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Abstract. Many computing educators find themselves teaching a sub-
ject that is relatively new to them, making access to high-quality, ef-
fective professional development (PD) essential. However computing ed-
ucation research does not always unpack the approach being taken to
PD, which may reflect underpinning values and beliefs about teachers’
role in the process. The study reported in this paper set out to explore
computing PD opportunities using Kennedy’s framework of transforma-
tive, malleable and transmissive PD, whereby ‘transformative’ PD refers
to approaches that encourage collaborative inquiry and critical profes-
sionalism. In the study, 341 computing teachers in primary and sec-
ondary education in the UK and Ireland reported on PD they had consid-
ered impactful. Results showed that most teachers highlighted transmis-
sive forms of PD as being impactful, primarily delivery-focused training
courses, and only 18 teachers described PD categorised as transformative.
Most teachers reported that PD was impactful if it built on their prior
knowledge. As it is likely that many PD programs are designed around
transmissive approaches to PD, we argue that computing teachers should
be supported to engage with a broader range of PD opportunities, par-
ticularly those that are focused on inquiry and teacher agency.
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1 Introduction

Professional development (PD) for in-service computing teachers takes many
forms, from short training sessions to formal qualifications undertaken part-time.
Within general education PD research, the forms and modalities of PD have long
been researched, with meta-analyses highlighting that effective PD is likely to
be collaborative and sustained over time [8,15]. Other research has focused on
the need for PD to support the development of ‘critical professionalism’ [4], and
the term ‘transformative’ PD has been coined to describe ways of supporting
teacher agency and inquiry [4, 17, 21].
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In the field of computing education®, the notion of transformative PD is not
often discussed (an exception would be [25]). The delivery of PD in the form of
workshops and training for teachers is common [20], and often around subject
knowledge [11]. Computing is a new subject for many in-service teachers, who are
likely to request subject knowledge training. However, there has been criticism
of PD that implies a deficit in the teacher, rather than drawing on a teacher’s
strengths and existing experience [16]. In this paper, we were interested to inves-
tigate what PD teachers reported as impactful, and to align that to research on
transformative PD. The survey-based study described here involved 341 teachers
from the United Kingdom and Ireland, with both qualitative and quantitative
analysis conducted on the responses. This represents an initial exploration into
the way that we conceptualise PD and its benefits for computing teachers.

The five countries investigated in this study - England, Scotland, Wales,
Northern Ireland and the Republic of Ireland - vary greatly in population size,
from 56.55m (England) to 1.9m (Northern Ireland), and in the way they have
implemented computing. Education is a devolved matter in the UK, such that
national parliaments and legislatures have responsibility for their respective ed-
ucation systems, the development of curricula and the provision of teacher train-
ing. In England, Computing has been a mandatory subject for children aged
5-16 since 2014, and an elective subject from age 16 since the 1970s [7]. The Na-
tional Centre for Computing Education (NCCE) has offered teacher training and
resource development in computing since 2018 [29]. Scotland’s curriculum was
updated in 2016, although computing science has been available as a discrete and
elective subject at the secondary level for many years. Pupils have an entitlement
from age 3 to 15 to a Broad General Education (BGE) which includes Technolo-
gies. In Wales, the new 2022 Curriculum for Wales [34] reinforces the societal
importance of digital competence as a statutory cross-curricular skill alongside
literacy and numeracy for all learners aged 3-16, and the Technocamps project
offers training to improve teacher confidence and capability to deliver the cur-
riculum [22]. In Northern Ireland, digital skills are included from primary
through to upper secondary as part of Using ICT. Finally, the Republic of
Ireland has offered a Leaving Certificate in Computer Science since 2018, with
an associated program of PD for teachers.

2 Transformative professional development

Teacher PD is an essential part of improving school performance and learner
outcomes [2], and a large field of study that has been researched for decades.
Recent work has placed an emphasis on the importance of long-term, inquiry or
learner-centered structures that support teachers as they collaboratively develop
the professional knowledge they need to use in their own context [3]. In comput-
ing, PD courses take many different forms, for example, online MOOC-style PD
[26, 35], remotely-delivered but asynchronous courses [24], or face-to-face courses

3 Computing is a generic term we use throughout to include computer science (CS),
computing science, informatics and other CS-related subjects.
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of varying lengths [23]. However, equating PD with ‘training’ alone risks forget-
ting many other approaches to professional learning that may impact teachers’
confidence and classroom practice. Other approaches to PD that have been ex-
plored in the computing PD literature include belonging to a community of
practice (CoP) or professional learning network (PLN) [31], working towards
accredited qualifications [30], peer coaching [6], co-designing activities [14], and
action research [5].

Kennedy [16,17] developed a framework of models of PD using a spectrum
from transmissive to transformative PD (see Figure 1).The first level of PD,
transmissive, includes approaches such as training, deficit models and the cascade
model, which “attend primarily to occupational aspects of professional learning”
[12, p.165]. The second level ‘malleable’; includes models such as award-bearing
PD and CoPs, indicating that these types or models of PD can be used to
different ends depending on the intended (or unintended) purpose [17]. The
spectrum indicates an increasing capacity for autonomy and teacher agency in
the transformative direction. The third level of PD, ‘transformative’ is focused
on collaborative professional inquiry, defined as:

“ .. all models and experiences that include an element of collaborative
problem identification and subsequent activity, where the subsequent ac-
tivity 1tnvolves inquiring into one’s own practice and understanding more
about other practice, perhaps through engagement with existing research”
[17, p. 693]

Purpose of Model Examples of models of CPD which
may fit within this category

Tr issive Training models

Deficit models

Increasing Cascade model

Malleable capacity for Award-bearing models
professional Standards-based models
autonomy
and teacher
agency
Transformative Collaborative professional inquiry

Coaching/mentoring models
Community of practice models

models

Fig. 1. Spectrum of PD models [17]

Other researchers give different descriptions of what constitutes transforma-
tive PD. Mockler [21] describes transformative PD as that which aims for the
transformation of society, in that teachers learn to support students to think crit-
ically. Sachs chooses to categorise PD as retooling, remodelling, revitalising and
reimagining [28], with ‘reimagining’ described as transformative in its intent and
practice; teachers are individually and collectively equipped to act as “shapers,
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promoters and well-informed critics of reforms” [28, p.160]. In their review of
transformative PD, Boylan et al. [4] assert that although transformative PD is
yet a small field, its importance lies in its focus on the critical professionalism
of the educator. It therefore provides a valuable lens through which to examine
computing teachers’ reporting of their own PD experiences.

Research in computing PD has already emphasised the importance of PD that
is based on inquiry and communities of practice (e.g. [13,27,31]). Although not
explicitly labelled as ‘transformative’, it exemplifies PD that supports teachers
as critical professionals. The study in this paper aimed to investigate the extent
to which teachers in a specific set of countries accessed these opportunities and
found them impactful. Thus, the research questions are framed as follows:

RQ1 What professional development opportunities do computing teachers in the
UK and Ireland describe as impactful to their practice?

RQ2 To what extent can teachers’ impactful experiences be described as trans-
formative PD?

3 Methodology

The study was conducted via the development, distribution and analysis of a
survey, based on MEasuring TeacheR Enacted Computing Curriculum (ME-
TRECC), a validated survey instrument developed by an international Innova-
tion and Technology in Computer Science Education (ITiCSE) working group
in 2019 [10]. METRECC was designed to measure aspects of the experiences
of computing teachers around the world and since 2019 has been used with
teachers in 14 different countries. The METRECC survey is openly available for

researchers to use.*

3.1 Data collection

The METRECC survey was localised for UK and Ireland teachers [32]. To answer
the RQs, three new questions were added to METRECC as follows:

1. Description of one PD activity that had the greatest impact on one’s teaching
in the last 12 months (free text).

2. Length of the PD activity (free text).

3. Factors that contributed to the PD being impactful (16 check boxes).

Other questions about PD for teachers included in the survey related to (i)
participation in a range of PD types (10) in the last 12 months, (ii) barriers
to participation in professional development, and (iii) localised questions for
teachers in England, Wales and Ireland about their participation in national
initiatives. Because these questions relate to participation and not impact, they
are not the focus of this study but are reported elsewhere [18].

4 https://csedresearch.org/resources/evaluation-instruments/tool /2id=185. Data
relating to the current study will be made available as supplementary material.
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The survey was open to respondents in England, Scotland, Wales, Northern
Ireland and Ireland in February and March 2022. Purposive sampling was used
to identify computing teachers, using methods including mailing lists, newslet-
ters, blog posts, social media, promotion through school and teacher networks.
Snowball sampling was also used with participants encouraged to share the sur-
vey with other computing teachers. The whole survey was completed by 512
teachers, with 359 entering responses for the three additional questions. The
overall findings are reported elsewhere [32].

3.2 Data analysis

The data relating to the type of PD found to be impactful was coded using a
phronetic iterative approach [33] that drew on Kennedy’s framework. The initial
intent was to use the nine models from Kennedy’s 2014 article (see Figure 1)
deductively when coding. It was clear that we were not able to definitively de-
termine which model we could ascribe so inductive coding was used to develop
codes for the PD, which were aligned to Kennedy’s models where appropriate,
and subsequently assigned to the three top-level areas of transmissive, malleable
and transformative. Two of the three researchers worked together to determine
the coding scheme over three iterations, until consensus was reached. Length of
engagement with PD is also relevant to its effectiveness and potentially trans-
formative nature [8], so the teachers’ answer on length was used to further refine
the coding. A third researcher then coded a 15% sample of the data with an in-
terrater agreement via Cohen’s Kappa calculated as x = 0.86 indicating strong
agreement [19]. The final coding scheme used for analysis is shown in Table 1.

Having allocated all statements to categories and types of PD, we compared
them with the following teacher characteristics: experience of teaching CS, age,
gender, and qualification level. Teachers also selected factors that supported
their description of impactful PD and these were also compared with the types.
Descriptive and inferential statistical analysis were used to investigate the re-
lationships between these variables. Specifically, Chi-squared tests for indepen-
dence were used to compare categorical variables with cellwise residual analysis
[1] alongside Kruskal-Wallis tests with Dunn’s pairwise comparisons for ranked
variables [9].

4 Results

Of the 359 responses to the questions about impactful PD, 341 remained once
‘none’ or equivalent answers were excluded. Most teachers responding were from
England (75.4%) with all other countries represented. Teachers wrote between 1
and 97 words (M=9.58, SD=10.76). The length of the PD described as impactful
varied from one hour to a year. Table 1 shows the breakdown of transmissive,
malleable and transformative PD against the coding scheme.

Most of the PD reported as impactful was classified as transmissive (63.5%).
This included 158 (46.5%) instances of training, which ranged from face-to-face
training events of several hours to lengthier online courses:
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Table 1. Impactful PD categorised by Kennedy’s types

Type Coded n %
Transmissive  Training 158 46.5%
Achievement of certificate 48 14.1%
Using curriculum resources 8 2.4%
Training others (cascade) 2 0.6%
Sub-total 216 63.5%
Malleable Self-study 31 9.1%
Participating in a network/community 29 8.5%
Accredited qualification 17 5.0%
Mentoring/observation/coaching activities 14 4.1%
Attending conference 8 2.4%
Collaborating within department or school 5 1.5%
Mentoring others (specifically) 2 0.6%
Examining for awarding body 1 0.3%
Sub-total 107 31.5%
Transformative Creation of curriculum resources 5 1.5%
Engagement with research 5 1.5%
Participation in research projects 4 1.2%
Leading a network/community 2 0.6%
Practitioner research or inquiry 2 0.6%
Sub-total 18 5.3%

“I have attended online webinars ... which have focused on the teaching
of computing with their materials. It has been really useful to get more
PD about basics of computer science especially the vocabulary and also
ideas for how to start with the youngest pupils.”

The type of PD in which teachers have participated is clearly dependent
on what is offered. The NCCE [29] has been set up to deliver PD in England,
including certified courses, and accounts for many of the experiences that teach-
ers found impactful. Similarly, in the Republic of Ireland, a number of courses
and workshops are made available to support the delivery of the new Leaving
Certificate and other courses:

“Attending the different CSInc workshops that are held online. Great
presenters and the material is delivered with energy that makes you in-
terested.”

We distinguished between teachers achieving a certificate (transmissive) and
those undertaking accredited qualifications (malleable), using the criteria that
achieving a certificate represented participation in a shorter period of training,
and a qualification had to be formally assessed and involve some self-directed
activity. We noted that a number of teachers were working towards qualifica-
tions,including Master’s degrees, university-led modules with accreditation, and
leadership qualifications that would take months or years to achieve:
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“I have just completed an MA Education, this included research on PRIMM.”

Also in the malleable category, we included participating in a network (8.5%)
and self-study (9.1%) with a number of examples given:

“Sitting and tinkering with micro:bits, MakeCode Arcade has had the
greatest impact in the last 12 months.”

Only 18 statements were classified in the transformative category, including
participating in a research project, engaging with research in another way, or
leading a group of teachers in a network. One response refers to participation in a
co-creation research activity around culturally responsive teaching in computing;:

“A ...PD activity that has greatly helped my teaching is being part of a
working group in helping to produce culturally relevant guidelines for the
CS curriculum to be used by fellow CS educators. ”

Another response from a primary teacher refers to the setting up of a network
for other teachers:

“ .. computing network group set up, to have regular training updates,
discussions and share ideas and resources with one another. ”

Considering the reasons given for PD being impactful (Table 2), the most
common factor given was that it built on prior knowledge (n=288, 84.46%) fol-
lowed by PD with coherent structure (n=221, 64.81%) and the content being
appropriate to teachers’ subject teaching needs (n=221, 64.81%). Less than half
of the impactful PD activities focused on pedagogy (n=163, 47.80%) or assess-
ment (n=106, 31.09%).

We investigated coded PD types against factors for why PD was impactful
using a series of post-hoc Chi-Squared tests. We found significant associations
between certain PD types and a range of factors. For transmissive PD experi-
ences, teachers were more likely to state that they had a coherent structure (4.0,
p < .05) and that they provided opportunities for active learning (3.5, p < .05).
Conversely, teachers were less likely to suggest that transformative PD expe-
riences had a coherent structure (3.1, p<.05) or that they took place over an
extended period of time (2.7, p < .05). Teachers were more likely to report that
participating in professional learning networks provided networking opportuni-
ties (4.4, p < .05), while self-study PD opportunities were less likely to do so
(4.1, p < .05). Using curriculum resources and mentoring and coaching activities
were more likely to take place in school settings (4.2, p < .05 and 3.8, p < .05,
respectively). Finally, pursuing formal qualifications or certified PD courses was
more likely to take place over an extended period of time (5.7, p < .05 and 3.3,
p < .05, respectively); conversely, participating in professional learning networks
was less likely to take place over an extended period of time (3.6, p<.05).

Finally, as teacher responses were part of a larger survey, we were able to
investigate the relationship between impactful PD type and other responses,
including age, gender, CS teaching experience, phase of teaching and highest
qualification. No significant findings were noted.
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Table 2. Number of teachers who selected each factor, ordered by most popular re-
sponses

Factors that made PD impactful n %
It built on my prior knowledge 288 84.46
It had a coherent structure 221 64.81
It appropriately focused on content needed to teach my subjects 221 64.81
It provided opportunities for active learning 191 56.01
It provided opportunities to practice/apply new ideas and knowl- 185 54.25
edge in my own classroom

It addressed pedagogy 163 47.80
It provided networking opportunities 152 44.57
It took place over an extended period of time (e.g. several weeks or 147 43.11
longer)

It provided opportunities for collaborative learning 146 42.82
It adapted to my personal development needs 129 37.83
It addressed assessment of student learning 106 31.09
It focused on innovation in my teaching. 102 29.91
It provided follow-up activities 95 27.86
It took place at my school 33 9.68
It involved most colleagues from my school 11 3.23
None of the above 2 0.59

5 Discussion

We sought to answer the following questions: RQ1) What professional devel-
opment opportunities do computing teachers in the UK and Ireland describe as
impactful to their practice? and RQ2) To what extent can teachers’ impactful
experiences be described as transformative PD?. We were interested to find out
whether teachers reporting their experiences of PD were engaging in the kind of
PD that scholars have been describing as transformative, for example whether
they were engaging in collaborative inquiry [17] or critical professionalism [4].
For RQ1, we found that while teachers described a range of activities, nearly
half answered the question by describing a particular training course or work-
shop. They also found benefits in other activities classified as malleable, including
PLNSs, engaging with colleagues, working towards qualifications, and mentoring
activities. When we investigated whether there was any particular relationship
with the other data that we had collected in the rest of the survey, such as
the qualifications held by the teachers, the length of time they’ve been teach-
ing, computing, their age, their gender and the reasons that they had chosen
those particular types of PD to report as impactful, we didn’t find any signifi-
cant relationships. Correlations between type of PD and factors that supported
their choice were not surprising, apart from the relationship between length and
transformative PD, which may have been due to the small sample. Overall, if
the type of PD teachers are choosing is not related significantly to those factors
it could well be driven by what is being delivered locally. It is encouraging that
teachers are finding courses and workshops to be impactful and beneficial to
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their practice. Further research is needed to investigate the extent to which this
type of PD might transform teaching in the longer term.

For RQ2, we identified 18 teacher statements that we could align to the
notion of transformative PD as described (e.g. by [28,17,21]). Four teachers
participated in research projects run by universities, two had carried out their
own practitioner research projects and five had more generally engaged with
research; this represents being more inquiring about the subject of computing.
As there were only 18 responses that we could code as one of the transformative
approaches to PD, the analysis that could be conducted around why these types
of PD had impact was limited. Further research is needed to investigate the
types of PD that are made available to teachers in each of the five jurisdictions.

In their review of transformational PD, Boylan et al. discuss purpose, agency,
sociality and knowledge as four characteristics that can be used in analysis [4].
The development of the sociality aspect of transformative PD can create in-
creased trust between teachers and with communities [4] and we saw evidence
of this in the creation of networks and peer engagement, although we aligned
with Kennedy in classifying some of this as ‘malleable’. In terms of knowledge,
being engaged with research can constitute a more critical analysis of pedagogy
and curriculum, although we did not see any evidence of engagement with social
justice issues. From our data, we were not able to ascertain specific purposes of
the transformational PD, or to observe the development of teacher agency.

Increasingly, computing is a subject which is seen at the forefront of discus-
sions around social and ethical issues, including privacy, bias, decision-making,
and internet safety. As these topics become core elements of curricula, it is im-
portant for teachers to engage in inquiry and to develop criticality about the
nature of computing education. If we are going to break down barriers and make
the subject inclusive for all, then what we teach, what resources we use, what ex-
amples we use, and how we assess, are all areas with which teachers can critically
engage. Education in some jurisdictions may be situated in a political backdrop
that has systemically reduced teacher autonomy [21]; discussion of this issue is
beyond the scope of this paper.

Transformative PD may include trying new pedagogy in the classroom, inves-
tigating research into subject-specific pedagogy or actively establishing networks
to facilitate collaborative inquiry among peers. Such forms of PD may be less
easy to scale as they involve experimentation, discussion and reflection, but are
important if young people are going to be able to participate in an increasingly
technological society, with an understanding of its benefits and risks. Through
a transformative teaching profession we can develop “critical, literate, socially
aware citizens with a strong sense of their own civic responsibility” [21, p.738].

One limitation of the study was that the questions were added to an already
lengthy survey, meaning that teachers’ responses were not as detailed as we might
have liked. The rationale for such a design was to investigate the relationships
between impactful PD and other characteristics; however as reported, there were
no significant findings in this regard. Further research involving interviews or
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focus groups would facilitate a more in-depth analysis and enable exploration of
the ways in which teachers perceive PD offered to them and its impact.

6 Conclusion

This paper represents an initial attempt to consider computing PD through the
lens of transformative PD, supporting increased teacher agency, autonomy and
criticality. Computing is a subject interfacing with societal, ethical and politi-
cal discourses, and computing education encompasses its impact, as well as the
basic principles of the subject. The results from this study indicate that only a
small number of computing teachers in the UK and Ireland report finding trans-
formative PD impactful, with the majority reporting that an instance of PD
classified as transmissive had the most benefit to their teaching and learning.
The results are clearly dependent on the type of PD offered. Given that teachers
new to computing are likely regarded as having a deficit in subject knowledge,
PD opportunities may be largely restricted to delivery-focused workshops and
courses. With a growing interest in transformative PD and the way in which it
supports teacher agency and critical teacher professionalism [4], and given that
more teachers will have experience of computing teaching as it becomes embed-
ded into the curriculum, we suggest further research is needed to investigate
the effectiveness of computing PD that increases autonomy and agency, such as
engaging with research and inquiry-focused professional networks.

Acknowledgments. We are very grateful to our collaborators for their work on this
project: Irene Bell, Elizabeth Cole, Tom Crick, Nicola Looker and Keith Quille.

References

1. Beasley, T.M., Schumacker, R.E.: Multiple regression approach to analyzing con-
tingency tables: Post hoc and planned comparison procedures. The Journal of
Experimental Education 64(1), 79-93 (1995)

2. Bolam, R.: Emerging policy trends: some implications for continuing profes-
sional development. Journal of In-Service Education 26(2), 267-280 (Jun 2000).
https://doi.org/10.1080,/13674580000200113

3. Borko, H., Jacobs, J., Koellner, K.: Contemporary approaches to teacher profes-
sional development. In: Peterson, P., Baker, E., McGaw, B. (eds.) International
Encyclopedia of Education (Third Edition), pp. 548 — 556. Elsevier, Oxford, third
edition edn. (2010). https://doi.org/10.1016/B978-0-08-044894-7.00654-0

4. Boylan, M., Adams, G., Perry, E., Booth, J.: Re-imagining transformative profes-
sional learning for critical teacher professionalism: a conceptual review. Professional
Development in Education pp. 1-19 (2023)

5. Brandes, O., Armoni, M.: Using action research to distill research-based segments
of pedagogical content knowledge of k-12 computer science teachers. In: Proceed-
ings of the 2019 ACM Conference on Innovation and Technology in Computer
Science Education. pp. 485-491 (2019)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Exploring transformative professional development within K-12 education 11

. Cateté, V., Alvarez, L., Isvik, A., Milliken, A., Hill, M., Barnes, T.: Aligning theory

and practice in teacher professional development for computer science. In: Proceed-
ings of the 20th Koli Calling International Conference on Computing Education
Research. pp. 1-11 (2020)

. Clark, M., Boyle, R.D.: Computer science in english high schools: We lost the

s, now the c is going. In: International Conference on Informatics in Secondary
Schools-Evolution and Perspectives. pp. 83-93. Springer (2006)

. Cordingley, P., Bell, M., Holdich, K., Hawkins, M., Crisp, P.: Understanding what

enables high-quality professional learning. Tech. rep., Centre for the Use of Re-
search and Evidence in Education (CUREE) (2013)

. Elliott, A.C., Hynan, L.S.: A sas@® macro implementation of a multiple comparison

post hoc test for a kruskal-wallis analysis. Computer methods and programs in
biomedicine 102(1), 75-80 (2011)

Falkner, K., Sentance, S., Vivian, R., Barksdale, S., Busuttil, L., Cole, E., Liebe,
C., Maiorana, F., McGill, M.M., Quille, K.: An International Study Piloting the
MEasuring TeacheR Enacted Computing Curriculum (METRECC) Instrument.
In: Proceedings of the Working Group Reports on Innovation and Technology in
Computer Science Education. pp. 111-142. ACM, Aberdeen Scotland Uk (Dec
2019). https://doi.org/10.1145/3344429.3372505, 00009

Fincher, S.A., Kolikant, Y.B.D., Falkner, K.: Teacher learning and professional
development. In: Fincher, S.A., Robins, A.V. (eds.) The Cambridge Handbook of
Computing Education Research, p. 727-748. Cambridge Handbooks in Psychology,
Cambridge University Press (2019). https://doi.org/10.1017/9781108654555.026
Fraser, C., Kennedy, A., Reid, L., McKinney, L.: Teachers‘ continuing professional
development: contested concepts, understanding and models. Journal of In-Service
Education 33(22), 153-169 (2007)

Goode, J., Margolis, J., Chapman, G.: Curriculum is not enough: the educational
theory and research foundation of the exploring computer science professional de-
velopment model. In: Proceedings of the 45th ACM technical symposium on Com-
puter science education. pp. 493-498. ACM, Atlanta, Georgia, USA (2014)
Grover, S., Cateté, V., Barnes, T., Hill, M., Ledeczi, A., Broll, B.: First principles
to design for online, synchronous high school cs teacher training and curriculum
co-design. In: Proceedings of the 20th Koli Calling International Conference on
Computing Education Research. pp. 1-5 (2020)

Guskey, T., Yoon, K.: What works in professional development? Phi Delta Kappan
90, 495-500 (03 2009). https://doi.org/10.1177/003172170909000709

Kennedy, A.: Models of continuing professional development: a framework for anal-
ysis. Journal of In-Service Education 31(2), 235-250 (2005)

Kennedy, A.: Understanding continuing professional development: the need for
theory to impact on policy and practice. Professional Development in Education
40(5), 688-697 (Oct 2014). https://doi.org/10.1080/19415257.2014.955122

Kirby, D.. UK and Ireland Computing Teachers’ Survey: Results Pub-
lished. Blog post. Raspberry Pi Computing Education Research Centre, Uni-
versity of Cambridge. https://computingeducationresearch.org/uk-and-ireland-
computing-teachers-survey-results-published (April 2023)

McHugh, M.L.: Interrater reliability: the kappa statistic. Biochemia medica 22(3),
276-282 (2012)

Menekse, M.: Computer science teacher professional development
in the United States: a review of studies published between 2004
and 2014. Computer Science Education 25(4), 325-350 (Oct 2015).
https://doi.org/10.1080/08993408.2015.1111645



12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

S. Sentance et al.

Mockler, N.: Trans/forming teachers: new professional learning and transformative
teacher professionalism. Journal of In-service Education 31(4), 733-746 (2005)
Moller, F., Crick, T.: A University-Based Model for Supporting Computer Science
Curriculum Reform. Journal of Computers in Education 5(4), 415-434 (2018).
https://doi.org/10.1007/s40692-018-0117-x

Mouza, C., Codding, D., Pollock, L.: Investigating the impact of research-based
professional development on teacher learning and classroom practice: Findings from
computer science education. Computers & Education 186, 104530 (2022)

Mouza, C., Mead, H., Alkhateeb, B., Pollock, L.: A virtual professional develop-
ment program for computer science education during covid-19. TechTrends 66(3),
436-449 (2022)

Nakajima, T.M., Goode, J.: Transformative learning for computer sci-
ence teachers: Examining how educators learn e-textiles in professional
development. Teaching and Teacher Education 85, 148-159 (2019).
https://doi.org/10.1016/j.tate.2019.05.004

Qian, Y., Hambrusch, S., Yadav, A., Gretter, S.: Who needs what: Recommenda-
tions for designing effective online professional development for computer science
teachers. Journal of Research on Technology in Education 50(2), 164-181 (2018)
Ryoo, J., Goode, J., Margolis, J.: It takes a village: supporting inquiry-and equity-
oriented computer science pedagogy through a professional learning community.
Computer Science Education 25(4), 351-370 (2015)

Sachs, J.: Metaphors for continuing teacher professional development: Skilling or
emancipating teachers. In: Mockler, N.; Sachs, J. (eds.) Rethinking educational
practice through reflexive inquiry, pp. 153-168. Springer Dortdrecht (2011)
Sentance, S.: Moving to mainstream: developing computing for all. In: Proceedings
of the 14th Workshop in Primary and Secondary Computing Education. pp. 1-2.
WiPSCE ’19, Association for Computing Machinery, New York, NY, USA (2019).
https://doi.org/10.1145/3361721.3362117

Sentance, S., Csizmadia, A.: Professional recognition matters: Certification for in-
service computer science teachers. In: Proceedings of the 2017 ACM SIGCSE Tech-
nical Symposium on Computer Science Education. pp. 537-542. SIGCSE ’17, ACM
(2017). https://doi.org/10.1145/3017680.3017752

Sentance, S., Humphreys, S.: Understanding professional learning for computing
teachers from the perspective of situated learning. Computer Science Education
28(4), 345-370 (2018)

Sentance, S., Kirby, D., Quille, K., Cole, E., Crick, T., Looker, N.: Comput-
ing in School in the UK & Ireland: A comparative study. In: Proceedings of
the 2022 Conference on United Kingdom & Ireland Computing Education Re-
search. pp. 1-7. Association for Computing Machinery, New York, NY, USA (2022).
https://doi.org/10.1145/3555009.3555015

Tracy, S.J.: Qualitative Research Methods: Collecting Evidence, Crafting Analysis,
Communicating Impact. John Wiley & Sons (Aug 2019)

Welsh Government: Curriculum for Wales 2022.
https://hwb.gov.wales/curriculum-for-wales (2020)

Yurkofsky, M.M., Blum-Smith, S., Brennan, K.: Expanding outcomes: Exploring
varied conceptions of teacher learning in an online professional development expe-
rience. Teaching and Teacher Education 82, 1-13 (2019)



