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Abstract

This review study includes 19 articles from 2016 to 2021 focusing on in-service science teachers’ 
professional development targeted to promote student conceptual understanding. The present study 
is guided by the following research question: “What characterizes high-quality in-service science 
teachers’ professional development targeted to promote student conceptual understanding?” 
The review indicates that such classroom practices as modelling, questioning, and arguing from 
evidence are perspective ways to develop student conceptual understanding in science classrooms. 
A mixture of input, application, and reflection; long-term involvement of participants; focus on the 
question how to foster transfer from teacher professional development into participants’ everyday 
work characterize high quality teacher professional development interventions that develop and 
support inquiry practices. Results suggest that teacher professional development that is sensitive 
to teacher learning needs is a way to develop student conceptual understanding.
Keywords: in-service teacher professional development, science teacher education, student 
conceptual understanding, teacher learning 

Introduction

In the last decades science curricula reforms worldwide have emphasized the 
importance of fostering pupils' scientific literacy and developing students conceptual 
understanding through authentic and relevant scientific practices (European 
Commission., 2011; Eurydice, 2011; Next Generation Science Standards: For States, by 
States., 2013; OECD, 2006). Concepts and principles are the basic building blocks of 
scientific knowledge and understanding of a concept is precondition for making complex 
inferences or accomplishing any scientific work with it (Mi et al., 2020). Therefore, it is 
decisive for students to attain conceptual understanding about the core ideas of science 
subjects and build this understanding coherently from K-12. 

Teachers and their classroom practice are considered as primal conciliators for the 
transmittance of reform efforts into student learning outcomes. Therefore, it is critically 
important to support the development of teachers for the challenge of the reforms (Yang et 
al., 2018). According to Desimone's (Desimone, 2009) model of effectiveness of teacher 
professional development (TPD), TPD may increase teacher knowledge and change 
teacher attitudes and beliefs toward teaching, thereby improving teacher classroom 

https://doi.org/10.33225/BalticSTE/2021.49



50

Proceedings of the 4th International Baltic Symposium on Science and Technology Education, BalticSTE2021

https://doi.org/10.33225/BalticSTE/2021.49

practice, which in turn results in increased student learning and achievement. This model 
has been widely accepted, and adopted, in science education. Therefore, high-quality 
TPD programs are needed to support the development of teachers to adequately align 
their teaching with the reforms (Yang and Liu, 2020). 

Latvia, like other countries, is undergoing a curriculum reform (Nieveen, 2018) 
that has a focus on 21st century skills, complex use of knowledge, skills, attitudes, 
and values. In Science subjects and Math, the reformed curriculum includes new goals 
linked to deep understanding of subject-specific and crosscutting scientific concepts. 
Thus, it becomes increasingly important to monitor if and how teachers plan and ensure 
the classroom learning and whether it aligns with the goals of the reform. This then 
provides information for planning and delivering the necessary TPD support. Still 
TPD opportunities for in-service science teachers, that are focused to promote student 
conceptual understanding, are missing (Namsone, 2018). The local context of Latvian 
science teacher professional development led authors to the current review of recent 
research focusing on in-service science teachers’ professional development targeted to 
promote student conceptual understanding. Both authors are taking part in the planning, 
conduction, and evaluation of TPD, so the following research question from TPD 
organiser point of view arouse: “How the criteria of high-quality TPD manifest into in-
service science teacher professional development targeted to promote student conceptual 
understanding?” The research was aimed to describe the most recent research findings 
focusing on in-service science teachers’ professional development targeted to promote 
student conceptual understanding. 

Research Methodology

Search Criteria

To answer the research question, we conducted a search about pedagogy in the 
ISI WEB of Science (search undertaken 1. April 2021) using the search strings “teacher 
professional development” and “student conceptual understanding.” The search focused 
on the years from 2016 to 2021 to cover the most recent research. Intending to obtain 
an overview of previous research published in international research journals related to 
teachers’ professional development, the authors obtained 73 hits for all the search strings 
together after narrowing the search down to “education and educational research.” 
Articles were included if they dealt with basic education in primary and secondary 
school. Exclusion criteria included reviews, articles that dealt with pre-service teachers, 
special education, higher education, pre-school education, informal learning, and 
teachers’ individual learning. Each of these areas certainly would benefit from separate 
review studies. In this way, the present study focused on experienced basic education in-
service science teacher professional development. Based on the abstracts of the identified 
articles, we selected a set of 59 articles for thorough reading. After reading all 59 articles, 
a final set of 19 articles were chosen on the basis of the same exclusion and selection 
criteria listed above. Altogether, 2 of these articles followed qualitative methods, six 
employed quantitative research, and eleven involved a mixed-method approach. The 
published studies mostly came from the USA (15 articles). Single studies came from 
South Africa, Canada, Saudi Arabia, and Singapore. The selected papers offered both 
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breadth and depth, offering insight into the research question of what characterizes 
high-quality teachers’ professional development targeted to promote student conceptual 
understanding.

Selection of Review Categories

The framework describing high quality PD interventions developed by European 
STEM Professional Development Centre Network (European Network of STEM PD 
centres, 2019) was used to examine the articles from a TPD-developer point of view to 
identify, how the criteria of high-quality TPD manifest into various TPD interventions. 
According to the framework, high-quality science TPD interventions:

1) involve participants in forms of active learning,
2) provide long-term involvement of participants,
3) are sensitive to and consider participants’ learning needs,
4) consider and foster teachers’ scientific competence,
5) address knowledge, skills, and attitudes relevant to the curricula,
6) foster the transfer from TPD into participants’ everyday work,
7) evaluate the impacts of the TPD.
We structured and compressed the articles by coding and categorizing the texts in 

selective, open, and axial analysis processes (Strauss and Corbin, 1990, 1998), rendering 
their essence reportable (Garfinkel, 1967; Sachs, 1992). This selective analysis process 
enabled selection of a core category; in this study, the core category had been chosen 
according to the criteria number 5: high quality in-service science teachers’ professional 
development targeted to promote student conceptual understanding. 

To define the sub-categories for this review, the criteria number 1 to 4, 6 and 7 of 
high-quality science TPD interventions were presumed as variables that can be identified 
in the studies describing TPD interventions and change according to different contexts 
and goals.

According to the chosen criteria of high-quality science TPD six sub-categories on 
the same horizontal level were defined: (1) how to involve participants in active learning, 
(2) how is long-term involvement of participants ensured, (3) how are participants’ 
learning needs considered, (4) how is transfer from TPD into participants classroom 
practice fostered, (5) how is the development of teacher scientific competence fostered, 
(6) how are the impacts of the TPD measured.

Research Results

Participant Active Learning

Most of the studies reviewed focused on active participant involvement where 
teacher-learners engage in inquiry-based input activities followed by reflection about the 
experience and modelling the application of the learned content. Yang and Liu (2020) 
highlighted such approach. An input workshop in their TPD program consisted of six 
parts: (1) a short review, or lesson sharing; (2) a discussion of the focus of the workshop; 
(3) a first group activity or discussion based on the focus; (4) a second group activity or 
discussion based on the focus; (5) a presentation by the research team or guest speaker; 
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and (6) a debriefing and session evaluation. Not only in the TPD program developed by 
Yang and Liu (2020), but also in programs developed by Shernoff et al. (2017), Miller 
and Kastens (2018), Chen et al. (2017), Wilhelm et al. (2018), Drewes et al. (2018) 
and Murphy et al. (2018) such input workshops were used in pre-schoolyear summer 
institutes and in-year follow-up sessions. TPD models that combine summer and/or 
winter institutes with monthly follow-up sessions and independent implementation of 
learned into practice between the follow-up sessions have shown satisfaction between 
teacher-participants (Shernoff et al., 2017) and positively impacted student conceptual 
understanding (Miller & Kastens, 2018; Wilhelm et al., 2018). Binmohsen and Abrahams 
(2020) and Yoon et al. (2020) have investigated how programs developed according to 
similar TPD model have been conducted online. Their findings suggest that online TPD 
can be as effective as, and in certain places more effective than, the face-to-face TPD. 

Yoon et al. (2020) distinguished social ties, which can be developed through 
discussion boards or experience and resource sharing, as a key aspect of online TPD. 
Another approach that enables active involvement of participants in TPD is collaborative 
action research (CAR). Both Yin and Buck (2019) and Goodnough and Goodnough 
(2018) investigated how CAR can be used in TPD that is focused on implementation 
of classroom practices that promote student conceptual understanding. Both groups of 
authors concluded that CAR approach in TPD requires additional support to the teacher-
learners, who can border with individual mentoring, especially when novice teachers 
take part in CAR. 

Long-term Involvement of Participants

11 of 19 studies reviewed included TPD interventions that lasted for more than 
1 year. TPD interventions carried out by Yang and Liu (2020) and Chen et al. (2017) 
can be mentioned as the most longitudinal, lasting 5 and 4 years respectively. In both 
programs the long-term participant involvement was ensured through the summer 
institute – regular follow-up session model. Through participant questionnaire Yang 
and Liu (2020) identified an interconnection between teacher summer placement in 
research facilities and teacher-participant long-term involvement in TPD. Participant 
questionnaire answers indicated that the authentic experiences of scientific practice that 
teacher-learners experienced served as motivators to implement and teach the elements 
of these practices in their science lessons. 

Participant Learning Needs

Only few of the reviewed studies describe the identification and consideration 
of participant learning needs. An example of such practice was described by Miller 
and Kastens (2018). The authors investigated how implementation of dynamic 
physical models in classroom practice impact student conceptual understanding. The 
TPD included in the research started with teacher-participant interviews where in the 
curricula they teach they see the right fit for extended modelling practice. The further 
TPD program and implementation in classroom practice focused on learning units 
identified by teachers. The authors reported active teacher involvement in the two years 
of the TPD program and increase in student conceptual understanding regarded to the 
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curricular topics, where teachers implemented extended use of dynamic physical models. 
Another example of the evaluation of teachers learning needs was described by Stott 
(2020). Before a TPD intervention to promote conceptual understanding about chemical 
equilibrium, the author carried out a belief questionnaire and a biographical survey. Data 
analysis led to the identification of teacher sub-groups and development of two different 
TPD interventions. One – to foster the keystone practices to promote student conceptual 
understanding, the other – to focus on more complex classroom practices that promote 
student conceptual understanding.

The discussion section of almost all the articles reviewed mentioned participant 
needs as an area for future research. Logical connections between consideration of 
participant needs and mixture of input, application, and reflection; long-term involvement 
of participants and transfer from PD into participants’ everyday work can be identified 
(Figure 1). 

Figure 1
The Identified Connections between Criteria of High-quality Science TPD

The scheme, presented in Figure 1, doesn’t include the criterion that high-quality 
science TPD interventions must foster teacher’s scientific competence. Learning science, 
the understanding of concepts can’t be isolated from scientific skills. Understanding of 
concepts can be gained and assessed through use of science skills. The combination 
of understanding with skills leads to a complex outcome which is a step in developing 
scientific competence. 

Transfer from TPD into Participants Classroom Practice

Various ideas how to foster the transfer of the ideas, knowledge and pedagogical 
practices obtained in the TPD interventions can be highlighted in the reviewed articles. 
The studies conducted by Murphy et al. (2018), Yoon et al. (2020) and Binmohsen 
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and Abrahams (2020) described ready-to-use classroom resources as mediators for the 
implementation of classroom practices that promote student conceptual understanding 
into everyday work. In contrast Shernoff et al. (2017) used writing of curricular unit 
plans and lesson plans as a method to foster the transfer from TPD into participant’s 
everyday work. The authors report various outcomes as some teacher-learners 
struggled with appropriate implication of classroom practices that promote conceptual 
understanding in lesson and unit plans, but some – with implementation of aligned 
assessment strategies. Two case studies conducted by Longhurst et al. (2017 & 2021) 
investigated the mediators that help teachers transfer TPD into everyday work. In both 
studies the authors studied sub-samples of the teachers who managed this transfer 
best. The data collected in this investigation indicated that the personal construction 
and modification by teachers participating in TPD may be critical in achieving high 
levels of appropriation of instructional pedagogies provided during TPD interventions. 
Factors that influence appropriation of professional development and inquiry strategies 
include opportunities for personalized paths to appropriate conceptual or practical tools, 
planning for intentional adaptation allowing teachers to develop ownership attributes 
of pedagogical tools of instruction, and the support or creation of trusting cultures of 
learning where teachers develop long-term support systems. Miller and Kastens (2018) 
came to similar conclusions in their study about implementation of modelling practice 
to promote student conceptual understanding. The authors mention the deep engagement 
with modelling practice within the context of participant subject matter; adequate time 
and support to generate lessons that integrated the proposed strategies while maintaining 
each teacher’s autonomy; TPD interventions built around models that they were already 
using as key strengths of the TPD program.

Development of Teacher Scientific Competence

Conceptual understanding is interrelated with skills and beliefs that form scientific 
competence. Such scientific skills as argumentation (Cavlazoglu and Stuessy, 2017; Chen 
et al., 2017; Fishman et al., 2017; Murphy et al., 2018; Osborne et al., 2019), modelling 
(Miller and Kastens, 2018; Wilhelm et al., 2018) can be used as classroom practices 
to acquire conceptual understanding. Conceptual understanding is vital to form beliefs 
who can later form into behaviours and actions that help to solve complex global socio-
scientific issues (i.e., climate change) (Drewes et al., 2018). Also, student behaviour 
and actions they take to solve socio-scientific issues can be used in tandem with other 
practices to assess student conceptual understanding. 

Evaluation of TPD Impacts

Most of the studies reviewed use common methods to measure how TPD impacts 
participant practice. To uncover how the TPD impacted teachers practice mixed-method 
approach is common in the reviewed studies. Most of the studies include different 
combinations of such well-known TPD evaluation methods as semi-structured interviews 
(Mulvey and Bell, 2017; Yin and Buck, 2019), lesson observations (Daane et al., 2018; 
Drewes et al., 2018; Yin and Buck, 2019), participant and student questionnaires 
(Binmohsen & Abrahams, 2020; Yang & Liu, 2020), student conceptual understanding 
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tests (Drewes et al., 2018; Murphy et al., 2018; Yang & Liu, 2020), expert observations 
(Daane et al., 2018), and participant lesson plan analysis. Still there were few examples 
of novel methods of TPD impact evaluation. Cavlazoglu and Stuessy (2017) investigated 
changes in science teachers’ conceptions about earthquake engineering. One of the 
methods authors used to determine the changes in teacher-participant macro- and micro-
level knowledge after TPD intervention was teacher concept map analysis. Sherwood 
and Sherwood (2020) examined shifts in teacher perceptions of classroom instruction 
that promotes conceptual understanding before and after TPD experience. Visual 
research methods were used to collect qualitative data (teacher drawings), which were 
analysed and interpreted using quantitative methods, and compared with content analysis 
of teachers’ written text.

Conclusions

The analysis of the articles reviewed showed that almost all TPD interventions 
were designed according to criteria of high-quality science TPD interventions (European 
Network of STEM PD centres, 2019). A TPD model that provides interplay of input, 
application and reflection was summer institute followed by monthly follow up sessions 
during the school year with time for practice and classroom implementation or lesson 
studies between them. Another TPD model that can provide this complex interplay is 
collaborative action research. 

Both TPD models lead to a logical connection between input, application and 
reflection and long-term participant involvement as full implementation of TPD 
interventions developed according to the models takes at least one school year. Both 
models also include independent teacher practice followed by reflection which is a 
way how to foster the transfer from TPD to participant’s everyday work. Personalized 
learning paths, planning for intentional adaptation and the support or creation of trusting 
cultures of learning are some mediators that can develop teacher-learners ownership 
of the learned contents. The evaluation of TPD impacts must include mixed-methods 
approach, combining both qualitative and quantitative methods to evaluate how TPD 
has impacted teacher knowledge, perceptions, classroom practice and student outcomes.  
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