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Abstract

Communities of practice (CoP) can promote teachers’ professional
development (TPD) and change their practices. However, empirical
evidence is still scarce. To contribute to address this shortcoming, a single
case study was carried out aiming the analysis of an online CoP involving
teachers and researchers. Data collection included the used platform
statistic data and posts automatically recorded, as well as the CoP’s
documents. Content analysis took into account Clarke and
Hollingsworth’s (2002) Interconnected Model of Teacher Professional
Growth (IMTPG) and was centred in (a) the external domain and the
curricular development (CD) practices; (b) the domain of the
consequences of the work carried out regarding the developed science
teaching strategies; (c) the evidence of their innovative nature; and (d) the
CD principles enacted. The results show that (a) the members
participation varied during the interaction period and their dynamic fits
an adaptation of Wenger et al.’s (2002) stages of development of a CoP,
with two action-research cycles; (b) the CoP developed diverse teaching
strategies coherent with recommendations from the literature; (c) the
teaching practices were innovative and challenging; and (d) the CoP
enacted several principles of CD suggested in the literature. Moreover, the
empirical results validated the dimensions of the IMTPG.

Abstract in Portuguese

As comunidades de pratica (CoP) podem promover o desenvolvimento
profissional de professores e mudar as suas praticas, existindo, porém,
poucas evidéncias empiricas. Contribuindo para reduzir esta lacuna,
efetuou-se um estudo de caso tinico cujo objetivo foi a andlise de uma
comunidade de pratica online. A recolha de dados as estatisticas da
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plataforma usada, mensagens gravadas automaticamente e documentos
da CoP. A analise de contetido teve em conta o Interconnected Model of
Teacher Professional Growth (IMTPG) de Clarke e Hollingsworth (2002) e
centrou-se: (a) nos dominios externo e das praticas de desenvolvimento
curricular (DC); (b) no dominio das consequéncias do trabalho realizado
no que respeita as estratégias de ensino de ciéncias; (c) nas evidéncias de
inovagdo das praticas; e (d) nos principios de DC operacionalizados.
Verificou-se que (a) a participa¢do dos membros variou ao longo do
tempo e a sua dindmica se enquadra numa adaptacdo das fases de
desenvolvimento de CoP de Wenger et al. (2002), com dois ciclos de
investigacdo-acio; (b) a CoP desenvolveu diversas estratégias de ensino
coerentes com recomendacdes da literatura; (c) as praticas letivas foram
inovadoras, do tipo challenging; e (d) a CoP operacionalizou varios
principios de DC sugeridos na literatura. Os resultados empiricos
validaram também as dimensées do IMTPG.

Keywords: online communities of practice, teacher’s professional development,
Interconnected Model of Teacher Professional Growth, science teaching practices,
curricular development, innovation.

Introduction

The open and distance learning movement is increasingly growing and can take
different formats and shapes. One relatively new form of learning, particularly about
practices, is a consequence of the participation in social group, as communities of
practice or CoP (Lave & Wenger 1991; Wenger, 1998). CoP work on common
interests, shared objectives and resolve problems that are genuine and emergent from
the practices of the CoP’s members. When these communities use online
communications Tools, such as discussion boards or even mobile phones, to allow
interaction between the members and with artefacts or resources available in an online
platform, they are usually called online CoP.

Over the years, CoP have been extensively used to support professional development
(PD) and manage knowledge within organizations, in several professional contexts,
such as midwives, Liberian tailors, navy quartermasters and meat cutters (Lave &
Wenger, 1991) or even teachers (e.g., Cuddapah & Clayton, 2011; Howell, 2007).
However, and particularly in the Education area, studies frequently focus on the
description of how CoP can be created and sustained, as well as their advantages for
PD without presenting evidence of change in the teaching practices of their members
(Avalos, 2011; Dede, 2006; Lai et al., 2006). It is also uncommon narratives of work
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carried out in CoP involving teachers and researchers. Hence, this work aims to
contribute to fill this gap, reporting the contributions of an online CoP, involving
teachers and researchers, to improve Science Education (SE) teaching practices.

In line with the above mentioned, a single case study was carried out. An online CoP,
involving teachers and researchers in the domain of SE was analysed. The online CoP
members collaborate, using diverse online communication tools, to develop a
curricular module related with sustainably (Marques, 2014). The analysis was
performed taking into account the Interconnected Model of Teacher Professional
Growth (IMTPG) of Clarke and Hollingsworth (2002) and based on empirical data
concerning the interactions between the online CoP members and documents created
during the life cycle of the community.

Clarke and Hollingsworth (2002) claim that teacher professional growth occurs
through reflection and enactment in four domains: external (the stimulus triggering
the professional growth), personal (i.e., the teacher’s knowledge, beliefs and attitudes,
in sum, their competencies), practice (the teacher’s experimentation in his/hers
professional actions), and consequence (the acknowledged consequences of the
experimented actions). By presenting these domains interconnected, the model
proposes that a change in one domain can induce change(s) in another domain(s).
Thus, this model recognises multiple possible pathways in professional growth, and,
therefore, the occurrence of learning in different contexts and formats.

The developed work, the PhD of the first author, was based on two assumptions,
arising from the literature:

¢ online CoP have the potential to contribute to teacher professional growth (Dede,
2006; Lai et al., 2006; Loureiro et al., 2009); and

e achange in a teacher external domain, e.g., through the participation in an online
CoP, can induce changes in its practices and consequence domains (Clarke &
Hollingsworth, 2002).

This study, as other previous studies (Justi & Driel, 2006; Witterholt, Goedhart, Suhre,
& Streun, 2012), uses the IMPG to support the understanding of teacher professional
growth, regarding teaching practices developed in an online CoP. The research
questions were defined to focus the analysis in some of the IMTPG domains. They are:

1. What are the dynamics of interaction of the selected online CoP? - external
and practice domains;
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2. To what extend are the teaching strategies mobilised within the selected online
CoP coherent with indicators, from SE research, regarding effective strategies
concerning pupils’ learning? — consequence domain;

3. What is the potential of the work carried out by the members of online CoP for
the development and adoption of innovative teaching practices and, thus, for
PD? - consequence domain;

4. What principles of curricular development (CD), recommended in the
literature, were enacted during the development of the curricular module by
the online CoP? - consequence domain.

Each one of these questions was analysed during the course of the PhD of the first
author, as previously referred, and is coherent organisation (made in the thesis
introduction and conclusions) of four papers published in peer-reviewed journals as
follows: question 1 in Marques, Loureiro, and Marques (2016), question 2 in Marques,
Loureiro, and Marques (2015a) question 3 in Marques, Loureiro, and Marques (2011)
and question 4 in Marques, Loureiro, and Marques (2015b). This contribution is based
in the conclusions of the PhD and, thus, a synthesis of the main results and
recommendations regarding measures to promote the contributions of online CoP
aiming the innovation of SE teachers’ practices. Figure 1 shows the relation between
the research questions, the IMTPG and the emergent recommendations. The
explanation of the connection between the IMTPG domains will be made in the final
section of the paper.
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Figure 1. Relation between the research questions, the Interconnected model of teacher’s
professional growth or IMTPG (Clarke & Hollingsworth, 2002), the published papers and the
emergent recommendations

Methodology and contextualisation

The nature of the study is qualitative descriptive and exploratory (Berg, 2001; Yin,
2009), as the documentation of the contribution of teacher participation in online CoP
to teaching practice improvement is still scarce (Avalos, 2011; Lai et al., 2006). Both
the contemporaneity of the phenomena (in-depth study the selected online CoP), the
real life context studied, and the type of research questions proposed, justify the option
for a single case study methodology (Yin, 2009). Additionally, the aim was to deeply
understand a single case, without concerns to compare it with other cases and to
generalise the results (Yin, 2009).

The studied online CoP was established and sustained under a Portuguese research
project, named “Investigacdo e praticas lectivas em Educa¢do em Ciéncia: Dinamicas
de interacgdo — IPEC” (Research and practices in Science Education; dynamics of
interaction), financed by the Portuguese Foundation for Science and Technology
(FCT). In the context of the project four group were created. One of these groups, G2,
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was selected as the object of the present study since it presented several features of an
online CoP. Namely the members had a common goal, a shared practice, developed a
common repertoire, had a high sense of community, extensively used online
asynchronous community tools, in particular discussion forums (more suitable to
promote reflexivity), and collaborated during a long period, almost two school years
(Marques, 2008). Without the linearity and time constrains of synchronous
communication tools, were messages are typically brief, informal, and superficial,
asynchronous conferences are recognized in the literature as more conducive to higher
order thinking through literate writing (Lapadat, 2002) and were the ones chosen by
the group to interact at a distance.

G2 consisted of five female teachers (four specialists in biology and geology and one in
physics and chemistry), and three researchers in SE (two male and one female). The
teachers had a long teaching experience (11 to 21 years), most of them had a post-
graduation in SE, and all of them used information and communication technologies
(ICT), mainly word processor, Internet browser and e-mail. None of these teachers
had experience using ICT in distance learning. Regarding the researchers, all had a
PhD degree and more than 20 years of research experience. Two of them used ICT
tools as the teachers did and one was an expert in educational technology, thus used
ICT with several objectives, including teaching. The group developed a curricular
module related with the sustainability of a quarry and used a field trip strategy
accordingly with Orion (1993). The author posit that a field trip has tree moments
properly articulated: before the field trip, the actual field trip and after the field trip.
Before the field trip a preparation phase is carried out to reduce the novelty space in its
cognitive, geographic and psychological aspects. In other words, this is a
contextualization phase of the aimed learning. This phase is followed by a phase where
students interact with the natural phenomena on the site of the field trip, through
concrete activities (observation, data gathering, questioning the quarry responsible
...). Back in the classroom, after the visit, the students analyse and organise the data
and derive conclusion, in other words, this phase aims more abstract conceptual
learning.

To reply the first question (What are the dynamics of interaction of the selected online

CoP?) two years of online interactions regarding the planning, implementation and

assessment of a curricular module developed by G2 and all the documents produced in

this context, were analysed. The platform statistics were downloaded in order to

analyse the dynamic of the interaction (number of posts by month along the two years.

The posts and the documents were submitted to content analysis to characterise the
86



Best of EDEN 2016 9t Research Workshop, Oldenburg

dynamic of online CoP phases. The analysis scheme was produced as a result of a
literature review, regarding CoP life cycle, allowing to compare several models of CoP
phases of development (Gongla & Rizzuto, 2001; Grossman et al., 2000; Howell, 2007;
McDermott, 2000; Wenger, 1998; Wenger, McDermott, & Snyder, 2002). Content
analysis was performed using an adaptation of Wenger et al.’s model, integrating
features of other analysed, coherent with G2’s empirical data. The resultant instrument
is one of the contributions of PhD and is presented in the annex I. Concerning the
online CoP work strategy, it was contrasted with the action-research cycles of
Altrichter and colleagues (1993). More details regarding the methodological options of
this particular study are presented in Marques et al. (2016).

To answer the research question2 (To what extend are the teaching strategies
mobilised within the selected online CoP coherent with indicators, from SE research,
regarding effective strategies concerning pupils’ learning?), a literature review of
international studies, particularly meta-analyses of strategies with impact on pupils’
science learning (Furtak et al., 2012; Marzano, Gaddy, & Dean, 2000; Schroeder et al.,
2007; Wise, 1996; Wise & Okey, 1983) was performed. The emergent instrument of
analysis (Annex I) was applied to the curricular module plan and development, its
members’ final reports and the group’s published papers and communications. More
details regarding this work are presented in Marques et al. (2015a).

Regarding research question 3 (What is the potential of the work carried out by the
members of online CoP for the development and adoption of innovative teaching
practices and, thus, for PD?), the study of the innovative features of G2’s practices was
performed with literature descriptors proposed by Jaskyte et al. (2009) and Cachapuz,
Praia, and Jorge (2002). Here, the empirical data was submitted to content analysis
using these authors’ indicators of innovative teaching practices in SE (Annex III).
Once again, the resulting analysis scheme is one contribution of this work. More
details about this analysis’ methodology are presented in Marques et al. (2011).

At last, to address research question 4, G2’s enactment of CD principles, identified
through a review of international literature (e.g., Anderson & Rogan, 2011; Gaspar &
Roldéo, 2007; Kelly, 2009; Pacheco, 2005), was also analysed. A qualitative analysis
instrument with six descriptors was proposed and applied to the CoP’s empirical data.
Figure 2 synthetize the CD principles that emerged from the literature. More details
regarding this work are presented in Marques et al. (2015b).
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Figure 2. Schematic synthesis of the CD principles

Results presentation and discussion

As mentioned before, the research guided by question 1 addresses the external and
practice domains of the IMTPG. Regarding G2 teachers’ external domain, the data
collected allowed acknowledging the following CoP’s phases of development in G2’s
online interactions:

e Potential phase - involved the exploitation of the online platform used for the
interaction between the G2 members, the discovery of members’ common
interests regarding the teaching practice and the negotiation of the group work
plan, taking into account problems emerging from the teacher’s practices (see the
description below);

e Coalescing phase - G2’s members shared teaching experiences, discussed
educational concepts, made recommendations, read academic documents about
SE (journal articles, reports, ...), and developed a common practice — a curricular
module that was implemented by one of the teachers;
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Maturing phase — comprised the assessment of the curricular module and the
identification of the cutting edge issues, particularly the definition of the module’s
educational aims and assessment strategies. As a consequence, the curricular
module and all the teaching materials were revised to be enacted by all the
teachers. The implementation was made in collaboration with school colleagues
not previously involved in the project IPEC;

Stewardship — G2 developed a sense of property and pride in the developed work,
which was translated into its dissemination during the implementation of the
revised module and in scientific meetings (Marques et al., 2016).

The Figure 3 presents the statistics of the interaction during the development of the
curricular module by G2 and the online CoP phases along the interaction period that
fits an adaptation of Wenger et al.’s model, as referred in the previous section.
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Figure 3. Frequency of access and publication of messages
in fora by the teachers from G2

Concerning the practice domain and the description of the CoP’s phases, it can be
inferred that, during the course of about two scholar year, G2’s collaboratively
developed a curricular module performing two cycles of action-research, similar to the
cycles proposed by Altrichter and colleagues (1993): planning, implementation and
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evaluation. The starting point (in the external domain) was a reflection enacted by a
questionnaire where teachers were invited to share their problems related with
scientific topics and teaching strategies. This allowed the identification of teaching
practices problems by the teachers themselves and a sense of ownership during the
development of the curricular module materials and its implementation. During the
evaluation phase, new problems emerged related to the definition and alignment of the
module objectives with the assessment strategies. This led to an unexpected
collaborative processes; a working journey with invited experts (highly valued by the
teachers) was organised to discuss the new problems. The reflection during the
journey initiate another action-research cycle during the maturing phase as described
above.

Considering the theoretical framework of categorization of action-research cycles
proposed by Mamlok-Naaman and Eilks (2012), G2’s research process started as a
practice action-research and evolved to an emancipatory mode, due to the
development of innovative teaching practices, which were disseminated by the
teachers involved in their development. Moreover, action-research promoted teachers’
autonomy and changes in the teaching practices, as recognised in the literature (Borko,
2004).

Moving towards IMPG’s consequence domain, under research question 2, the analysis
showed that G2 developed a curriculum integrated field trip, contextualized in real
word situations and combining diversified teaching strategies, such as learning of
contextualized phenomena, debate in small groups or intentional questioning
(Marques et al., 2015a). All of these were referred in the literature as effective science
teaching strategies (e.g., Schroeder et al., 2007; Wise, 1996). Regarding the mobilized
resources, the main ones were information and communication technologies, e.g., for
presenting information, either by teacher and by pupils, or for reducing the novelty-
space (Orion, 2007); several laboratory and outdoors instruments; and G2’s fieldwork
guide. The traditional blackboard and textbook were not frequently used, contrasting
with other studies’ results (e.g., Herbert etal.,, 2003). Considering IPEC’s teachers
teaching practices characterization, made at the beginning of the project (Marques
et al., 2008), this analysis revealed an evolution of G2’s teachers teaching strategies that
was acknowledged by themselves (e.g., Morgado etal, 2008). Additionally, the
development of a content analysis instrument for effective teaching strategies in SE
allows educators aligning specific teaching strategies with indicators from meta-
analytic studies (e.g., Schroeder et al., 2007). This instrument is also useful for science
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teachers that which to diversify and adapt their set of teaching strategies, sustaining
their options in literature recommendations.

Still in the consequence domain, the research question 3 prompted the analysis of the
coherence of G2’s teaching practices with innovation indicators for SE, present in the
literature (Marques et al., 2011). In this study, empirical data was collected and linked
to 13 out of 14 innovation descriptors in science teaching, supporting the claim that
G2 developed challenging innovative practices (Adams, 2003). Moreover, other
teachers from G2’s schools got involved in this CoP practices. This contributes to
sustaining the claim that innovation created by teachers can more easily be
disseminated and adopted (Towndrow et al., 2010).

Finally, the literature review performed for research question 4 allowed identifying six
CD principles. Crossing these with the empirical data revealed that G2 enacted all the
principles:

e not centralized CD - in this CoP, the decision making was shared both by teachers
and researchers, as well as with other teachers from the G2 teachers’ schools and
even some contributions from their students;

e CD flexible and differentiated - the definition of alternative teaching and learning
sequences and the adaptation of the initial curricular module, to better fit each
teacher educational context, were important features;

e CD contextualized in Science-Technology-Society-Environment - the curricular
module is based on pupils’ analysis and decision making regarding a controversial
societal problem;

e Integrated CD - there is an explicit articulation of the academic subjects of
Geology and Chemistry;

e CD with iterative phases - two cycles of action-research were identified;

e Reflexive CD - this was shown in previous related work (Cruz, 2010).

Considering the above presented, the participation in this online CoP originated a CD
coherent with literature emerging principles, which was a relevant consequence for the
teaching practices of G2 members. This study allowed to empirically validate a set of
theoretical CD principles, as well as the literature-emergent analysis instrument
(Marques et al., 2015b).
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Conclusions and implications

In this case study, Clarke and Hollingsworth (2002) IMPG revealed to be useful for the
understanding of the implications for the professional growth of teachers participating
in an online CoP. Additionally, this study allowed to recognize some features for the
adaptation of the model to this context (see Figure 4), which are explained in the
following paragraphs.

Regarding the process leading to the development of a curricular module, the results
were analysed considering two cycles of action-research. These contributed to the
changing of teaching practices, in an emancipator way (Mamlok-Naaman & Eilks,
2012). In Figure 4, the changes in the analysed domains are represented, after
triangulation with the members’ views, which were disseminated in papers and
communications. The adaptation of the IMPG to this online CoP context is a
theoretical contribution of this work.
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Figure 4. Adaptation of Clarke and Hollingsworth (2002) interconnected model of professional
growth to the studied case

In this case study, the environment of professional growth or teacher PD, named
changing environment by Clarke and Hollingsworth, is the online CoP formed under
the IPEC project. The interaction dynamics established in this community are
coherent with an adaptation of Wenger, McDermott, and Snyder (2002) model. It
inclusively revealed a high variation in the levels of participation in the CoP activities,
during a two-year collaboration period. Among the stimuli characterizing this

teachers’ external domain are:

o the identification of problems emergent from the teachers’ practices (Marques
et al., 2008), and hence, with high relevance for the teachers and attending their
professional concerns;
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e the continued interaction between science teachers and researchers in SE, in an
online environment. This type of partnership is recommended in the literature
(e.g., Kraayenoord, Honan, & Moni, 2011);

o the sharing of a common purpose - improving teaching practice (Marques et al.,
2008; Wenger, 1998).

Reflection processes about, e.g., ideas and concepts discovered/revisited through
academic readings on SE; teaching experiences; or the explanation of why some
curricular decisions were made (as stated in, e.g., Morgado etal., 2008), induced
changes (represented by arrow 1, in Figure 4) in the practice domain. In this manner,
they lead to professional experimentation (represented by arrow 2) regarding planning
CD processes (collectively, literature informed, and with distance communication
tools); the implementation of new ways of teaching (new, at least for the teachers
involved in the online CoP); and even the development of unusual assessment
processes (Lucas & Vasconcelos, 2005). All of these occurred in a cycle of action-
research (Altrichter et al., 1993) that lead to the development of the first version of the
curricular module.

The reflective processes, on the curricular module’s assessment results, induced
changes in the consequence domain (represented by arrow 3). G2 members
acknowledged the innovative character of the developed practices (Morgado et al.,
2008). This study’s results support G2’s self-report, as it allowed identifying empirical
evidence pointing to the development of innovative and effective teaching strategies,
which are also coherent with CD principles from the literature. Simultaneously, the
same reflective processes lead to changes in the external domain (represented by
arrow 4) as the CoP’s dynamics started including interactions with teachers from G2
teachers’ schools, i.e., each G2 teacher was a disseminator of the curricular module, an
innovation, in their own school community. Thus, the action-research process they
undertaken acquired an emancipatory feature (Mamlok-Naaman & Eilks, 2012).
Furthermore, the acknowledgment of the consequences valued by G2 members lead to
the second action-research cycle, with contributes from their local group of teachers,
involving more experimentation in the practice domain (represented by arrow 5).

Finally, the personal domain appears greyed in Figure 4, due to the fact that this case
study focused in the identification of contributions of an online CoP of teachers and
researchers to their professional growth at the teaching practice level. Further research
should include the analysis of changes in the personal domain, as well as consider
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other theoretical frameworks, such as activity theory (Engestrom, 1999; Vygotsky,
1978).

At last, each one of the papers related to this synthesis effort present a set of lessons

learned. Here, we highlight the following recommendations to enhance the

contributions of online CoP of teachers and researchers in SE to the teaching practices:

expect participations peaks in the community activities and act accordingly, e.g.,
by promoting member’s interactions in critical periods;

value teachers’ contributions, increasing their confidence in their ability to
participate;

avoid deadlines close to the end of the terms, when Portuguese teachers seem to be
submitted to higher workload - similar limitations have been reported before
(Pereira, 2007), but not at this level of detail;

propose the development of cycles of action-research of the emancipatory type
(Mamlok-Naaman & Eilks, 2012).

support teachers in the theoretical clarification of teaching strategy (Leite, 2010);
support teachers in the broadening of their teaching strategies repertoire;

support teachers in the development of innovative challenging teaching practices
(Towndrow et al., 2010), instead of innovations imposed by, e.g., the government
(Aubusson, 2002).

References

1.

Adams, R. (2003). Perceptions of innovations: exploring and developing innovation
classification. Unpublished PhD, Cranfield University, Cranfield.

Altrichter, H., Posch, P., & Somekh, B. (1993). Teachers investigate their work: an
introduction to the methods of action research. London: Routledge.

Anderson, T. R., & Rogan, J. M. (2011). Bridging the educational research-
teaching practice gap: Curriculum development, Part 1: Components of the
curriculum and influences on the process of curriculum design. Biochemistry and
Molecular Biology Education, 39(1), 68-76.

Aubusson, P. (2002). An ecology of science education. International Journal of
Science Education, 24(1), 27-46.

Avalos, B. (2011). Teacher professional development in Teaching and Teacher
Education over ten years. Teaching and Teacher Education, 27, 10-20.

95



Best of EDEN 2016 9t Research Workshop, Oldenburg

10.

11.

12.

13.

14.

15.

16.

17.

Berg, B. L. (2001). Qualitative research methods for the social sciences (4™ ed.).
Needham Heights, MA: Allyn and Bacon.

Borko, H. (2004). Professional development and teacher learning: mapping the
terrain. Educational Researcher, 33, 3-15.

Cachapuz, A., Praia, J., & Jorge, M. (2002). Ciéncia, Educagdo em Ciéncia e Ensino
das Ciéncias. Lisboa: Ministério da Educacio.

Clarke, D., & Hollingsworth, H. (2002). Elaborating a model of teacher
professional growth. Teaching and Teacher Education, 18, 947-967.

Cruz, M. G. (2010). Interac¢ées em comunidades de prdtica online e reflexividade
docente: um estudo de caso envolvendo professores de ciéncias. Disserta¢ao de
Mestrado nao Publicada, Aveiro: Universidade de Aveiro.

Cuddapabh, J. L., & Clayton, C. D. (2011). Using Wenger's Communities of
Practice to Explore a New Teacher Cohort. Journal of Teacher Education, 62(1),
62-75.

Dede, C. (Ed). (2006). Online professional development for teachers: Emerging
models and methods. Cambridge, MA: Harvard Education Press.

Engestrom, Y. (1999). Activity theory and individual and social transformation. In
Y. Engestrom, R. Miettinen & R. Punamaki (Eds.), Perspectives on activity theory
(pp. 19-38). New York: Cambridge University Press.

Furtak, E. M., Seidel, T., Iverson, H., & Briggs, D. C. (2012). Experimental and
Quasi-Experimental Studies of Inquiry-Based Science Teaching: A Meta-Analysis.
Review of Educational Research, 82(3), 300-329.

Gaspar, L., & Rolddo, M. C. (2007). Elementos de desenvolvimento curricular.
Lisboa: Universidade Aberta.

Gongla, P., & Rizzuto, C. R. (2001). Evolving communities of practice: IBM Global
Services experience. IBM Systems Journal, 40(4), 842-462. Retrieved from
http://ieeexplore.ieee.org/document/5386943/

Grossman, P., Wineburg, S., Woolworth, S., & Washington, U. o. (2000). What
Mabkes Teacher Community Different from a Gathering of Teachers? (pp. 64):
Center for the Study of Teaching and Policy - University of Washington.

96



Best of EDEN 2016 9t Research Workshop, Oldenburg

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

Herbert, S., Rampersad, J., Akinmade, C., & Maharaj-Sharma, R. (2003). Lower
Secondary Science Teaching and Learning: A Glimpse into the Science Classroom.
School of Education: UWTI, St. Augustine.

Howell, ]. D. (2007). Online communities of practice and their role in the
professional development of teachers. Unpublished PhD Thesis, Queensland
University of Technology, Brisbane.

Jaskyte, K., Taylor, H. and Smariga, R. (2009). Student and Faculty Perceptions of
Innovative Teaching. Creativity Research Journal, 21(1), 111-116.

Justi, R., & Driel, J. v. (2006). The use of the Interconnected Model of Teacher
Professional Growth for understanding the development of science teachers’
knowledge on models and modelling. Teaching and Teacher Education, 22, 437-
450.

Kelly, A. V. (2009). The curriculum: Theory and practice (6™ ed.). London: SAGE.

Kraayenoord, C. E. v., Honan, E., & Moni, K. B. (2011). Negotiating knowledge in
a researcher and teacher collaborative research partnership. Teacher Development,
15(4), 403-420.

Lai, K. W., Pratt, K., Anderson, M., &amp; Stigter, J. (2006). Literature Review and
Synthesis: Online Communities of Practice. Retrieved June 1, 2008, from
http://www.educationcounts.govt.nz/__data/assets/pdf_file/0019/7480/Irs-online-
com.pdf

Lapadat, J. C. (2002), Written Interaction: A Key Component in Online Learning.
Journal of Computer-Mediated Communication, 7(4), 0. doi:10.1111/j.1083-
6101.2002.tb00158.x

Lave, J., & Wenger, E. (1991). Situated learning: legitimate peripheral participation.
Cambridge: University Press.

Leite, T. (2010). Planeamento e concepg¢do da acgdo de ensinar (Vol. 2). Aveiro
Universidade de Aveiro.

Loureiro, A., Vaz, C., Rodrigues, M.R,, Antunes, P. e Loureiro, M.]. (2009).
Factores criticos de sucesso em comunidades de pratica de professores online. Paper
presented at the VI Conferéncia Internacional de Tecnologias de Informagéo e
Comunicagdo na Educagdo, Challenges 2009.

Lucas, S., & Vasconcelos, C. (2005). Perspectivas de ensino no 4mbito das praticas
lectivas: Um estudo com professores do 7° ano de escolaridade. Revista Electrénica
97



Best of EDEN 2016 9t Research Workshop, Oldenburg

30.

31.

32.

33.

34.

35.

36.

37.

de Ensefianza de las Ciencias, 4(3), Articulo 4. Retrieved from
http://reec.uvigo.es/volumenes/volumen4/ART4_Vol4_N3.pdf

Mamlok-Naaman, R., & Eilks, I. (2012). Different types of action research to
promote chemistry teachers’ professional development: A joined theoretical
reflection on two cases from Israel and Germany. International Journal of Science
and Mathematics Education, 10(3), 581-610.

Marques, L., Loureiro, M. ]., Praia, J. F., Lopes, C., Marques, M. M., Pinho, S., et al.
(2008). Descrigdo detalhada das actividades efectuadas no decurso do projecto
IPEC. Aveiro: Universidade de Aveiro.

Marques, M. M. (2008). Gestdo curricular intencional numa comunidade de pritica
online: Um estudo de caso envolvendo professores de ciéncias. Unpublished MA
dissertation. Aveiro: Universidade de Aveiro. Retrieved from
http://hdl.handle.net/10773/1022

Marques, M. M. (2014). Comunidades de prdtica online: contributos para a prdtica
letiva: um estudo de caso no dmbito da Educagdo em Ciéncia envolvendo professores
e investigadores. Unpublished PhD. Aveiro: Universidade de Aveiro. Retrieved
from http://ria.ua.pt/handle/10773/13142

Marques, M. M., Loureiro, M. J. & Marques, L. (2011). Planning innovative
teaching practices in a community of practice: a case study in the contexts of the
Project IPEC. International Journal of Web Based Communities, Special Issue, 7(4),
429-441. doi: 10.1504/]JWBC.2011.042989

Marques, M. M., Loureiro, M. J., & Marques, L. (2015a). Science teaching
strategies developed in an online community of practice: a case study.
International Journal of Web Based Communities, 11(3/4), 305-321, doi:
10.1504/1JWBC.2015.072134

Marques, M. M, Loureiro, M. J., & Marques, L. (2015b). Desenvolvimento
curricular numa comunidade de pratica - principios operacionalizados no ambito
do projecto IPEC. Revista Academia y Virtualidad, 8(1), 35-53. ISSN 2011-0731,
doi: 10.18359/ravi.444

Marques, M. M., Loureiro, M. J., & Marques, L. (2016). The dynamics of an online
community of practice involving teachers and researchers. Professional
Development in Education, 42(2), 235-2577. doi: 10.1080/19415257.2014.997396

98



Best of EDEN 2016 9t Research Workshop, Oldenburg

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

Marzano, R. J., Gaddy, B. B., & Dean, C. (2000). What Works in Classroom
Instruction. Aurora, CO: Mid-continent Research for Education and Learning.

McDermott, R. (2000). Community development as a natural step. Knowledge
Management Review, 3(5), 16-19.

Morgado, M., Rebelo, D., Marques, L., Loureiro, M. J., Fernandes, 1., Tavares, A.,
et al. (2008). Exploragdo Sustentada de Recursos Geoldgicos - Uma Abordagem
Diddctica Interdisciplinar Desenvolvida em Contexto On-line. Artigo apresentado
no XV Simpdsio sobre Ensefianza de la Geologia, Universidade de Alcala:
Guadalajara.

Orion, N. (2007). A Holistic Approach for Science Education for All. Eurasia
Journal of Mathematics, Science & Technology Education, 3(2), 111-118.

Pacheco, J. A. (2005). Estudos Curriculares: para a Compreensdo Critica da
Educagdo. Porto: Porto Editora.

Pereira, M. (2007). Co-construgio de estratégias de ensino numa Comunidade de
Pratica online. Unpublished MA dissertation. Aveiro: Universidade de Aveiro.

Schroeder, C. M., Scott, T. P, Tolson, H., Huang, T.-Y., & Lee, Y.-H. (2007). A
Meta-Analysis of National Research: Effects of Teaching Strategies on Student
Achievement in Science in the United States. Journal of Research in Science
Teaching, 44(10), 1436-1460.

Towndrow, P., Tan, A., Yung, B., & Cohen, L. (2010). Science Teachers’
Professional Development and Changes in Science Practical Assessment Practices:
What are the Issues? Research in Science Education, 40(2), 117-132.

Vygotsky, L. (1978). Mind and society. Oxford: Blackwell.

Wise, K. C. (1996). Strategies for teaching science: What works? Clearing House,
69(6), 337-338.

Wise, K. C., & Okey, J. R. (1983). A meta-analysis of the effects of various science
teaching strategies on achievement. Journal of Research in Science Teaching, 20(5),
419-435.

Witterholt, M., Goedhart, M., Suhre, C., & Streun, A. (2012). The Interconnected
Model of Professional Growth as a means to assess the development of a
mathematics teacher. Teaching and Teacher Education, 28(5), 661-674.

99



Best of EDEN 2016 9t Research Workshop, Oldenburg

50. Wenger, E. (1998). Communities of practice: learning, meaning, and identity.
Cambridge: Cambridge University Press.

51. Wenger, E., McDermott, R., & Snyder, W. M. (2002). Cultivating communities of
practice: a guide to managing knowledge. Boston: Harvard Business School Press.

52. Yin, R. K. (2009). Case study research: design and methods (4™ ed. Vol. 5).
California: Sage Publications.

Acknowledgement

The authors acknowledge the engagement of the teachers involved in the IPEC project
and the support of the Portuguese Foundation for Science and Technology, through
the funding given to the Project IPEC (POCI/CED/58825/2004) and to the doctoral
studies of the first author (SFRH/BD/36177/2007).

100



Best of EDEN 2016

9t Research Workshop, Oldenburg

Annex | - Q1’s content analysis framework

Analysis framework of the stages of development of an online CoP involving teachers

and researchers in SE. The features that are not part of Wenger and colleagues’ CoP
life cycle are highlighted in bold.

Stages of
development

Some typical activities in CoP involving teachers and
researchers

Cycles of action-
research

Potential

Coalescing

Maturing

Tension: balancing discovery and imagination.
Teachers and/or researchers of a loose network find a
potentially common interest in a domain: to promote student
and teacher learning. Discovery of similar educational
problems, the sharing of a passion and the possibility of
professional development.
Awareness of the value of the community. Negotiation of the
educational topic (domain) and engaging issues, e.g., through
the definition of a work plan.
Identification with some members within the larger group,
e.g., defining work groups.
Exploration of the community’s facilities (available or in
development), e.g., an online platform with several
communication tools.
Giving/receiving technical support, e.g., asking for
orientation related to the use of an online communication
tool.
Tension: balancing incubating community and delivering
immediate value.
Improvement of the community’s relationships and trust, e.g.,
through face-to-face meetings. Official launch of the
community through community events. Discussion of group’s
norms.
Delivering immediate value by negotiating what knowledge is
useful to be shared and how to share it, e.g., to share literature
references on education, to share teaching experiences, to
discuss educational concepts, etc. Development of deep
knowledge on the individual practice of each other.
Awareness that colleagues are resources for learning.
Involvement in group’s discussions.
Giving/receiving technical support, e.g., asking for
orientation related to the use of an online communication
tool.
Tension: balancing the focus on the progression of the domain
and the expansion of the community’s membership and
perspectives.
Focus on developing a comprehensive corpus of knowledge
and on cutting edge issues within the CoP’s domain (organise,
classify and identify gaps in the developed work) - higher
demands of time and commitment.
Expansion of the community’s membership and perspectives.
Disruption of the community’s interaction, intimacy and
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Identification of
problems that
emerge from
practices
Reflection

Reflection (cont.)
Planning
Implementation
Evaluation

Evaluation (cont.)
Reflection
Planning
Implementation
Evaluation
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Stewardship

Transformation

domain. Common regulation of group’s behaviour.
Commitment to colleagues’ growth.

Growth of the community, through cycles of high and low
energy.

Ownership of the developed knowledge and practice, e.g.,
presenting the developed work in public. Building
relationships with other communities.

Open-mindedness (through accepting and soliciting) to new
ideas and members, to keep the relevance.

Tension: balancing ownership and open-mindedness.
Returning to a previous stage, conversing into a social group,
division into different communities, merging with others or
end of the CoP.

Tension: balancing the let go of the community (fade away
through the loss of its members) and the live on (remembering
the community through its legacy).

Possibility of returning to the community’s facilities to
access the built knowledge.

Evaluation (cont.)
Reflection

Public
presentation of
the results
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Annex Il - Q2’s content analysis framework

Type of action enacted by the teachers (t) or the students (S) and its description

Type of action Description of the action

Focus The protagonist (T or S) defines and/or negotiates the learning objectives, orally
or with the support of educational resources.

Planning The protagonist (usually S) decides on and makes arrangements for the tasks to
be performed, by whom, how and with what resources, orally or with the support
of educational resources.

Exposure The protagonist (T or S) presents ideas orally or with the support of educational
resources, without major interventions of others and with a longer or shorter
duration.

Questioning The protagonist (T or S) raises questions orally or written, to be answered by S.

Debate The protagonist (usually S), in interaction with other protagonists, analyses and

Research and
synthesis
Manipulating
instruments

orally exchanges ideas on a topic to reach a consensus.

The protagonist (usually S) collects information/data, processes it and
synthesizes it, with the support of the needed educational resources.

The protagonist (usually S) observes and interacts with laboratory or fieldwork
instruments.

Frequency of action of the different actors

Protagonist of the action Before Field trip After Total

N {(a) N (o) N(a) N(a)

Teacher

Individual student

Students in small groups
Teacher and students in the Class - shared protagonism

Frequency of use of the different resources

Resources to support the action Before Field trip After Total

N (o) N(@ N N

The resources are not explicit

Worksheet produced by the teacher or other material provided
by the teacher (for example, a newspaper article or legislation)
Technology related with static text and image (for example,
computer and datashow to display electronic non interactive

presentations)

Interactive technology (for example, computer with Internet
access and specific software)

Laboratory and fieldwork material (for example, geological map,
rock samples, camera, microscope or test tubes)
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Annex Il - Q3’s content analysis framework

Descriptors used posits that innovative SE teaching practices:

1.
2.

10.
11.

12.
13.

14.

aims the acquisition/development of concepts, capacities, attitudes and values;

bases teaching on socio-constructivist perspectives — proposes the study of
open problems;

bases teaching on socio-constructivist perspectives — promotes students’ active
participation;

bases teaching on socio-constructivist perspectives — promotes learning
through the negotiation of meaning;

values a global perspective of science — connects information to real problems
(STS contexts);

values a global perspective of science — promotes an interdisciplinary or a
transdisciplinary approach to the content;

values a global perspective of science — promotes awareness of the dynamic
nature of science;

teaches to different learning styles, e.g., through varied teaching methods,
activities and materials;

propose synthesis activities and critical reflection;
gives unorthodox and unusual assignments;

modifies old teaching strategies and develops new (research-based)
approaches;

encourages student feedback and reacts to it;

uses different methods of assessment, develops new and diverse student
learning assessment tools and learning assessment includes concepts,
capacities, attitudes and values;

evaluates the effectiveness of her/his innovative teaching method.
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