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Abstract 

Effective, scalable teacher professional development is requisite to international 

governments’ objectives of improved student learning outcomes and career uptake in science and 

STEM fields. In seeking an optimal balance between personally relevant and professionally potent 

development, primary teachers are among those using Professional Learning Networks (PLNs). This 

multi-mixed methods study, includes quantitative and qualitative data collection, focused on 

investigating international primary teachers’ PLN activities, for contributing value as professional 

development in science education. Data analysed and integrated came from an online survey, 

interviews, participant artefacts, including a brief review of professional documents. Participants’ 

perceptions, analysed through a socio-cultural theoretical lens, revealed key themes. Themes indicated 

participants’ informal activities in multiple online contexts of their PLN contribute considerable value 

for developing professionally, although not exclusively in science education. Value ascertained from 

teachers’ perceptions, used criteria for effective teacher professional development and a model for 

teacher professional knowledge. Primary teacher participants, regardless of science background, 

perceived that their PLN activities inspire, promote, support and affirm implementation of newer 

science and technology practices. Participants’ selective online PLN construction, contingent 

interactions and reflective activities provide evidence of developing science pedagogical content 

knowledge (PCK). Participants shared ideas, resources, tools and ways to implement these, to science-

topic and K-6 suitable specificity. In sharing professional knowledge such as science PCK, 

participants influenced their own and others’ professional identity. Participants adapted general 

pedagogical knowledge for science; and participants refined their science content knowledge (SCK) 

(to a lesser extent); both with implications for student learning. While acknowledging study 

limitations, primary teachers’ PLN use, has individual and collective value for professional 

development in science education. An implication for pre-service teachers and in- service teachers is 

that using a PLN inspires and supports opportunities to develop their science pedagogical knowledge 

and teaching skills through a career. 
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Abbreviations and Definitions 

 

AR Augmented Reality 

Augmented reality describes a composite or enhanced representation of reality by using 

technology to augment the real world with sound and/or image and/or text or other digital 

content. 

 

CoP Communities of Practice 

Communities of practice are groups of people with shared interests learning more efficiently 

through their interactions together (Wenger, 1999). The shared domain of interest creates an identity 

and membership in being part of joint activities where practice involves shared, co-developed 

resources. 

 

CoRL Co-Regulated Learning 

Co-regulated Learning describes computer-supported collaborative learning, based on self-

regulated learning theory. Co-regulated learning is where individual self-regulatory processes are 

supported temporarily within a group by its members, the technologies used or by aspects of the 

environmental context (Jarvela et al, 2016) 

 

Generalist science primary teacher 

A generalist science primary teacher teaches across all key learning areas within the K-6 school 

curriculum with no specialised science discipline knowledge qualifications (does not exclude primary 

teachers with more specialised work experience, qualifications and specialisms in other domains). 

Generalist science primary teachers tend to teach in a single classroom across a school year, except 

where classes are composite (for example, K/1 or 5/6). 
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Abbreviations and Definitions continued. 

NIC Networked Improvement Communities 

NICs are sharing networks, designed to execute solutions to complex, difficult problems 

requiring multi-step solutions. NICs allow for deeper group understanding between members allowing 

them to work smoothly as a system to solve complex or “wicked problems” (Gomez et al., 2016, 

p.11). 

 

PCK  Pedagogical Content Knowledge 

PCK refers to teachers’ professional knowledge and skill focused on knowledge of the subject 

content, their beliefs about teaching and learning, and knowledge of ways to implement content 

learning activities using their knowledge of their students (Shulman, 1986). This transformative 

knowledge practice distinguishes teachers from subject matter content experts (Loughran, 2013). PCK 

is a crucial part of teachers’ background knowledge. Where background knowledge involves teachers’ 

curriculum knowledge, including assessment and general pedagogical knowledge of teaching 

approaches. Managing learning opportunities and environments conducive to learning, teacher’s 

identity and motivations are also part of this background (Gess-Newsome, 2015). PCK is distinctive 

from general pedagogical knowledge as it is content, even topic specific; actively emergent with 

practice; and is complex in detail. 

 

PCK & S  Pedagogical Content Knowledge and Skill 

Pedagogical Content Knowledge and Skill or PCK & S is a term used to describe teachers’ 

practice at the classroom level of implementation of skill in PCK, suited to a specific group of 

students, and which develops with teaching (Gess-Newsome, 2015). 

 

PCK-ing 

PCK-ing is a similar concept to PCK&S which focuses on the active process of teachers 

transforming their content knowledge. PCK-ing or PCKg is inclusive of the learning context, and 

researchers propose that it comprises four aspects including content knowledge of subject matter, 

student needs, the learning environment and pedagogical understanding (Cochran, De Ruiter and 

King, 1993; Van Driel et al, 1998). 
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Abbreviations and Definitions continued. 

PDP  Professional Development Program 

Professional development programs are developed (duration and mode of delivery varies) as a 

means of improving quality teaching classroom practices which can affect student learning, often for 

purposes of accreditation and continued teacher professional development. 

 

PLC  Professional Learning Community 

 

Professional Learning Communities in education are noticeable for their common features. 

The community’s shared aim of focusing on the collaborative, as well as individual responsibility to 

increase reflective practice is a feature, as are the professional goals of inquiry and promoting student 

learning (Jones et al., 2013).  

 

PLN  Professional Learning Network 

Professional Learning Networks (PLNs) are complex interactional systems in online spaces 

where people access and use the available collective technology-mediated tools, resources and other 

people to support professional learning and ongoing development for their own and others’ benefit 

(Trust et al, 2016). 

 

PST  Pre-Service Teachers 

Pre-service teachers are undergraduate teacher education students, pre-employment. 

 

Primary science teacher 

A primary science teacher is a teacher of science at the primary or elementary school K-6 level, 

who may be generalist or specialist educated. 
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Abbreviations and definitions continued 

 

RCM  Refined Consensus Model 

The Refined Consensus Model refers to a newer version of the Consensus model of teachers’ 

PCK and skills. This newer model resulted from a second PCK summit, feedback sessions at science 

teacher conferences and electronic discussion, collated by Carlson & Daehler (2019). 

 

SCK, SMK, CK Subject Content Knowledge or Subject Matter Knowledge 

Content Knowledge or CK is used by Shulman (1986) to describe teachers’ professional 

knowledge involving subject matter or discipline knowledge, curricular knowledge and pedagogical 

content knowledge. SCK refers to the content (facts, accepted theories, terminologies) knowledge 

particular to a subject and can be topic specific within a subject. Furthermore CK can be epistemic or 

syntactic, for example describing the ways that science knowledge develops, and substantive (SMK) 

knowledge of science (historic, accepted), (Anderson & Clark, 2012). 

 

SDL  Self-Directed Learning 

Self-directed learning is a term used in an adult learning theory by Knowles (1975) where 

learners self-direct a process to identify their own ongoing learning needs; actively plan and pursue 

those goals, using relevant strategies and sourcing materials. Self-directed learners then evaluate 

whether their goals are met and formulate next steps. The self-directed learner may or may not enlist 

the help of others. 

 

SNA Social Network Analysis 

Social Network Analysis means conceptualising and analyzing social network relationships in 

structural-relational terms, emanating from social psychology and anthropology, and is facilitated in 

recent years by computer software. Patterns of dynamic relations are explored with global (big 

picture) and local measures (units at more individual level) using statistical methods to identify 

interaction characteristics like distribution, connections as ties and nodes, direction, and visualizing 

these flows of relationships such as reciprocity on maps or graphs (Carrington & Scott, 2014; Knoke 

& Yang, 2008). 
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Abbreviations and definitions continued 

 

Science specialist primary teacher 

A science specialist primary teacher is one who may have an other than primary education 

qualification, such as high school teacher with specialised domain knowledge in science, and also 

teaches primary or elementary K-6 school students; or teaches science exclusively; or a primary 

teacher with extra qualifications in the specialised knowledge domain of science (Appleton, 2007). 

 

SRL  Self-Regulated Learning 

Self-regulated learning or SRL refers to the self-management of the learning process: 

identifying goals, employing self-control and self-monitoring towards goals and a self-reflective phase 

(Pintrich, 2000). This self-regulation involves motivational factors of affect, personal agency, self-

belief and self-efficacy. 

 

SSRL Socially-Shared Regulation of Learning 

Socially-shared regulation of learning (SSRL) involves the collective efforts of group 

members to have productive group work processes. Through their group learning activities, they 

motivate and regulate group cognitive and affective experiences and behaviour (Jarvela et al., 2016). 

 

STEM Science, Technology, Engineering & Mathematics 

The acronym STEM was coined to lift the profile of each of these subject areas in educational 

contexts. STEM also refers to integration of these subject areas with their specific content knowledge 

as well as interdisciplinary activities (English, 2016). 

 

TPD Teacher Professional Development 

Teacher professional development to be considered effective needs to be based on 

professional learning that has structure and is associated with teachers changing their practice and 

improved learning outcomes for students, according to Darling-Hammond et al. (2017). TPD is 

usually associated with formally provided programs. 
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Abbreviations and definitions continued 

 

TPKB Teacher Professional Knowledge Base 

Teacher professional knowledge base is a general professional knowledge with several 

components. It is based on research and a shared understanding of effective teaching practice. TPKB 

also consists of topic specific professional knowledge (Gess-Newsome, 2015). 

 

TSPK Topic Specific Professional Knowledge 

Topic specific professional knowledge refers to content knowledge specific to science topics 

such as forces, living things etc., includes pedagogy and is specific to a student development level 

(Gess-Newsome, 2015). 
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