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Abstract
This paper describes an innovative programme ‘C24M2 : Creative Coding for Math’s Makers’, in an
undergraduate concurrent teacher education degree programme. Using the Makerspace in a University
setting, the programme fostered a culture of creativity and innovation through combining mathematics and
the more widely recognized STEM subjects. In addressing the challenge of preparing teachers effectively
to teach key STEM areas, such as computational thinking, in an engaging and effective way, this paper
describes a maker-design and structure, integrating physics with computer coding, to address the challenge
in preparing student teachers of mathematics. The paper aims to validate and explore the pre-service
teachers’ perceptions of computer science and demonstrates the potential of maker-centred learning as a
powerful context for promoting and enhancing STEM education, both amongst pupils and pre-service
teachers. This paper examines if the design of the C24M2 fosters a positive attitude towards computing for
this set of pre-service teachers. The research conducted addresses the salient issues in sustaining and
integrating maker-centred learning more widely and systematically within education, particularly the need
to support teacher professional development in maker-centred learning to mediate sustainable, high impact
learning in schools and other educational settings.
Key words: Teacher Education, Coding, Computational Thinking

Introduction
In his seminal work ‘The Process of Education’ Bruner wrote “If it cannot change, move, perturb, inform
teachers, it will have no effect on those they teach. It must first and foremost be a curriculum for teachers.
If it has any effect on pupils, it will have it by virtue of having effect on teachers.” (Bruner, 1996, p. xv).
This philosophy underpins the innovative programme ‘C24M2 : Creative Coding for Math’s Makers’ as an
approach to increase awareness and improve perceptions of computer science education and computational
thinking teaching and learning opportunities amongst pre-service teachers of mathematics.
This project is particularly timely as a national Computer Science curriculum is being introduced to all
schools. The introduction of Computer Science (CS) at Senior Cycle, along with the introduction of coding
at primary level will change the way schools in this jurisdiction approach computing and information
technology – replacing the idea of IT literacy and passive consumers of computing with innovators, creators
and designers. The Senior Cycle Computer Science curriculum supports the use of a wide range of teaching
and learning approaches to encourage students develop the knowledge, skills, attitudes, and values that will
enable them to become independent learners and develop a lifelong commitment to improving their
learning. However, while there is currently significant investment by government and the development of
a curriculum for Computer Science, the teacher education piece of the provision remains largely
underdeveloped.
The engagement of teachers in computer science and computational thinking (CT) professional
development – especially through innovative, high-potential approaches, such as makerspace – has by
contrast been problematically overlooked. The Creative Coding for Math’s Makers programme therefore –
although at a formative and incipient stage in its development – helps to address this gap, demonstrating
key findings to guide and inform future research and the design of teacher PD. The programme also fostered
and enabled a partnership with schools in the city and region, and therefore enhancing the schoolchildren’s
experience of computing and computational thinking. Positive transformations of computational thinking
and computing concepts in the makerspace is a hopeful outcome of this programme. Developing a mindset
of positivity, perseverance and practicality were concepts underpinning the design of the Creative Coding
for Math’s Makers programme and which also align with those of Makerspace (Martin, 2015).
This paper is organized into six sections. The first section, after the Introduction, gives an overview of the
related literature, briefly exploring computational thinking, mathematical thinking and computational
thinking integration in pre-service teacher education. The third section analyses the context of the research,
the Makerspace facility and those who participated in the study. In the fourth section the methodology is
presented, the framework, timeline and the data gathering process. The results are presented in the fifth
section and our conclusions are drawn in the final section of the paper.

1. Literature Review
In Ireland currently, just over twenty years since the publication of the first official policy document for
educational technology in schools (DES, 1997), there are exciting developments happening in the space of
syllabus and system change to give a proper, official status of Computer Science education and
computational thinking in the state-approved Irish school curriculum. The syllabus is now extant, and the
government is matching this seminal and historic development with substantial public funding.
Ensuring teacher education programmes support the development of pre-service teachers to achieve the
goal of creative and engaging CS education is imperative, and Ireland is very much in the formative stages
of conceptualizing and designing teacher education in this space. The research reported here is at the frontier
in exploring how teacher education in computational thinking might be best designed and deployed within
the Irish educational system.
The aim of “C24M2: Creative Coding for Math’s Makers” was to integrate mathematical and programming
concepts, with a specific focus on encouraging computational thinking amongst our student teachers. The
participants of the programme were students of the Bachelor of Arts, Mathematics and Education (BME)
programme at the University – an undergraduate concurrent initial teacher education degree programme.
This BA Mathematics and Education programme qualifies teachers at post-primary level in mathematics
and applied mathematics, who are also fully qualified mathematicians. The aim in introducing
computational thinking concepts in a maker-designed initiative for the pre-service teachers forms valued
insight and exposes the student teachers to the discipline of Computer Science and develops cross curricular
thinking.
1.1. Computational Thinking
From the beginning in the mid 60’s, in Computer Science, the emphasis in teaching was put on algorithms
and algorithmic thinking as the main components. Algorithmic problem solving was the term given to the

systematic development of a computer solution for a problem, covering the entire process of designing and
implementation. A much wider view on computing competencies was then proposed by Jeannette Wing in
her seminal work on computational thinking (Wing, 2006) – which extends algorithmic thinking and
fluency in working with information technology to competencies which are built “on the power and limits
of computing processes, whether they are executed by a human or by a machine.”
CT is a fundamental skill useful for diverse subjects and can be promoted through various approaches and
tools. Computational thinking (CT) uses cognitive processes that are useful across school subjects and also
in the real world, where problems are often ill defined (Cuny, Snyder, & Wing, 2010). Proposed by
Jeannette Wing in her seminal work on computational thinking (Wing, 2006), computational thinking
extends algorithmic thinking and fluency in working with information technology to competencies which
are built “on the power and limits of computing processes, whether they are executed by a human or by a
machine” (Wing, 2006). In regard to conceptual development, Computational thinking, is required to
engage in decomposition of the problem, activities such as abstraction, algorithmic design, debugging,
iteration, and generalization.
Resnick and Robinson emphasized the importance of learners developing as computational creators
(Resnick & Robinson, 2017) and found that computational fluency involves not only an understanding of
computational concepts and problem-solving strategies, but also the ability to create and embed digital
technologies. Computational fluency benefits learners as well as educators and in a rapidly globalizing
world where these are skills will help citizens understand and appreciate more their geographical, social,
cultural and economic contexts (Resnick & Robinson, 2017).
1.2.

Mathematical Thinking

Mathematics fundamentally hones the power of reasoning and problem solving. In technology-rich
mathematics education, mathematics teachers experience related challenges in fostering mathematical and
computational thinking evidenced in the revised curricula and curriculum reform. The framework used by
PISA shows that mathematical literacy involves many components of mathematical thinking, including
reasoning, modelling and making connections between ideas (PISA, 2006). Therefore, mathematical
thinking is vital because it equips students with the ability to use mathematics. NRICH declares “Exploring,
questioning, working systematically, visualizing, conjecturing, explaining, generalizing, justifying,
proving... are all at the heart of mathematical thinking” (NRICH, 2019). Mathematical thinking involves
the application of math skills to solve math problems, such as equations and functions (Sneider, Stephenson,
Schafer, & Flick, 2014). One can think mathematically and learn to think mathematically (Mason, Burton,
& Stacey, 2011). It is provoked by contradiction, tension and surprise and supported by an atmosphere of
questioning, challenging and reflecting. Importantly Mathematical Thinking helps in understanding oneself
and the world (Mason et al., 2011).
Mathematics is closely linked to Computational Thinking as it involves pattern recognition of problem
structures and variables that can be instantiated with different values, such as decomposition, to enable
modularity and easier problem-solving; algorithm design, due to its emphasis on logical reasoning and
generalization, i.e. from multiple examples to formulation of principles. Weintrop et al explored the benefit
of CT in mathematics “The thoughtful use of computational tools and skillsets can deepen learning of
mathematics and science content” (Weintrop et al., 2016)
1.3.

Computational Thinking in Teacher Education

In order for computational thinking to be part of every student’s education, initial teacher education
programmes at University should include a class on computational thinking across the disciplines (Barr &
Stephenson, 2011).
In many countries the focus of computer science education at post-primary level has shifted from computer
and ICT applications towards a more rigorous academic discipline (Bell, Andreae, & Lambert, 2010; Brown
et al., 2013; Hubwieser, 2012). The alternative for countries still to adopt a national CS curriculum has
resulted in the integration of computational thinking in pre-service teacher education, which has been varied
and different. Aligned to this, the literature on embedding computational thinking in pre-service teacher
programmes and ultimately in their future classrooms has been somewhat limited (Yadav, Mayfield, Zhou,
Hambrusch, & Korb, 2014).
A study by Prieto-Rodriguez and Berretta focused on the students thinking about the nature of computer
science and whether their perceptions about computer science change after such a workshop (Prietorodriguez & Berretta, 2014). Their results demonstrated that there is positive impact on pre-service teacher
skills regarding perceptions of computer science, when they are connected to the skills and resources needed
to teach computer science and computational thinking concepts.
Yadav et al. (2014) introduced pre-service teachers to computational thinking through a one-week module
in an introductory educational psychology course and then explored how to embed computational thinking

in the K-12 classroom (Yadav et al., 2014). In examining the effectiveness of the module on preservice
teacher’s definition of computational thinking as well as the student teacher ability to embed CT in future
classrooms, the results suggested that pre-service teachers who were exposed to the modules were
significantly more likely to accurately define computational thinking. Results also demonstrated that the
pre-service teachers were more likely to agree with CT being implemented in classrooms by allowing
students to problem-solve in a plugged and unplugged environment.

2. Context of Study
Ní Ríordáin and Hannigan published a report in 2009 concluding that 48% of the 324 mathematics teachers
in Ireland surveyed did not have a mathematics teaching qualification (Ní Ríordáin & Hannigan, 2009).
Further research suggested that teachers were “assigned by school administrators to teach subjects which
do not match their training or education” (Ní Ríordáin & Hannigan, 2011). At the time of its introduction,
this concurrent initial teacher education degree programme represented the first and only teacher education
degree programme to focus in such a deep and specialized manner on the mathematical sciences. The BA
Mathematics and Education programme was designed to address the identified need in Irish education for
excellent teachers of Mathematics and Applied Mathematics in schools. The programme has now for almost
a decade made a very significant contribution – at source – to the stream of new mathematics teachers
entering the profession in Ireland every year. As well as secondary teachers recognized by the Teaching
Council, graduates of the BA Mathematics and Education are highly qualified mathematicians, educated
beyond the requirements of the Leaving Certificate Honors Level Mathematics/Applied Mathematics.
The rationale for introducing computational thinking development and computer science concepts as an
addition to the BA Mathematics and Education students, is to address recent educational developments,
specifically the introduction of the Computer Science Senior Cycle curriculum and to harness the close
conceptual relationship between Computer Science and Mathematics. It is therefore timely to consider the
integration of computing concepts within the BA Mathematics and Education model and enhancing the preservice teacher’s education.
2.1.

The Makerspace Facility

The importance of the social setting to cultivate and to engage in higher-order thinking and problem-solving
cannot be stressed enough (Resinck, 1987). The need for a productive learning environment that is safe and
orderly is one of the most consistent findings in educational research (Doyle, 1986; Emmer, Everston, &
Worsham, 2003; Evertson, Emmer, & Worsham, 2003).
The library at the university provides a Makerspace facility accessible to students, fostering a culture of
creativity and innovation. Such exposure and experience is of value to pre-service teachers as it replicates
life in a STEM industry and exposes them to technologies and tools which facilitate collaborative learning,
essential to encourage creativity, problem solving and critical thinking. Makerspaces offer the potential for
educational reform and the collaborative nature of the sessions is in line with literature on effective practices
for professional development (Kennedy, 1999). Creating makerspaces for learning and invention can help
students grow and subsequently enhance their potential. The ability to utilize tools and develop new skills
to create objects (products) is important for the twenty first century learner and a valued skill (DES, 2016;
NCCA, 2009, 2017).
2.2.

Participants

The pre-service student teachers who participated in the C24M2 : Creative Coding for Math’s Makers were
volunteers. While using volunteers may skew a sample towards those who are naturally more confident,
motivated, able, focused and assertive (Cohen, Mannion, & Morrison, 2000), this was deemed most
suitable. There are undoubtedly gains for the students in taking part in this type of research, which may not
be immediately apparent, but students coerced into participation would not be likely to contribute a genuine
picture of their views and computational competencies. Furthermore, this would be a purposive sample to
enable the researchers to gain a first insight into how maker-centered education could be designed within
teacher education more broadly in Ireland.
A choice with regard to the size of the group was “…struck between the group being too small for
interactive study or too large thus preventing all group members from participating in the discussion”
(Ginsburg, 1981). In this case it was decided to ask all the class participate, and all pre-service student
teachers in their third year of a four-year degree programme participated. All students were pre-service
teachers, completing the BA Mathematics and Education programme.

3. Research Design

The design of the C24M2 : Creative Coding for Math’s Makers programme addresses a key challenge for
mathematics and computing and ultimately education in Ireland. The introduction of coding in schools and
the new Computer Science Leaving Certificate present a landmark opportunity for STEM advancement in
Ireland; however, there is the challenge now to prepare teachers properly to teach these key STEM areas in
an engaging and effective way.
The research questions being addressed in this research are: Can preservice teachers improve their
computing attitude after completing Creative Coding for Math’s Makers? Can preservice teachers improve
their efficacy by using C24M2? Can preservice teachers improve their Mindset upon completion of Creative
Coding for Math’s Makers?
The research was broken into three identifiable phases, as shown in Figure 1. The Exploratory Phase of the
research was initiated at the start of the academic year and consisted of a detailed, systematic literature
review, concentrating on the areas of higher education and Makerspace in initial teacher education, with
specific emphasis on computer science. This provided a context from the analysis of learning strategies,
constructivism, educational design and facilitating computational thinking for mathematics students in a
Maker environment and thus the Creative Coding for Math’s Makers programme. The data collection and
evaluation were conducted after the evaluation cycle. Following this collection, reflection and discussion
on the programme was conducted.

Figure 1: High level overview of reserach structure for C24M2

3.1.

C24M2 Structure

The timescale for this study was designed to accommodate the pre-service teacher semester and their
academic framework. Research demonstrates how to incorporate computational thinking into classrooms
and the evidence shows that project-based approaches are the best path to fluency across many disciplines
(Csizmadia et al., 2015; Curzon & McOwan, 2017; NRC, 2010; Resnick & Robinson, 2017; Yadav, Gretter,
Good, & McLean, 2017). The C24M2 programme therefore was incorporated into the semester and
academic module structure, therefore the pre-service teacher students did not have to attend additional
classes, as shown in Table 1. The programme structure was originally planned for eight weeks, however
due to external timetabling challenged the programme was reduced to seven weeks.
The first week involved the pre-service teachers being introduced to the technology. In this first week it
was envisaged that the third-year cohort of pre-service teachers would experience the Makerspace as if they
were students. Their experiences and perceptions as makerspace learners and makerspace teachers would
be valuable. In the second week of the programme, the students were allocated into groups to research,
develop and design two activity-based lessons using the Makerspace facilities. The following week the
class visited the onsite University Computer Museum to contextualize the technology evolution and
understand more fully how computing and technology has advanced. During the next week, week 5 of
semester, the third-year pre-service teachers conducted this Makerspace lessons to their more junior
colleagues in first and second year of the same degree programme. This lesson gave the students the
opportunity to practice their lesson, again to review their experiences as makerspace learners, and
makerspace teachers. During the fifth and sixth classes of the C24M2 programme, students from a local
primary school were invited to attend. These school children were divided into groups for the two-hour
session. During the last three sessions the pre-service teachers taught a slightly more advanced lesson to
post-primary school children. The school invited were from a local primary school, an all-girls school who
had very limited experience to technology or a Makerspace environment prior to this project.

Semester

C24M2

Activity

Week 3

1st class

2hrs

3BME

Fri. Feb.
2nd

Week 4

2nd class

2hrs

3BME

Fri. Feb.
9th

Week 5

3rd class

3BME students are introduced to the
technology equipment and scope of
the facilities at the MakerSpace
Student teachers will be allocated in
groups to research, develop and
design tow activity-based lessons
using the MakerSpace facilities
Student visit the computer museum

2hrs

3BME

Week 5

4th class

3hrs

2BME,
1BME

Week 6

5th class

The 3BME students teach both of
their MakerSpace lessons to other
undergraduate students
Delivery of Lesson 1 – Primary

Wed.
Feb. 14th
Fri. Feb.
16th

2hrs

Week 7

6th class

Delivery of Lesson 2 – Primary

2hrs

Week 7

7th class

Delivery of Lesson 1 – Secondary

2hrs

Week 8

8th class

Delivery of Lesson 2 – Secondary

2hrs

Week 8

9th class

Delivery of Lesson 3 – Secondary

2hrs

Primary
school
children
Primary
school
children
Secondary
school
children
Secondary
school
children
Secondary
school
children

Duration

Participants

Date

Fri. Feb.
23rd
Fri.
March 9th
Fri.
March 9th
Tues.
March
13th
Wed.
March
14th

Table 1: Outline for C24M2, Creative Coding for Maths Makers

3.2.

Data Gathering

A questionnaire method was chosen as the best way to accumulate data from the participants. The aim of
the questionnaire administrated was to obtain information which could be analyzed, patterns extracted and
comparisons made regarding mindset, perceptions of computing attitudes, mindset and understanding of
computer science. The main advantages to this form of research is that questionnaires are often more
economical that other data generation methods.
In order to get a full picture of the pre-service teacher perceptions of computational thinking and computer,
it is essential that opinions from the entire student cohort were examined. This relatively substantial amount
of data can be generated for relatively low costs of materials and time when using questionnaires. The use
of predefined answers (as in closed questions) makes questionnaires easy for respondents to complete and
easy for researchers to analyze (Oates, 2006).
The Creative Coding for Math’s Makers’ questionnaire was developed to gather background information
from the pre-service teachers. The evaluation tool used in this study was based on validated questionnaires,
the Computer Anxiety and Learning Measure (CALM), fixed or growth mindset and Computing Attitudes
Survey and the three areas were examined (Dweck, 2006; McInereny, 1997; Yadav et al., 2014).
The CALM model was developed using an abridged form of the original Computer Anxiety Rating Scale
(CARS-R) and the Computer Thoughts Survey (CTS) both designed by Rosen, Sears and Weil, (Rosen,
Sears, & Weil, 1987). As computer anxiety is a situation-specific anxiety, it was felt that the integration of
pre-existing instruments relating to test anxiety were best to incorporated in the CALM model (Sarason,
1991; Spielberger, 1975a, 1975b). The teacher efficacy beliefs were measured with a modified version of
the Teacher Efficacy Scale by Gibson and Dembo (1984). This measure consists of two factors: 1) teachers’
beliefs in their personal teaching abilities to embed computational thinking, and 2) their general beliefs
about the impact that teachers can have on student understanding of computational thinking (Gibson &
Dembo, 1984).
Based on the work by Carol Dweck, we explored the pre-service teachers belief on whether they had a fixed
and growth mindset (Dweck, 2006). In a fixed mindset, people believe their basic qualities, like their
intelligence or talent, are simply fixed traits. In a growth mindset, people believe that their most basic
abilities can be developed through dedication and hard work—brains and talent are just the starting point
and this view creates a love of learning and a resilience that is essential in the Makerspace learning

environment.
Thirdly, in order to examine preservice teachers’ attitudes towards computing, we used the previously
validated, Computing Attitudes Survey used to examine preservice teachers’ understanding of CT, comfort
and interest with CT and computer science, view of using computational thinking in their future classrooms,
and view of how computational thinking will influence their future career (Yadav et al., 2014).
It has been regarded that reflection is a means to investigate practice and of theorizing about it (Schön,
1991). Schön distinguishes between ‘reflection-in-action’ involving for the most part situated knowledge
as the practitioner struggles with the unfamiliar and ‘reflection-on-action’ requiring consideration of what
the practitioner has done which he/she regards as fundamental to learning to teach. Schön encourages a
reflective attitude in educationalists and expects them to investigate continuously their practice, which is
an ongoing cycle and serves as a basis for professional development. It is necessary therefore for the preservice teachers to think about the underlying explanations of the experience, reflect upon that experience
and make an action plan for the future, in light of past experience. As with all pre-service teacher training
our students competed lesson plans and reflections after each class and this qualitative feedback was
invaluable.
The data collected allowed the researchers to observe a makerspace experience from multiple perspectives
thereby, providing insight into the use of makerspaces for preservice teacher training and within the
educational setting as a whole. The results from the questionnaire and the reflections are presented in the
following section.

4. Data Analysis and Discussion
The third-year pre-service mathematics and applied mathematics teachers were surveyed prior to the
Makerspace engagement and a post-questionnaire was administered at the end of the Creative Coding for
Math’s Makers seven-week experience. The questionnaire explored their Computer Anxiety and Learning
Measure (CALM) (McInereny, 1997), their mindset (Dweck, 2006) along with their perceptions of
Computer Science in the Computing Attitudes Survey, adapted from Yadav et al (2014). The student
reflections of the programme were also gathered and qualitative answers analyzed.
This section presents data indicating the student teachers’ perceptions of computing in regard to the
Creative Coding for Math’s Makers programme. The statistics present data gathered for students responding
to each rating across the thirty items for the three sections in the questionnaire. The pre- and postquestionnaire results are presented in tabular form, quotes and boxplots. Boxplots are used to summarize
information about the shape, dispersion, and center of the data and are useful in comparing the distribution
of scores on variables.
4.1.

RQ1, Computing Attitude

Post

Pre

First, a descriptive analysis of the results obtained is shown. Table 2 shows the minimum, maximum value,
the mean and the standard deviation of each test (pre and post). The results show that there are significant
results in the results in the post-test. The minimum, maximum and mean values increase remarkably in the
post-test results, although the dispersion increases.
Min

(n=5)
Max

Mean

SD

2,385

3,077

2,785

0,279

2,462

3,231

2,985

0,319

Table 2: Means and Standard deviation computin attitude survey

Figure 2 shows the boxplots of the results in the evaluation of Computing Attitude in regard to the Creative
Coding for Math’s Makers programme in terms of pre- and post-test. Each box is delimited by the values
Q1 (first quartile) and Q3 (third quartile). Each box groups 50% of the cases, highlighting the median. The
lowest and highest value at the end of each diagram correspond to the values that are not less than Q1-1.5
· (Q3-Q1) and are not greater than Q3 + 1.5 · (Q3-Q1).

Figure 2: Boxblots for the group of students in pre and post-tests in Computing Attitude

Comparing the pre-test with the post-test, after analyzing the data, normality can be concluded for the study
group (obtaining p> 0.05 significance using the Shapiro-Wilk test), allowing us to use the t-Student test for
paired samples (p> 0.05 using bivariate correlation tests). In this test, it has been assumed that the null
hypothesis can be established, since there are no differences between the means. Therefore, a p-value
greater than 0.05 will reveal homogeneity in the samples.
As a result, Table 3 shows the difference between the pre-test and the post-test in the Computing Attitude
Survey and study. Therefore, it is deduced that the students had an improvement in the test scores when
following the course planning (p = 0.240), although not significant. According to these results, the students
achieved an improvement, although not significant in their computing attitude survey.
Computing Attitude Survey

t test analysis
-0,200

p-value
0,240

Table 3: Study using t-student and p-value analysis

4.2.

RQ2, Efficacy

Post

Pre

First a descriptive analysis of the results obtained are shown. Table 4 shows the minimum, maximum
values, the mean and standard deviation of each test (pre and post.) The results show that there are
significant results in the results in the post-test. The minimum, maximum and mean values increase
remarkably in the post-test results, in addition the dispersion decreases.
Min

(n=5)
Max

Media

SD

4,500

5,500

5,033

0,431

4.833

5,667

5,233

0,346

Table 4: Mean and typical deviation in the Efficacy tests

Figure 3 shows the boxplots of the results in the evaluation of the pre- and post-test. Each box is delimited
by the values Q1 (first quartile) and Q3 (third quartile). Each box groups 50% of the cases, highlighting the
median. The lowest and highest value at the end of each diagram correspond to the values that are not less
than Q1-1.5 · (Q3-Q1) and are not greater than Q3 + 1.5 · (Q3-Q1).

Figure 3: Boxplots for the group of students in pre and post-tests for Efficacy

Comparing the pre-test with the post-test, after analyzing the data, normality can be concluded for the study
group (obtaining p> 0.05 significance using the Shapiro-Wilk test), allowing us to use the t-Student test for
paired samples (p> 0.05 using bivariate correlation tests). In this test, it has been assumed that the null
hypothesis can be established, since there are no differences between the means. Therefore, a p-value
greater than 0.05 will reveal homogeneity in the samples. As a result, Table 5 shows the difference between
the pre-test and the post-test in the study of improvement in basic programming knowledge and the preservice teacher efficacy.
t test analysis
-0,200

Efficacy

p-value
0,284

Table 5: Study using t-student and p=value analysis

Therefore, it is deduced that the students had an improvement in the test scores when following the course
planning, although it was not significant (p = 0.284). According to these results, the students achieved an
improvement in their perception of Efficacy, although it is not significant.
4.3.

RQ3, Mindset

First a descriptive analysis of the results obtained are shown. Table 6 show the minimum, maximum values,
the mean and standard deviation of each test (pre and post.) The results show that there are significant
results in the results in the post-test. The minimum, maximum and mean values increase remarkably in the
post-test results, although the dispersion increases.

Post

Pre

Table 6. Mean and typical deviation in the Mindset
(n=6)
Min

Max

Media

SD

3,500

4,375

3,896

0,290

3.000

4,375

3,771

0,567

Table 6: Mean and typical deviation in the Mindset

Figure 4 shows the boxplots of the results in the evaluation in the pre- and post-test. Each box is delimited
by the values Q1 (first quartile) and Q3 (third quartile). Each box groups 50% of the cases, highlighting the
median. The lowest and highest value at the end of each diagram correspond to the values that are not less
than Q1-1.5 · (Q3-Q1) and are not greater than Q3 + 1.5 · (Q3-Q1).

Figure 4: Box-plots for the group of students in pre and post-tests for Mindset

Comparing the pre-test with the post-test, after analyzing the data, normality can be concluded for the study
group (obtaining p> 0.05 significance using the Shapiro-Wilk test), allowing us to use the t-Student test for
paired samples (p> 0.05 using bivariate correlation tests). In this test, it has been assumed that the null
hypothesis can be established, since there are no differences between the means. Therefore, a p-value
greater than 0.05 will reveal homogeneity in the samples. As a result, Table 7 shows the difference between
the pre-test and the post-test in the study of improvement in basic programming knowledge. Therefore, it
is deduced that the students had an improvement in the test scores when following the course planning,
although it was not significant (p = 0.542). According to these results, the students achieved an
improvement in their perception of Efficacy, although it is not significant.
Mindset

t test analysis
0,125

p-value
0,542

Table 4: Study using t-student and p-value analysis

4.5.

Discussion

In regard to their perceptions of Computer Science in the Computing Attitudes Survey, adapted from Yadav
et al, the pre-service student teachers were asked “What perceptions do you have of computer science as a
discipline and as a professional field?” (Yadav et al., 2014). Our research question was concerned if the
pre-service teachers could improve their “Computing attitude” by using Code for Math Makers? According
to the survey results, the students achieved an improvement, although not statistically significant in their
computing attitude survey. The answers submitted exposed the encouraging involvement the pre-service
teachers experienced in the C24M2 programme and their exposure to the Makerspace environment, stating
that the experience was “Very relatable to math’s and real life”(Pre-service student teacher A reflection)
“Interesting and involves a lot of Math’s.”(Pre-service student teacher B reflection) “Constantly growing,
has its own language, interacts with many other disciplines”(Pre-service student teacher F reflection, March
23, 2018)
The second research enquired if the preservice teachers improve their “Efficacy”. The teacher efficacy
beliefs section of the questionnaire (McInereny, 1997) explored the pre-service teacher belief; when asked
which skills used by computer scientists are important for students to learn. The two factors in this measure
were firstly the pre-service teachers’ beliefs in their personal teaching abilities to embed computational
thinking, and secondly their general beliefs about the impact that teachers can have on student
understanding of computational thinking. The results indicate that the students achieved an improvement
in their perception of Efficacy, although it is not significant. The answers in the pre-questionnaire only
mention coding, however the results from the post-questionnaire show a greater awareness of problem
solving, critical thinking, creativity skills along with communication and the more technical elements such
as algorithms and coding. The self-efficacy results demonstrate that the pre-service teacher belief in their
personal teaching abilities to embed computational thinking improved significantly mindset upon
completion of the C24M2 programme.
The last research question was concerned with the pre-service teacher mindset (Dweck, 2006) improvement
through the C24M2 programme. Again the results indicate that the students achieved an improvement in
mindset, with results showing a positive correlation with growth mindset after their experience at the

Makerspace with all students selecting a more positive affirmation on their ability and learning. However
the quantitative results from the questionnaire do not indicate although it is not statistically significant
improvement.
In addition, each of the students were asked to reflect on their learning during the programme. In the
qualitative feedback gathered from lesson plan reflections, the evidence of the student learning is evident.
For example, the reflections of the lesson emphasized the importance of context in the Makerspace
environment “With regards to our individual workshops I feel that overall they went well, and students
were interested. If I were to conduct them again, I would highlight more the programming language and
how it relates to coding as sometimes the students were slightly confused as to why they were playing it.”
(Pre-service student teacher C reflection).
Pre-service teacher, teacher E, in her final lesson evaluation referenced the work of Ian Sadler, highlighting
the increased confidence which the Creative Coding for Math’s Makers programme instilled in her: “Over
the past few weeks we built the confidence and subject knowledge on the topic of Math’s and Coding. This
was reflected in our presentation of our final lesson. We learned that in order to successfully teach a topic
it is important that you fully understand and are confident about it. Your passion for the subject should be
clear through your pedagogical skills. Ian Sadler’s 2013 study concludes; “confidence was regularly
described in relation to an individual’s perceived content and pedagogical knowledge, however, often it
was content knowledge that appeared to predominate […] the main influence of this greater level of
confidence upon development was that it was often described in conjunction with taking risks and trying
out new ways of teaching” (Sadler, 2013). With this particular topic of Math’s and Coding, we as teachers
challenged ourselves and took a risk on teaching material that was out of our comfort zone. Thankfully this
risk paid off and we can all agree that we enjoyed this experience and will most definitely include it in
future teachings.” (Pre-service student teacher E reflection).
Lifelong learning of teachers is paramount in helping to promote and advance better-quality educational
opportunities and education systems internationally. Indeed, when we speak or write today about teacher
education, we more frequently refer to it as characterized by a continuum, acknowledging the potential
change and diversity in learning experiences at different points in a teaching career. The results presented
from the pre and post questionnaires reflect development in understanding and provide evidence of the
importance of the Creative Coding for Math’s Makers programme for the pre-service teachers and for the
continued development of the teacher as a learner. Fostering a maker-mindset to integrate mathematics and
computer science in cross curricular activities, in the transition from insight of computational thinking, to
practical design and development – understanding was developed and is reflected in student responses and
the results as are presented.
The results from the Computing Attitudes Survey as well as the pre-service teacher reflections would
indicate that the design of the C24M2 fostered a somewhat positive attitude towards computing science for
the pre-service teachers. The nature of learning computer programming creates the need to make the
relationship between the code and output explicit (Kingsley-Hughes & Kingsley-Hughes, 2005) but
students often lose the psychological connection between the two. The contents, principles, rules and
procedures that students learn are organized to make sense of the world and the Makerspace environment
facilitated the students to create mental models and to learn. When asked what they would do different next
time, one of the pre-service groups responded: “In order to grasp all students interest in the visit to the
maker space we feel that we should have completed the research activity prior to their visit as then they
may have appreciated it more and been capable of asking questions to the expert when they had the chance”
(Pre-service student teacher D reflection)

5. Conclusion
Computer science and computational thinking are among the most important areas of learning for young
people today. We live now in a highly mediated and networked world – where technology is ubiquitous. In
this new and emerging, complex global context, Makerspace provides a uniquely creative and
constructionist environment in which to develop the critical disciplines of CS and CT for the 21st Century.
Crucially, Makerspace affords highly interactive, hands-on education, which enables learners to design,
evaluate, iterate and reflect – moving them from being mere consumers of technology to creators with
technology.
Firstly and foundationally, C24M2 has established and illustrated the significant potential of maker-centred
education as a technology-enhanced learning environment to augment the confidence and competence of
teachers in areas cognate to CS education – in this case mathematics – to teach engagingly and effectively
in computational thinking. The experience of piloting and developing the “Creative Coding for Math’s
Makers” project with the pre-service mathematics education teachers has shown us how engaging them in
maker-centered approaches to mathematics has enhanced overall their growth mindset, confidence and

general capacity as educators, providing them with a whole new set of tools to augment their engagement
with their pupils, and potentially to do so drawing powerful cross-curricular links between their ‘home’
subjects of mathematics and applied mathematics, and the key related domains of computer science and
computational thinking.
Furthermore, the data and research reported here strongly illustrate the high-potential of the ‘teacher-aslearner’ as a fruitful methodology for developing and designing teacher PD, especially when computational
thinking is not the pre-service teachers’ primary subject discipline. Adopting this ‘teacher-as-learner’
approach within makerspace enabled us to support the pre-service teachers’ nascent and emerging skills in
computer science or computational thinking, which then overall enhanced their capacity to teach these
subject areas engagingly and effectively, and is of value for teacher educators and faculty in programme
design in initial teacher education.
While further research will be undertaken in the next academic year, the findings of this exploratory,
frontier study in the Irish context has shown significant promise and will inform ensuing iterations of
C24M2. Building from the affirming experience of the first deployment reported here, we will now scale
and extend the programme, with the aim to inform and shape further the design of teacher professional
development, not only for computational thinking education in Ireland, but also potentially for international
contexts and educational settings, where computer science and computational thinking are being deployed
to enhance young people’s and teachers’ growth mindset and technological education for the 21st Century.
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