Study

After receiving feedback from the HoD, suitable adjustments were made to the BBC Micro:bit
resource. A total of 70 pupils from two different primary schools took part in the research project.
Over four morning sessions (9:30am - 12:00pm), two mornings per school, the pupils took partin
activities that included writing and compiling various programs for the BBC Micro:bit, with the pupils
at school A completing day one activities only, however the pupils at school B completed both day
one and day two activities.

At the beginning of the activities, a short five minute presentation was given to provide the pupils
with relevant information in relation to the BBC Micro:bit. The pupils were then sorted into groups
of three, with each group receiving a resource booklet and a BBC Micro:bit. Each pupil was allocated
a role to ensure every member of the group had the chance to experience programming the BBC
Micro:bit.

The activities began with the creation of some simple code, gradually progressing to tasks that were
more difficult. The researchers provided some assistance to the pupils during the activities; however,
this assistance was gradually removed as the pupils progressed, encouraging the use of group work
to solve problems. This relates to Vygotsky’s ZPD and Bruner’s Scaffolding theory, where hints or
cues are provided by the educator as a way of helping the pupil achieve a specific goal (Copple and
Bredekamp, 2009).

The first set of activities lasted an hour, the pupils then had a 15-minute break after which they took
part in other activities that lasted a further 30-minutes. At the end of the activities, the pupils were
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asked to complete a questionnaire this took approximately 20-minutes for the pupils to complete,
the aim of which was to obtain their views and opinions on the BBC Micro:bit. The questionnaire
focused on how enjoyable, challenging and valuable they found it. As well as this, their perceptions
of the possible relationship between the BBC Micro:bit and the various STEM subject’s was also
obtained.

Data Collection

Analysis of Results

The data analysed have been presented in bar chart format. This format allows for the data captured
to be graphically displayed, creating an interface that is quick to analyse and easy understand
(Davino and Fabbris, 2013).

As noted in the methodology, four key sub questions were developed as a means for guiding and
adding depth to the overall research question. The sub questions are as follows:

When programming the BBC Micro:bit, how enjoyable was it?

When programming the BBC Micro:bit, how difficult was it?

How useful was the BBC Micro:bit in providing opportunities for problem solving?

How relevant is the BBC Micro:bit to STEM subjects?

The above themes guided the creation of the questionnaire and led to the development of a
range of different qualitative and quantitative questions.

Quantitative Data
Question 1: How Difficult was the BBC Micro:bit use?

How difficult was the BBC Micro:bit to use?
School A
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Figure 1. How difficult was the BBC Micro:bit to use? (School A).

At school A, a total of 41 pupils, comprised of 21 males and 20 females were surveyed. When asked
how difficult they found the BBC Micro:bit to use, the majority of pupils, both male and female,
found the tasks and use of the BBC Micro:bit easy. Of the total 41 pupils, 61% (25 out of 41) found
the BBC Micro:bit to be easy or very easy to use, around 22% (9 out of 41) found it to be difficult or
very difficult and the remaining 17% (7 out of 41) answered the question as ‘don’t know’.
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How Difficult was the BBC Micro:bit to use?
School B
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Figure 2. How difficult was the BBC Micro:bit to use? (School B).

At school B, a total of 29 pupils, 17 males and 12 females were surveyed. Similar to school A, the
majority of pupils at school B, both male and female answered the question as finding the BBC
Micro:bit easy or very easy to use. From the 29 pupils surveyed, 69% (20 out of 29) found the BBC
Micro:bit easy or very easy to use, 17% (5 out of 29) finding the BBC Micro:bit difficult to use and the
remaining 13% (4 out of 29) answering the question as ‘don’t know’.

The data indicate that the majority of pupils found that the BBC Micro:bit was simple to use. With
around 64% (45 out of 70) of pupils surveyed claiming the BBC Micro:bit to be easy or very easy to
use, the data coincide with the information contained on the BBC Micro:bit website where it claims
that the device provides a “super easy, non-intimidating user experience” (BBC Micro:bit, 2015).
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Question 2: How Enjoyable was the BBC Micro:bit to use?

How enjoyable was the BBC Micro:bit to use?
School A
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Figure 3. How enjoyable was the BBC Micro:bit to use? (School A).

It is evident that from the 41 pupils who took part in the research project at school A, nearly all of
pupils, both male and female, found using the BBC Micro:bit Enjoyable. Around 92% (38 out of 41) of
the pupils surveyed claimed that the BBC Micro:bit was either enjoyable or very enjoyable to use.
There was however a small number of pupils, around 5% (2 out of 41) who found using the BBC
Micro:bit very boring.
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How enjoyable was the BBC Micro:bit to use?
School B
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Figure 4.- How enjoyable was the BBC Micro:bit to use? (School B).

Similar to school A, the results show that most of the pupils, both male and female, found using the
BBC Micro:bit enjoyable or very enjoyable, with 90% (26 out of 29) of the pupils surveyed suggesting
this. Again a very few (1 pupil) found using the BBC Micro:bit boring, while the remaining 7% (2 out
of 29) answering the question as ‘don’t know’.

When analysing the total number of pupils surveyed, a small minority (4% or 3 out of 70) found the
tasks to be boring or very boring. This could be due to many different factors, from working in
groups, using ICT or simply the nature of the tasks themselves. Selwyn et al. (2010) argues that it is
not ICT per se that pupils find boring but rather the use it is being put to, leading to the pupils having
a negative view towards the use of ICT in schools.

It is encouraging for the researchers and the BBC Micro:bit that nearly all of the pupils (64 out of 70)
found enjoyment from using the device. As suggested previously by Kazakoff and Bers (2014) the use
of both practical and hands-on activities will enable children to become the producers of content,
providing them with learning experiences that are both valuable and enjoyable. The head of BBC
Learning, Sinead Rocks, further adds that the BBC Micro:bit is not only a device to teach
programming, however it is being used as a way of developing other skills such as teamwork,
attention to detail and problem solving (Rocks, 2016).
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Question 3: How Useful was the BBC Micro:bit when solving problems?

How useful was the BBC Micro:bit when solving problems?
School A

30
25
20

15

Number of Pupils

10

5

Boys Girls Total

W Useless ™ Not Useful mDon’t Know mUseful m Very Useful

Figure 5. How useful was the BBC Micro:bit when solving problems? (School A).

From the 41 pupils who took part in the research project at school A, it is evident that nearly all of
the pupils (90% or 37 out of 41), both male and female, found that the BBC Micro:bit was useful to
them when solving problems. Only one pupil claimed that using the BBC Micro:bit was not useful in
problem solving, and the remaining 7% (3 out of 41), answered the question as ‘don’t know’.
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How useful was the BBC Micro:bit when solving problems?
School B
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Figure 6. How useful was the BBC Micro:bit when solving problems? (School B).

Similar to school A, out of the 29 pupils surveyed at school B, most of the pupils (90% or 26 out of
29) found the BBC Micro:bit to be either useful or very useful in helping them to solve problems. The
remaining 3 pupils were unsure whether the BBC Micro:bit was useful to them in solving problems,
answering the question as ‘don’t know’. No pupils at school B answered the question as not useful
or useless.

In total 90% or 63 out of 70 pupils surveyed found the BBC Micro:bit as being useful or very useful in
the solving of problems. Only 1 pupil out of the 70 surveyed claimed that the BBC Micro:bit did not
aid in developing their problem solving skills. This data would suggest that practical work is an
activity that helps pupils develop their problem solving skills or to discover information for
themselves and develop independent thinking skills Delargy (2001).
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Question 5: Did the BBC Micro:bit link with STEM Subjects?

Did the BBC Micro:bit link with STEM subjects?
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Figure 7. Did the BBC Micro:bit link with STEM subjects? (School A).
From the 41 pupils surveyed at school A, the most of the pupils found the BBC Micro:bit had links

with Technology, Engineering and Maths. However, the results indicated that less pupils found a link
with Science, with only 21 saying Yes and 20 saying No.

Did the BBC Micro:bit link with STEM subjects?
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Figure 8. Did the BBC Micro:bit link with STEM subjects? (School B).
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Similar to school A, links with Technology and Maths were clear and this is evident in the results
from the 29 pupils surveyed in school B. There is a notable difference in the number of pupils making
links with Science and Engineering, with a significant minority seeing no links with these subjects.
Table 3 summarises all of the data gathered surrounding the link between the BBC Micro:bit and
STEM subjects.

Table 2. Statistics for links with STEM subjects (Total).

Subject Yes No

No. of Pupils | % No. of Pupils | %
Science 33 out of 70 47% 37 out of 70 53%
Technology 68 out of 70 97% 2 out of 70 3%
Engineering 35 out of 70 50% 35 out of 70 50%
Maths 52 out of 70 74% 18 out of 70 26%

The pupils commented on how the BBC Micro:bit linked with technology, viewing the device as a
physical piece of new technology. They then added that they could make links with maths, with most
of the tasks completed involving the use of numeracy skills including logic (+/-/>/</ =).

As for Science and Engineering, these were the subjects that produced the lowest result. Whilst
conducting the research it was evident that a number of pupils were unsure as to what Engineering
was or entailed. This may be due to the age (KS2) at which the tasks were delivered. It is somewhat
understandable that the pupils did not see a clear link with Science as the tasks presented were not
tailored around the KS2 science curriculum. This is an area that could be further developed in future
research projects involving the use of the BBC Micro:bit, were the STEM curriculum is more involved
in the activities completed by the pupils.

Qualitative Data

Question 4: Why do you think the BBC Micro:bit helped in solving problems?

From the quantitative data gathered, it was clear to see that the majority of pupils from school A
and B found the BBC Micro:bit useful in helping them to problem solve.

Most of the answers to this question suggested that the use of teamwork helped in solving problems
when writing a program for the device, with many of the answers containing the words ‘team work’
or ‘group work’. One pupil stated that, 1 worked as a team and we used the booklet to help us
program the Micro:bit’. Another pupil further added that when ‘we had a problem we were able to
work as a team to fix I”.

The pupils’ comments suggested that the opportunity for them to develop their programming skills
also enabled them to enhance their problem solving skills. One pupil argued that, “I think the BBC
Micro:bit helps solving problems because it helped us to learn how to code.... using the block editor
programming software”. This reinforces the idea that the BBC Micro:bit develops other skills as well
as programming (Rocks, 2016).

A group of pupils in School B further suggested that the BBC Micro:bit could be used by the school
council in a situation where “some people had a disagreement it could help you vote and solve the
problem”, the pupils suggested using the BBC Micro:bit to vote on non-uniform days, school dinners
and more ICT lessons. In addition to this the pupils considered some real world problems, suggesting
that the BBC Micro:bit could be used to save the school money and that ‘instead of buying new
things like a stopwatch, we can just re-program the Micro:bit to do what we nee’. This demonstrates
how well the pupils were able to contextualise their learning, making links as to how the BBC
Micro:bit can have a positive influence on their learning and solve problems.
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Question 6: Did you learn anything new from today’s BBC Micro:bit challenge?

Most of pupils commented on how they learnt new programming skills as well how to program the
BBC Micro:bit. A pupil from school A stated that ‘/ learned lots of new things like how to use the BBC
Micro:bit and how to program I’”, while another pupil from school B further added, ‘It helped me

277

learn how computers wor’”.

Aside from learning new programming concepts, some pupils commented on how the BBC Micro:bit
challenge changed their perceptions on the STEM subjects involved with a pupil from school A
claiming that,’“l learned that Technology and Maths can be fun’ with another pupil adding that
‘today | learned that you can do anything with technology’. This display of enthusiasm as well as the
promotion of imagination and creativity in learning has the potential to enable pupils to develop
both their thinking and problem solving skills. Following on from this point, some pupils expressed
how the skills they have obtained during the activities might be useful in the future. A pupil from
school A stated that ‘the BBC Micro:bit learnt us how to code and when we are older we might need
it for computer’”.

Question 7: Would you like to use the BBC Micro:bit more often?

The reoccurring theme that appeared when analysing the answers to this questions was the term
‘Fun’ and ‘Enjoyabl’”. The majority of replies consisted of these words with pupils answering with
statements such as, ‘yes, | want to use it again because it was fun and enjoyable’. Statements similar
to this add value to the concept of practical activities and programming within the classroom. Huang
et al. (2007) maintain that through increased enjoyment in learning, pupils’ behaviours towards
subjects perceived to be difficult would change dramatically, with motivation and willingness to
participate improving. This point also relates to the comments made by a pupil when answering
question 7, when it was stated that through using the BBC Micro:bit, he/she discovered that
‘Technology and Maths can be fun’.

Nearly all of the pupils commented on how they would like to use the BBC Micro:bit again because
they enjoyed the challenge it offered, 1 would like to use it more often because it is so fun but also
challenging”. In agreement with Huang’s views on enjoyment improving participation in learning, a
pupil from school A stated that they would like to use the BBC Micro:bit again because ‘it was
enjoyable but challengin’”. Another pupil further added that ‘it was fun but hard to do it, so | would
like to use it more often to learn more about programming and the Micro:bi’”. These comments
suggest that although some of the pupils found the BBC Micro:bit challenging, many of them would

like to continue using it to improve their skills due to the device being enjoyable to use.

Enjoyment was not the only factor encouraging pupils to want to use the BBC Micro:bit again, with a
small number of pupils suggesting they would like to use the device in order to teach others. One
pupil stated that ‘yes, | would like to use it again so | can teach my brother and cousins how to use it’,
while another added ‘I could show my friends how to use it and | could play and create different
faces and objects and it would be fun’. This willingness to further their own knowledge and
understanding as well as others can have major benefits for not only the pupil but also the
environment in which they are learning. The views of the pupils reflect the views of Tien et al.
(2002), whose research into peer led learning and teaching discovered that it could have a positive
impact on the individuals (both teacher and learner) achievement, attitudes and persistence, leading
to an improvement in the ability to explain concepts and better understand different perspectives
on approaches to solving problems.

The imagination and creativity of the pupils is something that the BBC Micro:bit can help develop
and improve. BBC Micro:bit (2015) claims that ‘The Micro:bit is an educational and creative tool to
inspire a new generation of young people’. This statement was validated whilst carrying out this
research with nearly all of the pupils finding the creative element of the device appealing, with one
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pupil in particular answering that, ‘It helped me use my imagination instead of sitting on the iPad and
watching TV".

Question 8: If you could change anything about this challenge, what would it be?

When using the programming software, many pupils discovered the music features that allowed you
to create music using various digital tones. This resulted in some pupils suggesting changes that
included the incorporation of music into the tasks. Comments such as “/ would like to create music
and have the Micro:bit play it” and “l would like to make the Micro:bit play music and the LEDs
dance” were made by two pupils, with a small number of others simply writing the word ‘Music’ as
their answer. Another hardware change the pupils suggested was in relation to the LEDs. A minority
of pupils from School A and B had answers such as, “/ would like to change the colour of the LEDs”
and “I would change the colours of the LEDs so | could make cooler logos and better badges”.

Some of the changes suggested by pupils, such as changing the colour of the LEDs, may not be
possible to implement by the educator using the device as a teaching resource. However, if the BBC
Micro:bit has been incorporated into an appropriate scheme where the pupils are learning new
concepts each week, perhaps the use of more advanced features such as music, may be more
achievable and appropriate to implement.

Data analysis - Conclusion

The data obtained show that nearly all of the pupils who took part in the study emphasised how
easy the BBC Micro:bit was to use with only a small number finding it to be difficult. These findings
appear to support the idea that the BBC Micro:bit is a device that provides a ‘super easy, non-
intimidating user experience’” (BBC Micro:bit, 2015). The next question focused on obtaining the
pupils’ perceptions and discovering whether the pupils found the BBC Micro:bit to be enjoyable to
use. Most of the pupils surveyed claimed that the BBC Micro:bit was enjoyable to use, with only a
small number claiming it to be ‘boring’. Nearly all of the pupils surveyed perceived the BBC Micro:bit
to be useful when problem solving, making links as to how the BBC Micro:bit could potentially be
used to address real life problems. The pupils also made links to STEM subjects, with nearly all of the
pupils making links to Technology and Maths, and a small minority making links to Science and
Engineering.

Shown below is a list of the key points summarised from each quantitative question which relates to
the pupils’ perceptions on the use of the BBC Micro:bit:

e The BBC Micro:bit was easy to use.

e The BBC Micro:bit was enjoyable to use.

e The BBC Micro:bit was very useful when problem solving.

e The BBC Micro:bit was useful in making connections with STEM related subject knowledge.

The qualitative data captured aimed to obtain a more in-depth view on the perceptions held in
relation to the device. When asked to expand on the topic of problem solving, most of the pupils
emphasised how working with their peers helped them to overcome problems, with most of the
pupils’ answers containing the terms ‘team-work’ or ‘group work’. Most of the pupils also
commented on how the development of their programming skills made it easier for them to solve
problems in relation to the code they were writing. Most of the pupils were also able to make links
to issues that affect their own lives, discovering how programming could potentially interact with
their everyday lives. Suggestions that the school council could use the device to record votes was
made as well as the BBC Micro:bit being used by the school to save money, with the device being re-
programmed to create different devices, such as a stopwatch, so the school would not need to
purchase said device.
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The pupils who took part in the study had no prior experience with programming, meaning that
feedback gathered from the question surrounding ‘new learning’ was interesting. Nearly all of the
pupils’ answers referenced the term ‘programming’ with answers such as “today I learnt how to
program”. It is understood that this style of answer is quite vague and provides little clarity as to the
knowledge the pupils actually acquired during the activities. Most of the pupils expressed their
development and understanding of topics as it improved through completion of the activities.

Following on from the previous points, nearly all of the pupils commented on how they would like to
use the BBC Micro:bit more often due to the enjoyment they got from it. It is encouraging to see
how enjoyable the pupils found using the device and how the thoroughly enjoyed developing their
programming skills. Most of the pupils commented on how they would like to use the BBC Micro:bit
to teach others, stating that they would like to teach their friends and family how to use it.

The overall response and enthusiasm shown by the pupils towards using the BBC Micro:bit is very
encouraging. When enquiring about possible changes, most of the responses related to the
programming of the device and how the pupils would welcome the inclusion of more advanced
features such as digital music tones. A small number commented on the hardware of the BBC
Micro:bit itself and how they would like to change the colour of the LEDs. Although this is not a
current feature of the BBC Micro:bit (as of December 2016), it is encouraging to see the creativity
and imagination shown by the pupils in how they would change the device.

This study has a number of strengths. It is one of a small number of research projects into the use of
the BBC Micro:bit and to the researchers’ knowledge it is the only research conducted to date in NI
that focuses on the perceptions of pupils using the BBC Micro:bit.

It is understood that this study has a number of limitations. Due to time restraints, this research was
conducted on a relatively small scale. Although 70 pupils took part in the research and completed
guestionnaires, the study only took place in two schools. With the study focusing on the perceptions
of KS2 pupils in NI, it could be argued that the inclusion of more schools and a larger sample of
participants may lend itself to the capturing of data that are more credible in addressing the main
research question. As the researchers had a leading role in delivering the activities to the pupils, the
relationship developed between the pupils and the researchers may have influenced the feedback
obtained through the questionnaires. This may have resulted in the pupils providing information
they felt would please the researchers and therefore not expressing their true opinions. As the study
relied solely on the data gathered by means of questionnaires may also be perceived as a weakness
as there was no provision made for triangulation, with interviews and observations not being
included as a method for data capture in this study. During the analysis of data, the researchers
became aware of questions that may have been useful to include in the questionnaire, as well as
different ways in which questions could have been worded. In hindsight, a pilot of the questionnaire
would have been useful in determining the appropriateness of the questions, in both the wording
and relativeness to the study.

This is, to the researchers’ knowledge, the first study into the perceptions of NI KS2 pupils towards
using the BBC Micro:bit. Given the recent distribution of BBC Micro:bit devices to schools across the
United Kingdom (UK), it was considered important to investigate the pupils’ perceptions regarding
this device. It is believed that this research adds to the current understanding of how the device has
been received by pupils; however, in no way does it claim to provide a definitive conclusion, but
rather an important insight into a sample of pupils’ perceptions, thus encouraging further study
across a wider sample of pupils.

Recommendations for further research in this field could include the involvement of a larger sample

of pupils and schools as a way of providing more support for the conclusions. This larger sample
would help in validating conclusions made whilst addressing the research question. It may also be
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beneficial to contact schools that have already used the BBC Micro:bit and carry out research with
these pupils. As the pupils would have already used the BBC Micro:bit for a longer period of time,
they may have different perceptions in relation to the device.

From what has been learned from carrying out this research, further study into the BBC Micro:bit
could help in providing a better insight into how this device has been received and implemented by
schools, providing insight into how the device has been more effectively used and how
improvements could be made. As stated previously, to the researchers’ knowledge, this is one of few
pieces of research in this field; resulting in a number of different areas waiting to be investigated.
Research surrounding the areas of teachers’ perceptions, the perceptions of a larger sample of
pupils (including those who have used the device for a longer period of time) and the use of the BBC
Micro:bit in developing problem solving skills, are just a small number of suggestions for further
research.

Conclusion

The overall aim of this study was to investigate the perceptions of NI KS2 pupils towards the BBC
Micro:bit as used within STEM education. The data obtained, analysed and presented throughout
this research document provide a clear outlook on the perceptions of the pupils who have
experienced using the BBC Micro:bit and should provide encouragement for any educator
considering implementing programming into their lessons through using the BBC Micro:bit.

In order for pupils to develop their problem solving skills through programming, an approach
including the use of tangible resources alongside activities that require critical thinking is crucial.
With no direct reference to coding or programming within the NIC, it is recognised that this will
involve new challenges for teachers who wish to implement programming into their teaching yet
have limited experiences. However, it is believed that based on the evidence presented within this
study, programming has the potential to contribute to the development of a range of skills including
teamwork and problem solving, generating a sense of enthusiasm towards learning. This will provide
enrichment to the learning environment, whilst also providing pupils with the opportunity to engage
in authentic problem solving activities that are not only applicable to their everyday lives, but also to
their understanding of STEM education.

The findings of this research document provides a thorough insight into the positive perceptions
held by the pupil participants regarding the use of the BBC Micro:bit, with the data suggesting group
work to be a key element in not only developing programming skills but also problem solving skills.
The results from this research also assert that pupils believe that the BBC Micro:bit is an enjoyable,
easy to use device that is beneficial when learning how to code, with various other skills being
developed in tandem. This concurs with the comments made by the head of BBC learning, Sinead
Rocks, who believes that the device is not only a fun and enjoyable way to develop programming
skills, but also problem solving skills (Rocks, 2016).

With an ever advancing technological society, and the future success of the NI economy becoming
increasingly dependent on the number of skilled computer programmers (Sentinus, 2015), the BBC
Micro:bit could arguably be an effective educational tool in not only promoting computer
programming, but also help in developing the interest towards the various STEM subjects.

Acknowledgments
We would like to express our appreciation to the principal, staff, pupils and parents of the primary
schools that participated in this research study.

We would also like to express our sincere thanks to our tutor, Dr Kieran McGeown, who was a

constant and generous source of encouragement, assistance, inspiration and wisdom throughout
the completion of this study.

36



GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

Finally, we would like to thank our family and friends for their support and encouragement not only
during the completion of this study, but also throughout our education to date.

References

Alderson, J. Scot, M. (1996) Insiders, Outsiders and Participatory Evaluation, in J.C. Alderson & A.
Beretta (Eds), Evaluating second language education, (pp. 25-60), Cambridge: CUP.

Arthur, J. Waring, M. Coe, R. Hedges, V, L. (2012) Research Methods and Methodologies in
Education, London: SAGE Publications.

Balanskat, A. Engelhardt, K. (2014) Computing our future Computer programming and coding -
Priorities, school curricula and initiatives across Europe, Belgium: European Schoolnet.

BBC Micro:bit (2015) Education - Let's make learning with technology fun!, Available at:
http://microbit.org/ (Accessed: 19" December 2016).

BBC Micro:bit (2015) Hardware - All the bits and pieces that make up your BBC Micro:bit, Available
at: www.microbit.co.uk/device (Accessed: 3rd October 2016).

Benuzzi, S. Grace, L. (2015) Continuum for Integrating STEM in Teacher Preparation and Induction,
California: California State University.

Bers, M. & Horn, M. (2010) ‘Tangible programming in early childhood: Revisiting developmental
assumptions through new technologies’, High-tech tots: Childhood in a digital world, (pp. 49-
70). Greenwich, Information Age Publishing.

Brennan, K. Resnick, M. (2012) New frameworks for studying and assessing the development of
computational thinking, Vancouver: AERA.

Bruner, J, S. (1978), The role of dialogue in language acquisition, In A, Sinclair. R, J. Jarvelle. and W, J.
M. Levelt. (eds.) The Child's Concept of Language, New York: Springer-Verlag.

Bybee, R. (2013) The Case for STEM Education: Challenges and Opportunities, Virginia: NSTA Press.

CCEA (2007) The Northern Ireland Curriculum Primary, Northern Ireland: CCEA.

Cohen, L. Manion, L. Morrision, K. (2011) Research Methods in Education, 7th edn., Oxon: Routledge.

Copple, C. Bredekamp, S. (2009) Developmentally Appropriate Practice in Early Childhood Programes,
Washington, DC: National Association for the Education of Young Children.

Cordingley, P. Temperley, J. (2005) Leading continuing professional development in school networks:
adding value, securing impact, Nottingham: NCSL.

Davino, C. Fabbris, L. (2013) Survey Data Collection and Integration, Berlin: Springer.

DENI (2010) Success Through STEM - Government STEM Strategy, Belfast: Department of Education.

DENI. DELNI. (2009) Report of the STEM Review - Science Technology Engineering and Maths,
Belfast: Department for Employment and Learning.

DELNI (2015) STEM Careers - Success Through STEM, Belfast: Department for Employment and
Learning.

Delargy, M. (2001) 'How to Learn Science 'Quickly, Pleasantly and Thoroughly", Comenian Thoughts,
82(301), pp. 79-84.

Denscombe, M. (2003) The Good Research Guide, Buckingham: Open University Press.

Denzin, N, K. (2008) The new paradigm dialogues and qualitative inquiry, International Journal of
Qualitative Studies in Education, 21(4), pp. 315-325.

Dewey, J. (1938) Experience and Education, New York: Kappa Delta Pi.

ETINI (2016) Education and Training Inspectorate - April 2016, Northern Ireland: Crown.

ETINI (2013) Education and Training Inspectorate - October 2013, Northern Ireland: Crown.

Flannery, L. Bers, M. (2013) 'Let’s Dance the “Robot Hokey-Pokey!": Children’s Programming
Approaches and Achievement throughout Early Cognitive Development ', Journal of Research
on Technology in Education, 46(1), pp. 81-101.

Fluck, A. Webb, M. Cox, M. Angeli, C. Voogt, J. Zagami, J. (2016) 'Arguing for Computer Science in the
School Curriculum', Educational Technology and Scoiety,19(3), pp. 38-46.

Gibson, W. Hurry, J. (2014) Research Methods: Educational and Social research by Distance Learning,
London: University of London.

37


http://microbit.org/
http://www.microbit.co.uk/device

GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

Glezou, K. (2014) Student Engagement in digital storytelling with Scratch in classroom settings,
Athens: Arsakeio General Senior High School.

Horn, M. S. Crouser, R. J. & Bers, M. U. (2012) ‘Tangible interaction and learning: The case for a
hybrid approach’, Personal and Ubiquitous Computing (special issue on Tangibles and
Children), 16(4), 379-389.

Huang, J. Lin, Y. Chuang, S. (2007) 'Elucidating user behaviour of mobile learning: A perspective of
the extended technology acceptance model', Emerald Insight, 25(5), pp. 585-598 [Online].
Available at: www.emeraldinsight.com/0264-0473.htm (Accessed: 21st December 2016).

Kazakoff, E. Bers, M. (2014) 'Put Your Robot In, Put Your Robot Out', Sequencing through
programming robots in early childhood, 50(4), pp. 553-573.

Kozma, R. (2008) 'Comparative Analysis of Policies for ICT in Education ', International Handbook on
Information Technology in Education, pp. 1083-1096. New York: Springer

Lee, E. (1999) Issues in Education Research: Problems and Possibilities. San Francisco: Jossey-Bass
Publishers.

Lee, I. Martin, F. Denner, J. Coulter, B. Allan, W. Erickson, I. et al. (2011) ‘Computational thinking for
youth in practice’, ACM Inroads, 2(1), 32-37.

Lessing, A. Witt, M. (2007) 'The value of continuous professional development: teachers'
perceptions', South African Journal of Education, 27(1), pp. 53-67.

Mack, N. Woodsong, C. MacQueen, K. Guest, G. Namey, E. (2005) Qualitative Research Methods: A
Data Collectors Field Guide, North Carolina: Family Health International.

Marrow, V. Richards, M. (1996) The Ethics of Social Research with Children: An Overview, New York:
John Wiley & Sons Ltd.

MclLeod, S. (2015) Simply Psychology - Jean Piaget, Available
at: http.//www.simplypsychology.org/piaget.html (Accessed: 26th October 2016).

Munn, P. Drever, E. (1990) Using Questionnaires in Small Scale Research, Edinburgh: SCRE
Publications.

Nicholson, R. H. (1986) Medical Research with Children: Ethics, Law and Practice, Oxford: Oxford
University Press.

O'Kane, M. (2016) Coding in the Northern Ireland Curriculum, Available at: http://www.iteach-
uk.com/coding-in-the-northern-ireland-curriculum (Accessed: 25th October 2016).

Papert, S. (1980) Mindstorms: Children, Computers, and Powerful Ideas, 2nd edn., New York: Basic
Books.

Perry, C. (2015) Coding in Schools, Northern Ireland: Northern Ireland Assembly.

Perry, C. Irwin, B. (2015) Science, Technology, Engineering and Mathematics (STEM) in 2015,
Northern Ireland: Northern Ireland Assembly.

Piaget, J. (1970) Science of education and the psychology of the child, New York: Orion Press.

Piaget, J. Inhelder, B. (1958) The Growth of Logical Thinking from Childhood to Adolescence, London:
Routledge & Keegan Paul.

Pitt, J. (2009) 'Blurring the Boundaries — STEM Education and Education for Sustainable
Development', Design and Technology Education: An International Journal, 14(1), pp. 37-48.

Pring, R. (2000) Philosophy of educational research. London: Continuum.

Richards, J. C. & Schmidt, R. (2002) Longman dictionary of language teaching and applied linguistics,
Third ed. London: Longman

Roberts, A. (2013) 'STEM IS HERE. NOW WHAT?', Technology & Engineering Teacher, 73(1), pp. 22-
27.

Rocks, S. (2016) Creating a legacy for the BBC micro:bit, Available at:
http://www.bbc.co.uk/blogs/aboutthebbc/entries/94c71ec8-6c02-4ce3-b284-2994a3db3b43
(Accessed: 20th December 2016).

Rocks, S. (2016) The BBC micro:bit, Available
at: http://www.bbc.co.uk/programmes/articles/4hVG2BriWI1LKCmw8nSm9WnQ/the-bbc-
micro-bit (Accessed: 3rd January 2016).

38


http://www.emeraldinsight.com/0264-0473.htm
http://www.simplypsychology.org/piaget.html
http://www.iteach-uk.com/coding-in-the-northern-ireland-curriculum
http://www.iteach-uk.com/coding-in-the-northern-ireland-curriculum
http://www.bbc.co.uk/blogs/aboutthebbc/entries/94c71ec8-6c02-4ce3-b284-2994a3db3b43
http://www.bbc.co.uk/programmes/articles/4hVG2Br1W1LKCmw8nSm9WnQ/the-bbc-micro-bit
http://www.bbc.co.uk/programmes/articles/4hVG2Br1W1LKCmw8nSm9WnQ/the-bbc-micro-bit

GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

Schmidt, A. (2016) Increasing Computer Literacy with the BBC micro:bit, University of Stuttgart: IEEE
Cs.

Selwyn, N. Potter, J. Cranmer, S. (2010) Primary Schools and ICT: Learning from Pupil Perspectives,
London: Continuum International Publishing Group.

Sentinus (2015) STEM Careers Booklet, Belfast: Department for Employment and Learning Northern
Ireland.

Tien, L. Roth, V. Kampmeier, J. (2002) 'Implementation of a Peer-Led Team Learning Instructional
Approach in an Undergraduate Organic Chemistry Course', Journal Of Research In Science
Teaching, 39(7), pp. 606-632.

Vanderline, R. Aesart, K. Braak, V, J. (2015) 'Measuring ICT use and contributing conditions in primary
schools', British Journal of Educational Technology, 46(5), pp. 1056-1063.

Vygotsky, L. S. (1978) ‘Mind in society: The development of higher psychological processes’,
Cambridge, Harvard University Press.

Webb, C and Doman, M. (2008) ‘Conducting Focus Groups: Experiences from Nursing Research’, The
Journal for Thematic Dialogue, 1 (1), pp. 51-52.

Webb, M. Fluck, A. Cox, M. Angeli-Valanides, C. Malyn-Smith, J. Voogt, J. & Zagami, J. (2015)
‘Curriculum: Advancing understanding of the roles of computer science/informatics in the
curriculum’. In K. W. Lai (Ed.), EDUsummIT 2015 Summary Report (pp. 61-70). Retrieved from
http://www.curtin.edu.au/edusummit/local/docs/edusummit2015-ebook.pdf (Accessed 23rd
October 2016)

Wellington, J. (2015) Educational Research: Contemporary Issues and Practical Approaches, 2nd
edn., London: Bloomsbury Academic.

Zohrabi, M. (2013) 'Mixed Method Research: Instruments, Validity, Reliability and Reporting
Findings', Theory and Practice in Language Studies, 3(2), pp. 254-262.

39


http://www.curtin.edu.au/edusummit/local/docs/edusummit2015-ebook.pdf

GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

Appendix 1. BBC Micro:bit Technical Details.

Language < Myscripts @ Signin

Create Code tting Startec Pare Hlp Q

16K RAM 16MHz with Bluetooth Low Energy

micro:bit

3Jdigitalianalogue 25 individually  power groundback  accelerometer and compass 20 pin edge connector
inputioutput rings  programmable LEDs  port port

FRONT BACK

Lights

What are the red lights on the front?

The red lights are LEDs (light emitting diodes) and form a 5 x 5 grid. They can be set to on/off and the
brightness can be controlled.

What is the yellow light on the back of the micro:bit?
Itis the status LED. It flashes yellow when the system wants to tell the user that something has happened.

Buttons
What are the buttons for?

Buttons A and B are a form of input. They detect when the button is being pressed. When you press one of the
buttons, it completes an electrical circuit. The BBC micro:bit can detect either of its two buttons being pressed
and un-pressed and be programmed to act on that or send the information to another device.

Button R on the back of the BBC micro:bit is a system button. It has different uses. When you have
downloaded and run your code onto your BBC micro:bit, press Button R to restart and run your program from
the beginning.

When you plug in your BBC micro:bit, it should appear as MICROBIT. If you accidentally hold down the reset
button as you're plugging in your BBC micro:bit, the BBC micro:bit will appear as a MAINTENANCE drive
instead of MICROBIT. This is known as maintenance mode. "

To continue programming your BBC micro:bit YOU MUST unplug your USB and reconnect it. Check that the
drive now shows as MICROBIT.

**Use with caution. If you click on the drive while it shows as MAINTENANCE, you can see which version of
firmware you have running on your BBC micro:bit. Firmware on your micro:bit should be up-to-date already.
You can find the version of firmware in the 'version.txt' file on the micro:bit. Further information on the firmware
can be found here:

/Microbit/#firmware

Compass

Why is there a compass on the BBC micro:bit?

The compass can detect magnetic fields such as the Earth's magnetic field. As the BBC micro:bit has this
compass, it is possible to detect the direction it is moving in. The BBC micro:bit can detect where it is facing
and movement in degrees. This data can be used by the BBC micro:bit in a program or be sent to another

device.
Accelerometer

Why is there an accelerometer on the BBC micro:bit?

There Is a an accelerometer on your BBC micro:bit which detects changes in the micro:bit's speed. It converts
analogue information into digital form that can be used in BBC micro:bit programs. Output is in milli-g. The
device will also detect a small number of standard actions e.g. shake, tilt and free-fall.

PINS

What are the rings labelled 0, 1, 2 on the bottom edge of the BBC
micro:bit?

These are labels for the input/output pins PO, P1, P2, which you can attach external sensors to such as
or moisture . The pins can be a form of input or output. You can read more about large
and small pins here.

How do | connect the BBC micro:bit to my computer?

It can be connected to your computer or device with a micro USB. Data can be sent and received between the
BBC micro:bit and the sop can be from and Macs onto the micro:bit
via this USB data connection. You can read more information on how to run scripts on your BBC micro:bit here,
and about the error messages you might get here.

Batteries
How do | power my BBC micro:bit?

When your BBC micro:bit is connected to your computer with the micro USB, it doesn't need another power
source. When your BBC micro:bit isn't connected to your computer, tablet or mobile, you will need 2 x AAA 1.5
V batteries to power it.

3V GND
What are the rings labelled 3V and GND?

The pins labelled 3V and GND are the power supply pins. You can attach an external device such as a motor to
these and power it using the battery or USB.

40



GIBSON & BRADLEY: A STUDY OF NORTHERN IRELAND KEY STAGE 2 PUPILS’ PERCEPTIONS OF USING
THE BBC MICRO:BIT IN STEM EDUCATION

Bluetooth

What is a Bluetooth Low Energy Antenna?

You will see this labelled BLE ANNTENA on the back of your BBC micro:bit. It is for a messaging service, built
for the Internet of Things so that devices can talk to each other. The BBC micro:bit is a peripheral device which
can talk to a central device like a smart phone or tablet that has Bluetooth Low Energy (BLE). The BBC
micro:bit can send signals and receive signals from a central device so another BLE device can control the BBC
micro:bit or the micro:bit can control another BLE device.

What is Bluetooth Low Energy?

Bluetooth wireless was ped as an ive to data cables and allowed wireless
communication between devices such as PCs, smartphones and tablets. Bluetooth® Smart or Bluetooth Low
Energy is a power-friendly version of Bluetooth wireless technology.

What is the Internet of Things?

The Internet of Things (IoT) was first talked about more than 15 years ago, when it was speculated that objects
and people would be able to connect wirelessly over the internet. Objects can be detected and controlled
remotely, allowing greater integration between the physical and computer based world. It will let you to
remotely control your alarm system, thermostat or lights in your home. It has many applications in different
fields including manufacturing, health and fitness, consumer electronics and the home.

Technical Information

The BBC micro:bit has been designed to be a bare-board micro controller for use by children aged 11- 12 Itis
an open development system and we have enabled so that users can interrogate the
device.

The device has been through extensive safety and compliance testing to the following standards:

Safety

IEC 60950-1:2005 (Second Edition) + Am 1:2009 + Am 2:2013
EMC

EN 55032: 2012

EN 55024: 2010

EN 55022:2010

EN 301 489-1 V1.9.2 (2011-09)

EN 301 489-17 V2.2.1 (2012-09)

Radio Spectrum

ETSI EN 300 328 V1.9.1 (2015-02)

BEE

@ Bluetooth ®Smart antenna 32-bit ARM ®Cortex™M0 CPU Micro USB connector
o ki ® 16K RAM 16MHz with Bluetooth Low Energy
micro:bit

5cm

T battery connector

4cm B
B s ©
2 programmable ‘ s pRoCEssOR
buttons | v ] h . ! ACCELEROMETER

micro:bit
® ©

3 digital/analogue 25individually ~ power ground back accelerometer and compass 20 pin edge connector
input/output rings programmable LEDs port port

FRONT BACK

Sourced from, BBC Micro:bit (2015) https://www.microbit.co.uk/device
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