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IntelLEO technical services is not presented; the evaluation however, was carried out for 
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Abstract 

Aim - This study aimed at developing an LKB framework model for supporting teacher 
development in the temporarily extended organizations composed of universities and 
schools. The study aimed to map the main LKB components in the context of teachers' 
professional development; to identify the technological barriers that inhibit implementing 
such a model; and to propose application scenarios for the LKB framework in the pre-
service context.  

Methodology - in the design-based research, 10 persons were interviewed. Data was 
analysed using a qualitative framework analysis method.  

Main findings - The findings of the study exposed the following difficulties in applying the 
LKB practices for extended organizations for teacher development: teachers' sense of 
identity, technical issues and organizational barriers. Several scenarios were proposed to 
facilitate the LKB practices in the teacher development context with technology support. 
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The author of this research project formulated the research questions, prepared the research 
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phase. She also synthesized the results, made the interpretations of the study and prepared 
the manuscript. The rest of the IntelLEO partners contributed to the technological sections 
relating to the IntelLEO tools; however, these sections were not used in the current thesis. 
Kai Pata was also responsible for some data collection and analysis (evaluation of the 
IntelLEO tools); however, this contribution was not used in the current PhD research.  

Abstract 

Aim - This case study aimed at investigating the applicability of the technology-enhanced 
organizational LKB framework for reorganizing the in-service teachers’ accreditation 
process.  

Methodology – For investigating the current situation in teachers’ accreditation practices, the 
author of this thesis developed a web-based survey and conducted interviews, in addition to 
the IntelLEO data-collection survey for evaluating IntelLEO tools. The technology-enhanced 
accreditation scenario and IntelLEO scaffolding services were designed and evaluated 
during the focus-group interview.  
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Main findings - The results of the survey revealed obvious challenges and potential barriers 
in the current situation to supporting teachers’ lifelong learning practices with the LKB 
framework for teacher accreditation. An activity scenario supporting teachers’ technology-
enhanced accreditation was developed via a participatory design process with the teachers.  

Study III 

The author of the thesis formulated the research questions. The research instrument 
developed in IntelLEO project was partially expanded by the author. She designed the study 
for the formative evaluation. In collaboration with Kai Pata the data was collected and 
analysed. Author synthesized the results, made interpretations and prepared the manuscript. 

Abstract 

Aim – This article introduces the model for implementing the LKB framework for teachers’ 
accreditation. The implementation model in the article presents the phases of implementing 
innovation - in this case the LKB framework for the accreditation for developing the 
extended professional community – in the organization. The formative evaluation 
investigates the applicability of the proposed implementation model’s processes and phases.  

Methodology - A design-based participatory method was used and focus-group interviews 
were conducted. Narratives were used for illustrating the implementation model phases. 

The results – The systemic implementation model, targeted at practitioners, is described by 
using narratives from the formative evaluation. 

Study IV  

The author formulated the research questions. Together with Mart Laanpere the tool was 
developed that analysed the users traces in the system. In collaboration with Kai Pata the 
data was collected and analysed. Author of the synthesized the results, made conclusions and 
prepared the manuscript.  

Abstract 

Aim - The study proposes how an LKB framework that follows the knowledge conversion 
phases proposed by Nonaka and Takeuchi, supports teachers’ informal workplace learning. 
Study analysed, which LKB practices could be actually launched in the teacher 
accreditation.  

Methodology - The framework was formatively evaluated with 16 teachers. Data were 
collected from log-files of the portfolio system. Correlation analysis and Bayesian 
dependency modelling were performed.  

Findings – Correlation analysis and Bayesian dependency modelling revealed in which way 
the LKB practices were systemically interrelated according to the SECI phases, proposing 
how a socio-technical system might promote LKB in a professional community. It was 
found that community members’ different types of LKB practices with community tools 
provided different types of scaffolding – the domain-experts’ interactions directly influenced 
teachers’ knowledge building practices in the forum; the teachers’ reflections in weblogs 
were more directly influenced by other teachers’ comments in the blogs, rather than by the 
domain-experts’ comments.  
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ABSTRACT 

The purpose of this PhD research project is to investigate the process of the learning 
and knowledge building (LKB) in the extended professional community that is 
supported with the socio-technical system. The main focus of the research is on 
exploring how the learning and knowledge building practices can be systemically 
arranged in the socio-technical system where the knowledge is spreading around the 
individuals, groups and communities. Theoretically the LKB practices in the 
technology-supported extended professional community were grounded on the 
theories of self-directed and organizational learning, knowledge building theory and 
knowledge conversion SECI model as the systemic model for implementing LKB 
practices. Design-Based Research was methodologically used when designing, 
implementing and evaluating the LKB practices in the socio-technical system. The 
data was analysed by several methods combining the qualitative and quantitative 
approaches (e.g. content analysis of the focus group interviews; narrative analysis 
of the weblogs; correlation analysis and Bayesian Dependency Modelling of the 
users’ traces in the socio-technical system). The results of the design phases are 
reported in four research articles (Studies I-IV), originally published in scientific 
journals or peer-reviewed conference proceedings.  

As a result, the PhD research project first identified the current gaps in teachers’ 
LKB practices that may inhibit their professional development. Then the research 
project proposed LKB practices for teachers’ professional development in an 
extended professional development; technical LKB scenarios in socio-technical 
system and an implementation framework for implementing the technology-
supported LKB scenarios in extended professional community.  

The major findings of the PhD research project indicated that currently several 
evaluation procedures in teachers’ professional activities (e.g. pre-service studies 
school practice, induction year, accreditation, internal evaluations at schools) are 
bureaucratic, lack of feedback and do not encourage teachers’ continuing self-
directed learning. Based on the results of the PhD research project it was realized 
that portfolio-based community has a perspective to be used as part of the socio-
technical system in teacher education context as on one hand it provides 
possibilities for individual competence-based self-analysis and on the other hand 
teachers’ portfolios are available for learning in the community. Thirdly the project 
recognized that implementing innovations in the communities and organizations is 
slightly different as it faces different obstacles. The extended professional 
community does not have such hierarchical structures as in the traditional formal 
organizations, but the community needs the supportive decisions of the formal 
organizations for making the LKB practices authentic. Fourth, the PhD research 
project indicated that the role of scaffolding is important in the socio-technical 
system. It was identified that the community members’ different types of LKB 
practices with community tools might have prompted different type of scaffolding: 
the domain-experts’ interactions directly influenced teachers’ knowledge building 
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practices in the forum, however, the teachers’ reflections in weblogs were more 
directly influenced by other teachers’ comments in the blogs, rather than by the 
domain-experts’ comments. Thus it is recommended that implementing the LKB 
practices in the socio-technical system should focus on organizational supportive 
culture. Firstly such culture enables the authentic LKB practices in teachers’ 
professional development. Secondly it provides the members of the extended 
professional community who scaffold the development of the community 
knowledge through LKB practices. 
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1. INTRODUCTION 

1.1 DEFINING THE PROBLEM AND BACKGROUND INFORMATION 

According to Hargreaves (2000) we were at a crossroads in teachers’ 
professionalism at the beginning of this century. One possible future scenario leads 
to a diminished professionalism of teachers due to regulations, while another 
scenario calls for maintaining and pursuing professionalism through teachers’ 
participation. Thus far, teachers traditionally participate a few times a year in 
disconnected workshops or seminars with the aim of completing the required hours 
of continuing education and this is often labelled as ‘professional development’. 
Without a systemic approach to these individual learning or collaborative practices 
and without any attempt to integrate them into a composite, teachers’ lifelong 
learning tends to lack support and the development of communities of teachers, 
teacher educators, pre-service teachers and policy makers is not encouraged. The 
concept of professional development in current doctoral research is considered as 
a long-term process of aiding teachers in building new pedagogical theories and 
practices (Darling-Hammond and McLaughlin, 1995), which helps them to develop 
their expertise in the field (Dadds, 2001) and occurs when there are meaningful 
interactions (Clement and Vanderberghe, 2000) between the teachers and teacher 
educators. Sandholtz (2002) claimed that most teachers tend to experience 
professional development as a separate and distinct event (such as participation in 
an in-service training course), suggesting that teachers’ learning can be segmented 
from their regular work and also disconnected from its actual setting and work 
conditions. In the current doctoral research, when teachers enhance their 
professional knowledge, they are expected to participate in job-embedded 
professional development that is social, situational, and shared among colleagues 
(Putnam & Borko, 2000). The concept of knowledge as defined by Davenport and 
Pursak (1998) is a fluid mix of framed experience, values, contextual information, 
and expert insight that provides a framework for evaluating and incorporating new 
experiences and information. Knowledge in the current thesis can be individual, but 
can also belong to the professional community. The individual creates knowledge in 
the community, argues Holmqvist (1999). He points out that community-level 
knowledge can be documents, rules and routines and these are important for two 
reasons: (a) for individuals to be able to cooperate, they need mutual knowledge 
and (b) mutual knowledge and shared artefacts are important for guaranteeing 
consistency in the organization. Perceived change in the state of knowledge can be 
seen as the learning (Harri-Augstein & Thomas 1991). Learning can be detected 
for both individuals and communities, when members engage with each other and 
develop changes that enhance the community knowledge. This PhD research project 
places emphasis on the mutual interdependence of individual learning and 
organizational learning, considering that in the process of organizational learning, 
the members of the organization construct or reconstruct the existing organizational 
knowledge (Huysman, 2000).  
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The thesis is guided by the theory of Villegas-Reimers (2003) that teachers’ 
professional development has the focus of self-directed learning, when teachers take 
responsibility for their own learning. Self-directed professional development is 
defined as the professional development emerging from the teachers’ own 
initiatives, i.e. the process is internally regulated and initiated (Van Eekelen, 
Vermount and Boshuizen, 2006). Several authors (Bransford, Brown & Cocking, 
2000; Knowles, Holton & Swanson, 1998) claim that adults learn best when they 
are self-directed and building new knowledge upon prior knowledge. Brockett and 
Hiemstra (1991) claim that self-directed learning activities cannot be separated 
from that social setting and other people. Focusing solely on the individual learning 
process is a one-sided approach, says Vanderberghe (2002). He proposes that there 
is a need to move beyond the individual approach because individuals make sense 
of policy messages and change their teaching practice in conversation with 
colleagues, in ways that are deeply seated in broader social, professional and 
organizational contexts. Therefore, in addition to the personal self-directed learning 
process, teachers should be involved in a knowledge building process for sharing 
their professional knowledge and synthesizing it with their colleagues. Knowledge 
building, as defined by Bereiter and Scardamalia (2003) is a social constructive 
process that focuses mainly on the production and continual improvement of ideas 
of value to a community and the possible results produced by the shareable artefact 
or other type of material that contributes to the intellectual capacity of the 
community. In the current research the learning and knowledge building (LKB) are 
used together as they cover practices both from the individual as well as from the 
community point of view. These concepts consider how knowledge artefacts are 
created and shared by individuals and the community. In the literature chapter, the 
usage of concepts learning, knowledge building and practices as the main 
components of the LKB framework will be further explained.   

Teachers in their (LKB) practices create, share, modify their knowledge, learn from 
their peers’ knowledge, share the knowledge in the community and take the 
knowledge to the organizational level. Although recently the number of studies 
about teachers’ communities has grown (Duncan-Howell, 2007), the importance 
of the communities in professional development is still underestimated. Community 
in this PhD research project refers to either a formal or informal group of teachers, 
teacher educators, pre-service teachers and policy makers who collaborate with the 
aim of professional growth and shared interests. This thesis also uses the concept of 
an extended professional community. The extended professional community 
concept, proposed by Stoll and Louis (2007) denotes ‘an inclusive group of people, 
motivated by a shared learning vision, who support and work with each other, 
finding ways, inside and outside their immediate community, to enquire into their 
practice and together learn new and better approaches that will enhance all pupils’ 
learning’. In the current PhD research project, teachers’ professional development 
is viewed as a process of LKB that takes place in the extended professional 
community. Such a community in the context of this research involves in-service 
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teachers, teacher educators and pre-service teachers who aim to learn together and 
support each other’s professional growth.  

For transferring knowledge at the individual level to the community level and for 
conducting LKB practices systemically, a systems model is needed. The knowledge 
conversion SECI model, proposed by Nonaka and Takeuchi (1995), is the most 
suitable model for the current research project, because the focus in their model is 
the transfer of knowledge from the individual level to the group and community 
level. By implementing four phases (socialization, externalization, combination, 
internalization) in teachers’ professional development activities, teachers are 
encouraged to systemically learn individually, but also perform knowledge building 
practices with their colleagues in and across the communities thus contributing to 
the emergence of shared community knowledge.  

According to Paavola and Hakkarainen (2005), there is a lack of knowledge relating 
to how technology may support advanced workplace learning and the professional 
development of teachers. In the current PhD research, teachers were encouraged not 
to use one specific technological solution for LKB, but focus rather on how to 
conduct LKB practices with technological support in general in socio-technical 
system. According to Herrmann’s (2009) definition, a socio-technical system is the 
phenomena where human-computer interaction and human communication (face-to-
face as well as technically mediated) are systematically integrated. Organizing and 
knowing the role of technology supported LKB practices in socio-technical systems 
enables to support teachers’ professional development in extended professional 
communities. 

Based on the discussion above, the problem facing this current research is that 
instead of formal training-based professional development events, teachers would 
need to be involved in continuous and self-directed learning in the extended 
professional community. Teachers should be guided more into being a self-directed 
learner in the workplace - one who analyses their own professional development, 
participates in informal learning and also collaborates with their colleagues in the 
extended professional community. Such LKB practices need systemic support in 
order to combine different LKB practices into one composite. With the systemic 
approach to LKB, teachers may receive support from the community members for 
their own professional development; they can be guided to support each other and 
may feel more motivated to administer their own professional development.  

1.2 RESEARCH AIM AND QUESTIONS 

The aim of this research is to propose a framework of technologically supported 
LKB practices in the extended professional community that enhances the 
development of knowledge at both the individual and organizational level and 
supports the teachers’ professional development.  
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The study had the following goals: 

1. To map the current situation in teachers’ professional development with the 
LKB framework by exploring which current LKB practices in a teachers’ 
professional practice inhibit their professional development.  

2. To propose an LKB framework with technological support for an extended 
professional community that follows the elaborated SECI model and to develop 
the scenarios for different application contexts and formatively evaluate their 
functioning; 

3. To formatively evaluate the implementation process of the LKB framework in 
the Estonian teacher accreditation and pre-service context; 

4. To explore how the technology-supported LKB framework for enhancing 
teachers’ professional development functions in the socio-technical 
environment. 

 

Research questions 

1. Which current LKB practices and barriers that inhibit teachers’ professional 
practice can be identified? 

2. Which technology-supported LKB scenarios can be used in the extended 
professional community of teachers to initiate the LKB practices according to 
the LKB framework that follows the elaborated SECI model?  

3. Which aspects influence the implementation of a technology-supported LKB 
framework in the teacher education context at the individual and community 
level? 

4. How do the LKB practices for enhancing teachers' professional development 
support the members of the extended professional community?  

 

The main contributions of this research project are: 

a) The accommodation of the LKB framework in the extended professional 
community to support the professional development of Estonian teachers in the 
extended professional community of teachers based on the LKB barriers 
identified in the thesis. The framework is introduced in Studies I, II, III, IV; 

b) The provision of the empirically tested application scenarios for LKB practices 
in the extended professional community settings with the technology support. 
The empirically tested application scenarios are introduced in Studies I, II, III, 
IV; 
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c) The formatively evaluated implementation model for supporting the uptake of 
LKB practices as innovation in the extended professional community settings of 
Estonian teachers (the model is introduced in Study III); 

d) The results that demonstrate how the LKB practices support members of the 
extended professional community (as discussed in Studies III, IV).  
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2. THEORETICAL BACKGROUND AND KEY 
CONCEPTS 

2.1 LEARNING AND KNOWLEDGE BUILDING IN THE EXTENDED 
PROFESSIONAL COMMUNITY 

This section discusses the concepts of learning and knowledge building (LKB) and 
presents the association between LKB practices in the extended professional 
community and the SECI model. The proposed framework of LKB practices in the 
extended professional community fills in the gap in the field of teacher education as 
it handles teachers’ professional growth and development of knowledge and 
learning in the professional community simultaneously.  

Self-directed learning in the social context  

Kaschig, Maier, Sandow and associates (2012) claim that knowledge is socially 
constructed and is part of workplace practice. In knowledge organizations, practices 
for facilitating collaboration, creation, advancement and sharing of knowledge are 
considered as important challenges for professional and organizational development 
(Gherardi, 2006; Hakkarainen, Palonen, Paavola and Lehtinen, 2004). This research 
examines the concept of knowledge from the individual and organizational point of 
view and is based on the definition proposed by Davenport and Prusak (1998) – 
‘knowledge is a fluid mix of framed experience, values, contextual information, and 
expert insight that provides a framework for evaluating and incorporating new 
experiences and information. It originates and is applied in the minds of knowers. 
In organizations, it often becomes embedded not only in documents or repositories 
but also in organizational routines, processes, practices, and norms’. Nonaka 
(1994) claims that individuals in organizations create knowledge at the fundamental 
level and the process of creating organizational knowledge increases the knowledge 
created by individuals and crystallizes it as a part of the knowledge network of an 
organization. In the current thesis the organization is viewed from the system level, 
whereas the community is a less-structured object within the organization viewed 
from this system level. This research treats the concepts of the community and the 
organization collectively - not as being synonymous, but rather as different 
phenomena on a similar system level. Compared with the traditional organization, 
the community is less structured and without strong hierarchies, but still guided by 
the community norms and visions. Organizations are goal-oriented enterprises that 
involve some form of division of labour and usually have clearly defined 
boundaries. The goals of the community may be less determined and are changed 
dynamically through actions. Community members are part of the community 
because of their motivation and interest and membership is voluntary. 

Knowledge is a state and learning is a process, but since learning is invisible, it can 
be only presumed that individual learning has occurred by noticing changes in 
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person’s knowledge, claim Eraut and Hirch (2007). Learning appears if there has 
been some significant change in organizations, groups, or our own way of thinking, 
perceiving, and doing something (Harri-Augstein and Thomas, 1991). Bereiter and 
Scardamalia (2003) claim that learning is an internal and practically unobservable 
process that results in changes of beliefs, attitudes, or skills. From the literature on 
organizational learning, which is relevant to community learning in this research, 
Dibella and Nevis (1998) look at organizational learning as a social process 
whereby knowledge, created either by an individual working alone or by a team, 
becomes accessible to others.  

Law and Wong (2003) state that the greatest challenge to education in a knowledge 
society is not how to effectively help learners to acquire a defined set of knowledge 
and skills, but in helping them to learn how to manage, work creatively with ideas 
and contribute to the creation of new knowledge. In the current research, teachers 
are not only expected to learn traditionally in formal courses, but also to take 
responsibility for their own learning and be self-directed learners. Self-directed 
learning (SDL) according to Gibbons (2002) is any increase in knowledge, skill, 
accomplishment, or personal development that an individual selects and brings 
about by his or her own efforts using any method in any circumstances at any time. 
Gibbons emphasizes that in the case of SDL it is important to develop ownership of 
learning, as it will motivate a learner to pursue a learning goal and persist in the 
learning process. Fischer and Scharff (1998) claimed that SDL has gained its 
importance in the workplace, where it is seen as an important part of the 
discretionary use of knowledge (Lindstaedt, de Hoog & Ähnelt, 2009).  

There are three types of psychological learning functions that need to be carried out 
in SDL: preparatory (e.g. choosing learning goals and sub goals), executive (e.g. 
selecting information) and closing functions (e.g. thinking about future use and 
transfer conditions) (Simons, 2000). Individuals are responsible for taking the 
initiative for diagnosing their development needs, and choosing supportive 
resources. Ley, Lindstaedt and Albert (2005) claim that within the SDL the 
competence development including the autonomous defining of learning goals and 
learning paths, is an important activity. In rhe current doctoral research the 
professional development and learning process starts with the planning of 
competence development. The individual acknowledges the need for professional 
development, which competences might be developed, which resources may 
support the competence-acquiring process and so on. Competence in this research is 
defined as the personal characteristics (e.g. skills, knowledge, attitudes) that an 
individual possesses or needs to acquire, in order to perform an activity within a 
specific context, whereas performance may range from the basic level of 
proficiency to the highest levels of excellence (Sampson and Fytros, 2008).  

While one of the important aspects of SDL in the current research is competence 
development, the other aspect is reflection. Boud (1995) claimed that competence 
development involves learning from practice through reflection. Reflection has been 
also considered as an element in SDL when learners are reflectively engaged in 
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planning, monitoring and evaluating their learning (Little, 1991) and as Knowles 
(1975) stated, the activities of self-direction contain diagnosing and formulating 
needs, identifying resources, choosing and implementing suitable strategies and 
evaluating outcomes. This research focuses mainly on those aspects of reflection 
that are connected with workplace learning. Several authors (e.g. Schön, 1983; 
Lave, 1993) have said that reflection is critical to workplace learning because it 
enables employees to make sense of complex and dynamic situations. As the 
current thesis focuses mainly on adult learners and learning through practice, the 
definition of reflective learning will rely on Boud, Keogh and Walker (1985) – 
reflective learning activities are intellectual and affective in which individuals 
engage to explore their experiences in order to lead to new understandings and 
appreciations. In their model, the learner re-evaluates past experience by attending 
to its various aspects, thereby producing outcomes. Dewey (1933) and Boud and 
associates (1985) claimed that reflection has a strong social dimension. Most of the 
core processes in reflection (critical opinion sharing, asking for feedback, 
challenging group thinking, learning from mistakes, sharing knowledge and 
experimentation) can be realized only in the processes of interaction (Woerkom, 
2003). Based on the idea of Vince (2002), the current doctoral research accepts that 
reflection is an organizing process for creating and sustaining opportunities for 
organizational learning and change.  

Duncan-Howell (2007) studied the role played by communities of practice (CoP) in 
supporting teachers’ professional development. She claimed that communities are a 
valuable source of continuous professional development for teachers by enabling 
teachers to have access to authentic, relevant and flexible learning that is not 
constrained by time and can be accessed according to members’ needs. Also, 
Duncan-Howell (2007) found that communities facilitate the building of 
relationships and encourage professional communication among peers. Hoadley 
(2012) pointed out that, based on Lave and Wenger’s work in 1991, the CoP 
definition can be either feature-based or process-based. The feature-based definition 
suggests that CoP is a community that shares practice. However, if CoP is defined 
as a process, it includes the process of knowledge generation, application and 
reproduction. Hoadley (2012) stated that a learner enters into the community and 
over time, assumes more of the community’s identity and core values as well as the 
central practices of the group.  

The concept of CoP has changed significantly in recent years as well as the type of 
community with the emergence of a number of different paradigms in communities. 
Three basic distinctions central to CoPs are knowledge, community and shared 
practice (Wenger, 1998), but not every CoP has to be professionally oriented and 
learning is not always the aim - as in a professional learning community. However, 
knowledge building communities, as indicated by Hoadley (2012) are intentional, 
meaning that the goal of such a community is explicitly focused on learning and 
knowledge building. Riel and Polin (2004) have determined that there are several 
terms in use when we talk about social learning in the communities that are similar 
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in use but slightly different in meaning. These terms are learning communities, 
communities of learners, learning circles, learning organizations, knowledge 
communities, communities of practice and professional community. In terms of 
online environments, Riel and Polin (2004) describe three different, but sometimes 
overlapping types of learning communities: task based, knowledge based, and 
practice based learning communities. They examined these types of learning 
communities according to their membership features, task features, participation 
structures, and reproduction and growth mechanism. 

In teachers’ professionalism and learning in the community, the current thesis 
focuses on the concept of a professional learning community. Hord (1997) 
indicated that there is no commonly accepted definition of that community, but 
definitions are centred on the attributes or characteristics that transform a group of 
professionals working together, into a professional learning community. Based on 
literature, Hord provides five dimensions: (a) supportive and shared leadership, (b) 
shared values and vision, (c) collective learning and application of learning, (d) 
supportive conditions and (e) shared personal practice.  

The community referred to in the current thesis is the extended professional 
community. In that community teachers, teacher educators, and partners collaborate 
with the aim of supporting professional growth and improving teaching practice. 
Such a community may involve several formal organizations or informal 
communities and is formed in a cross-organisational structure and also in extended 
settings (comprising one or more formal organizations). Goodland (1994) suggested 
that school and university could develop collaborative relationships, improve 
teaching skills and strategies, and provide opportunities to update and improve pre-
service teacher education programs. Also Villegas-Reimars (2003) who conducted a 
literature overview on the professional development of teachers claimed that 
schools, teacher-preparation institutions, and other related institutions could work 
collaboratively for ensuring the development of teachers from the very beginning of 
their careers. However, such collaboration presumes that individuals of different 
organizations are willing to share knowledge and practices and to collaborate, not 
only in the organization where they work but also across the borders of the 
organizations. The concept of the extended professional community is the 
combination of a knowledge-based learning community and a practice-based 
learning community composed of the following elements: (a) knowledge based on a 
specific area, (b) shared activity among members of the community to produce 
knowledge, (c) a community of members who may or may not know each other 
personally and (d) inclusion in the community is based on voluntary participation 
(Riel & Polin, 2004). Extended professional communities enable bi-directional 
knowledge transfer and the infiltration of new pedagogical ideas across the borders 
of sub-communities. Such communities may help to address the widely known gap 
between theory and practice in the field of teacher education (Korthagen, 2001; 
Bozhuisen, Brommer & Gruber, 2004). In this research project the teacher-
educators, in-service teachers, policy-makers and pre-service teachers form these 
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sub-communities in which the members are expected to collaborate and harmonize 
their activities and goals for improving teacher education in general. According to 
Wenger (1998) the sense of belonging to the community can be increased through 
shared ideas and community practices. Also, this sense of belonging may be 
increased through knowledge building, sharing and learning in the community. This 
suggests that even in the phase of pre-service studies, the focus on community and a 
sharing culture should be emphasized and it should be continued in teachers’ 
induction years and in-service teachers’ lifelong learning programmes.  

Learning and knowledge building practices 

As discussed, learning is an internal process that can occur at the individual or 
organizational level. The result of the learning does not necessarily need to be a 
particular material, resource or artefact. Knowledge building as defined by Bereiter 
and Scardamalia (2003) is a social constructive process that focuses mainly on the 
production and continual improvement of ideas of value to a community and the 
possible results produced by the shareable artefact or other type of material that 
contributes to the intellectual capacity of the community. Bereiter (2002) makes a 
sharp distinction between learning and knowledge building. Learning, in his mind, 
operates in the realm of mental states, but knowledge building operates in the realm 
of theories and ideas. He refers to the Popers’ Three Worlds, in which World 1 is 
the physical world; World 2 is the world of our subjective personal perceptions, 
experiences, and cognition and World 3 includes conceptual objects such as 
theories and ideas, knowledge that may have been created and produced by the 
activities of World 2, while its artefacts are stored in World 3 (Popper, 1972). 
According to Bereiter (2002) the main goal of a community is not to learn 
something individually (i.e. to change or add to one’ own mental states) but to solve 
problems, create new thoughts and advance communal knowledge. It can be 
concluded that Bereiter’s knowledge building model emphasizes the creation of 
new knowledge and adding the value of conceptual artefacts. Paavola and 
Hakkarainen (2009) proposed the ‘trialogic’ approach to knowledge building to 
refer to those processes where people are collaboratively and systematically 
developing shared, concrete ‘objects’ together, and in that approach both 
individuals and social processes must be taken into account, and both conceptual 
artefacts and practices are developed. Compared with the knowledge building 
theory of Scardamalia and Bereiter (2003), this interpretation of trialogues by 
Paavola and Hakkarainen (2009) emphasizes both the development of practices and 
material aspects of artefacts. 

The current thesis proposes to use the two concepts, learning and knowledge 
building, together in the professional learning context, because they reinforce each 
other. For recognizing the learning of individuals, communities and organization, 
the change process itself – knowledge building practices with its results – the 
cognitive artefacts – needs to be external and shareable. Therefore, this research 
handles these two concepts together since they complement each other and may be 
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intertwined in professional development practices. They are therefore identified 
collectively as ‘LKB practices’.  

Systemic support for learning and knowledge building  

Bereiter and Scardamalia (2003) do not provide a systemic approach to knowledge 
building. The main goal is to create artefacts since learning in their approach is an 
unobservable process. One option for addressing the issue of how to systemically 
implement and evaluate LKB practices is to use an organizational learning model 
that handles the concept of knowledge at the individual and organizational level as 
the baseline. This research stems from the LKB paradigm and not from the 
knowledge management paradigm directly and as a result, the thesis does not probe 
into the knowledge management discourse. It could be even more appropriate 
terminologically to use the knowledge development model here, because it 
emphasizes the procedural character of learning processes (changes in the state of 
knowledge by which already existing knowledge is developed) (Haag, 2010). 
Knowledge development is not merely about what initiates or composes new 
knowledge, but also about already existing knowledge and knowledge that is 
modified, adapted, changed, interpreted, applied and evaluated differently, etc. 
(ibid.).  

There are several models that deal with knowledge creation (e.g. Engeström’s 
Model of Expansive Learning (1999); Stahl’s Model of Collaborative Knowledge 
Building (2000)) or the models of organizational learning (e.g. Senge (1990); 
Argyris and Schön (1978)). This research focuses on those models that look at 
individual and community level learning collectively. For instance, Argyris and 
Schön (1978) proposed a model related to reflection and organizational learning and 
known as the model of double-loop learning. According to these scholars, double-
loop learning occurs when error is detected and corrected in ways that involve the 
modification of an organization’s underlying norms, policies and objectives. In the 
double-loop learning an individual reflects on the practices and adjusts the goals 
and competences according to the organizational needs. Double-loop learning does 
not explicitly propose the process of knowledge conversion, but rather emphasizes 
how reflection supports organizational learning. Also, Argyris and Schön (1978) 
focused more on organizational development and less on individual development, 
since they state that the individual should adjust to the needs of organization, not 
that the goals and needs of individuals in different communities should be 
harmonized.   

Nonaka and Takeuchi (1995) proposed another widely known knowledge 
conversion model, which focuses primarily on knowledge creation and the transfer 
of knowledge between implicit and explicit forms, between individual and 
organizational levels. Their knowledge conversion model is referred to in this thesis 
by its acronym – SECI model - that is based on the knowledge conversion phases. 
In this model there is a distinction between tacit and explicit knowledge. Nonaka 
and Konno (1998) argue that there are two dimensions of tacit knowledge: a 
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technical dimension that involves personal skills and is referred to as ‘know-how’ 
and a cognitive dimension that ‘consists of beliefs, ideals, values, schemata, and 
mental models which are deeply ingrained in us and which we often take for 
granted’. According to Nonaka (1991), explicit knowledge is knowledge that can be 
expressed, codified, stored in databases or as text in books or articles, transferred, 
shared and managed by knowledge management tools. The model describes four 
stages (SECI): socialization (S) between individuals using tacit knowledge, 
externalizing it in individual reflections (E) in organizational context, that build the 
knowledge base for collaborative knowledge combination (C). That enables the 
process of bringing tacit, individual knowledge into explicit organizational 
knowledge and making it reusable for individual learning in internalization (I).  

Although the SECI model is widely known, it has also attracted a degree of 
criticism. The main barrier for its use according to Gourlay (2003) is that while the 
SECI model might be popular, there are very few empirical studies about the 
implementation of the SECI model and a meagre description of what the actual 
processes were in the different phases. Stacey (2001) claimed that Nonaka and 
Takeuchi (1995) treated the concept of knowledge as a ‘thing’ that can be 
possessed. Gourlay (2006) said that tacit knowledge cannot be converted into 
explicit knowledge, at least not in verbal expressions, and the same comment has 
been made by Hildreth and Kimble (2002) – if tacit knowledge cannot be 
articulated then it cannot be made explicit, for instance, externalized. But as the 
SECI model provides the systemic approach of how to plan, implement and perform 
LKB practices on the individual and community level, then the SECI model has 
potential to be implemented in the settings of the extended professional community. 
The SECI model treats knowledge as something that changes cyclically and is 
influenced by both the organization and the individual, not as knowledge that is 
transferred from one to other. Results of the meta-analysis of SECI studies by 
Tammets (2012) indicated that the individual learning of an employee should be 
more interwoven with the organizational learning. In this way the professional 
knowledge and practices of teachers will be transferred to the community level and 
to the organizational level, keeping the collective knowledge dynamically updated. 

As mentioned, the original SECI model targets organizational knowledge 
management and it does not focus on self-directed learning, competence 
development, planning of professional development, analysing personal 
competences and performed professional activities including the reflections of the 
individuals in the organization. Therefore the original SECI model was expanded in 
this current research to integrate these activities as well and to deepen the role of 
individuals in the SECI model. Since the original SECI model does not deal with 
knowledge transfer with computer-based technologies, Kimmerle, Cress and Held 
(2010) suggested that some aspects of the SECI model could be applied with 
technology support. Chatti, Klamma, Jarke & Naeve adopted the SECI model as a 
learning- process model with the focus on knowledge creation in the workplace 
using innovative social technologies (Web 2.0). Therefore, based on the idea that 
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the SECI model could be expanded with the support of technology and that there 
could be a focus on individual competence enhancement, self-analysing activities of 
teachers, reflections and collaborative knowledge building, the model was adopted 
(see Figure 1) for use in the teachers’ professional development context.  

 
Figure 1 The SECI model adapted for teachers’ LKB practices in the extended 
professional community (Tammets, Pata & Laanpere, 2012). 

 

According to the expanded SECI model (see Figure 1), in the socialization phase 
the members of the teachers’ extended professional community socialize in 
networks with the aim to discuss, share, shape and take ownership of institutional 
standards and community norms and visions. Teachers may discuss for example, 
the Professional Qualification Standard, the quality of learning materials, 
requirements for accreditation and so on. In the externalization phase, teachers 
externalize their tacit professional knowledge to the extended professional 
community in an explicit knowledge mode. Such externalized knowledge could be 
for example, their reflections on professional activities, the analysis of the acquired 
competences, the reflection on the last professional period at the organization, the 
plans for the next work or study period and so on. Comments, guidance, support 
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and feedback of professional knowledge to the other community members are also 
considered as an externalization activity in the proposed LKB framework. This 
would make the individual tacit knowledge explicit, documented and reusable as 
knowledge objects, which can be shared with other people. In the combination 
phase the community members perform group-based activities. The aim of these 
activities is to bring individual knowledge to the organizational level. For instance, 
teachers should work together to develop organizational normativity with respect to 
regulations, materials, goals, visions and tasks and to critically evaluate these norms 
and harmonize them with the individuals’ needs, aims and goals. As a result new 
requirements of accreditation, qualification standards, curriculum could be 
developed that are more authentic, because in addition to the representatives of 
formal institutions, teachers will have also contributed to the document’s creation 
process. In this case the organizational knowledge is being dynamically updated in 
collaboration with its members. The Internalization phase is an individual learning 
and development process. In this phase teachers observe, monitor, read different 
materials, learn from those materials that were created in the collaborative 
knowledge building practices and transform the explicit knowledge back to the 
internal and implicit knowledge. Phases like externalization and internalization are 
such phases that include practices, which the community members rely on (these 
are the phases where the professional knowledge will be shared and learnt), 
therefore these phases can be seen as the starting points where the practices start to 
evolve and change. The LKB practices and the knowledge artefacts are created in 
different SECI phases in the community level as Paavola and Hakkarainen (2009) 
explained. Knowledge building involves creation of the artefacts as well as creation 
of the practices. Paavola and Hakkarainen (2009) have discussed about the 
knowledge artefacts and practices for meaning making and they pointed that in the 
community it is important to build the common ground by jointly constructing 
external representations, practices and artefacts and such common ground is 
deepened (and provided) by modifying the community artefacts and practices 
(‘shared objects’) which are knowledge ‘objects’ of the collaborative activity within 
the community members.  These LKB practices are the practices of the knowledge 
community, which develop during the times and create the ownership within the 
community. Such practices are used as mediators for achieving certain goals in the 
community. Specific LKB practices throughout the SECI phases in the teachers’ 
professional development are discussed in detail in Results -Section 4.  

2.2 IMPLEMENTING TECHNOLOGY SUPPORTED LEARNING AND 
KNOWLEDGE BUILDING  

There is a need for shared space where members of the extended professional 
community can learn and collaborate and knowledge can be accumulated and 
stored. This section discusses why the proposed LKB practices should be 
technologically supported and introduces the concept of e-portfolio and a portfolio-
based community as a technological framework for the current research project. 
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The concept of a socio-technical system is used in this research project. The term 
has been in vogue since 1960 when Emery and Trist (1960) described systems that 
involve a complex interaction between humans, machines and the environmental 
aspects of the work system. Socio-technical systems bring people together to share 
information and to collaborate in situations where scaffolding enhances 
collaboration and the sharing of individual and group knowledge (Weinberger, 
Fisher & Mandl, 2002). Herrmann (2009) applied open and social technologies to 
the socio-technical system by suggesting that social technologies are systematically 
integrated with human activities. Such a system exhibits three important aspects: 
people, technology and community where the interactions occur. Hoadley (2012) 
proposed four techniques used by people to support communities with various 
technologies:  

(a) Linking people with others who have similar practices,  

(b) Providing some type of shared repository of information resources that is used 
by the community in its practices (where the knowledge truly resides),  

(c) Providing a tool to facilitate discussion with others. Examples of this may range 
from a bulletin board used globally by members of a support group for a rare 
disease, to commentary blog-posts in a password-protected blog for members of a 
professional association, an online videoconferencing tool etc.,  

(d) Providing awareness in a community of the information context of various 
resources. 

The socio-technical system in the current research is a portfolio-based community 
that supports teachers’ LKB practices proposed in the current research. The 
technical scenarios of the teachers’ LKB practices in the portfolio-based community 
are discussed in Section 4.  Through the LKB practices in the portfolio-based 
community, teachers are expected to create and store materials, reflect on and 
evaluate the professional activities in a weblog, participate in the (online) meetings 
with peers who have similar interests, give feedback to peers’ reflections and 
participate in a discussion with others in the forum. Through these activities, a 
personal identity will be developed in the personal space and a group identity will 
be developed through collaborative tasks. Acosta and Liu (2006) proposed the 
concept of an e-portfolio community. They claimed that e-portfolios could extend 
learning beyond the campus and foster a learning community. They also proposed 
that an e-portfolio community promotes new and authentic collaboration and 
provides the means to foster learning and reflections across the spectrum of 
academia and society. In general it seems that the concept of a portfolio-based 
community is new and empirical evidence of the benefits or disadvantages of using 
portfolio-based communities, for instance in a teacher’s professional development, 
are currently missing. The study by Tammets and Pata (2012) however, indicated 
that portfolio-based communities developed in Elgg did promote the development 
of the extended professional community of teachers and supported teachers’ 
learning in the community.  
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The essential element in a portfolio-based community is the individual space for 
teachers – the e-portfolio. Mills, Wearmouth and Gaitan (2012) claimed that in 
teacher training, e-portfolio technology has been rapidly adopted to support the 
development of teachers who demonstrate their competences against the required 
standards in their e-portfolio. Although portfolios and electronic portfolios have 
been under discussion for decades, Birgin (2011) claimed that there is still no 
absolute description for portfolios and their content and stresses that a portfolio is 
not just a simple collection of work, scrapbook, or album of events. Joint 
Information Systems Committee JISC (2008) has defined an e-portfolio as a 
product, created by the learner, a collection of digital artefacts articulating 
experiences, achievements and learning. Behind any product, or presentation, lie 
rich and complex processes of planning, synthesizing, sharing, discussing, 
reflecting, giving, receiving and responding to feedback. 

An important part of the teaching profession and LKB practices is reflection, as 
discussed in the previous section. Many teacher education programs have adopted 
e-portfolios as a tool for reflection, says Barro-Zecker (2012). Teachers’ individual 
reflections may become more meaningful in the settings of the community, 
especially with computer support: stored reflections enable the documentation of 
personal progress and aid in the planning for learning new competences and sharing 
annotated reflections with colleagues supports their use when learning from others. 
Additionally, teachers can reflect among networking partners as well as while 
participating in purposeful discussions to collaborate on some aspects revealed from 
personal reflections. Such an approach supports the development of the intellectual 
capital of the community. Reflections, as well as open discussion and knowledge 
building objects, become visible and shareable, all of which contribute to the 
intellectual capital of the community. In spite of this, one of the biggest issues in 
implementing the e-portfolio in the teacher education context is the absence of 
reflection. For instance, Meyer and Tusin (1999) have indicated that it is important 
to avoid turning portfolios into mere containers of artefacts with limited in-depth 
reflection. Borko, Michalec, Timmons and Siddle (1997) found that the limited 
reflective evidence in most portfolios could be attributed to the lack of interaction 
and dialogue. The mere collection of resources contributes less to the knowledge 
development in the community level as well, because the moment of reflection with 
the professional expertise is missing. Therefore it is important to focus 
instructionally on how to guide the teachers into reflecting on their SDL and 
competence enhancement. 

Launching the technologically supported LKB practices in teachers’ extended 
professional communities can be considered as an innovation for individuals and 
communities, which requires assistance in conducting the systemic implementation 
process. Implementation has been seen as the transit period during which targeted 
organizational members become increasingly skilful, consistent and committed in 
their use of innovation (Klein & Speer-Sorra, 1996). Lam (2004) has described 
innovation in organizations from three perspectives: (a) The relationship between 
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organizational structural forms and innovativeness, (b) Innovation as a process of 
organizational learning and knowledge creation, (c) Organizational capacity for 
change and adaptation.  

According to Klein and Speer-Sorra (1996) cross-organizational studies of 
innovation implementation are rare. Since there are few studies that describe 
implementing innovations in a cross-organizational setting (in the current thesis, the 
extended professional community) and there are no frameworks that one could 
directly adopt, the current thesis developed a model for the implementation of 
innovative LKB practices within and across communities. The model provides 
guidelines for modelling the implementation process in the extended community 
context and focuses on the implementation process itself as the phenomenon under 
investigation. The model is described in Section 4.4.  
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3. RESEARCH METHODOLOGY 

This section explores the design-based research and mixed-methods design that was 
used in the research for developing and evaluating the LKB practices in a 
technological framework. 

3.1 RESEARCH DESIGN 

The research methodology is based on design-based research, with the deployment 
of mixed methods with the aim of refining educational practice and intervention and 
developing a knowledge base in the field of teacher education that can be used on a 
global scale.  

This research project follows the principles of design-based research. According to 
The Design-Based Research Collective (2003), design-based research (DBR) is the 
methodology used to understand how, when, and why educational innovations work 
in practice. The DBR approach that tries to bridge educational theory, design and 
practice involves the use of mixed methods by blending both qualitative and 
quantitative approaches in analysing outcomes and in refining interventions (The 
Design-Based Research Collective, 2003). Markauskaite and Reimann (2008) have 
characterized DBR as an inter-disciplinary ‘mixed-method’ research approach 
conducted ‘in the field’, which serves both applied and theory-building purposes. 
DBR typically triangulates multi-perspective data from different sources for 
increasing the validity and reliability of the empirical findings but it also gives 
greater insight into phenomena of interest.  

Cobb, Confrey, diSessa, Lehrer and Schauble (2003) proposed the characteristics of 
DBR: Firstly, it is important that design experiments develop new theories about 
the process of learning as well as the means that are designed for supporting 
learning. Secondly, design-based research is interventionist in nature and design 
studies are ‘test-beds’ for innovation where the intent is to investigate the 
possibilities for educational improvement. Thirdly, design experiments are two-
sided: prospective and reflective. On the prospective side, design experiments are 
implemented with a hypothesized learning process. On the reflective side, design 
experiments are presumption-driven tests, often at several levels of analysis and in 
the testing phase, more precise presumptions are framed and tested. This 
prospective-reflective aspect of design-based research forms the fourth 
characteristic – iterative design. The development of the models, practices and 
research should take place through continuous cycles of design, enactment, 
analysis, and redesign. The fifth element focuses on design theory, which should 
work in real settings when practitioners and researchers work together.  

The current research project takes the prospective approach and is theory-driven 
with the aim to propose design framework of the LKB practices. Design framework 
developed in the DBR is a generalized design solution that defines the design 



30 

features, which are needed for achieving certain goals in a specific context 
(Edelson, 2002). As the LKB practices in the socio-technical system have not been 
studied yet, then the conducted studies were test-beds in the educational settings. 
The research postulated how the designed LKB practices could be implemented and 
after the trials and reflections about the testing phase, new presumptions were 
postulated. Finally, the model was used in real settings in a teacher-training context 
and the process was again reflected upon. This made the design phase iterative and 
cyclical.  

The research design of this research project (Figure 2) followed the principles of the 
design-based research phases, proposed by Reeves (2006): 

i) Together with the practitioners, the problem in the field of teacher education 
was analysed and defined. This phase included the literature overview and 
formulation of the research questions; 

ii) The LKB practices in the context of teachers’ pre-service and in-service were 
designed and developed in collaboration with the practitioners; 

iii) The LKB practices were evaluated and implemented in two cycles; 

iv) The implementation of the LKB practices was evaluated using different 
methods and the processes were reflected upon with the aim of producing 
design guidelines andenhancing the implementation of the LKB practices; 

v) Problems were analysed and defined for the new cycle of implementation of the 
LKB. 
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Figure 2 The design process of the PhD research project 

 

In the first cycle of the implementation, the proposed LKB practices with their 
possible scenarios and workflows were discussed and evaluated with different 
stakeholders in the field of pre-service school practice, induction year and in-
service accreditation (Studies I and II). The process is discussed in more detail in 
Section 3.3. In the second cycle the LKB practices were implemented with the 
teachers and domain experts, in the context of the extended professional community 
for supporting the teachers’ accreditation process (Studies III and IV). The process 
is discussed in more detail in Section 3.3. 

When investigating the implementation of technologically supported LKB practices 
in a certain educational context, the unit of the analysis is the collective activity as a 
whole and not the amount of different elements that indicate individual difference, 
as it is traditionally in the learning research, claim Salomon and Perkins (1998). 
That is the reason why the mixed method design was used in the current PhD 
research project - the LKB practices in the socio-technical system is seen as the 
authentic educational setting where different aspects are under the investigation and 
by using one data collection method it is difficult to get an overview of the 
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situation. For evaluating different phases with different methods and instruments, 
the mixed-methods design was used in the current research project. Mixed method 
research is the research where researcher combines quantitative and qualitative 
research methods, approaches, and concepts into a one study (Johnson & 
Onwuegbuzie, 2004) or in a multiphase series of studies (Creswell, 2002). 
According to Law, Nguyen-Ngoc and Kuru (2007), mixed-method evaluations and 
repetition of analyses across cycles of enactment are indispensable. The basic 
rationale for mixed-method design is that one data collection form compensates for 
any shortfall in the other form. Although the mixed-method research has a long 
history, Johnson and Onwuegbuzie (2004) suggested that researchers should make a 
conscious effort to start using it because it results in producing a more complete 
knowledge base necessary in the elucidation of theory and practice. Also such a 
method provides stronger evidence for a conclusion through convergence and 
corroboration of findings. They also point out some of the weaknesses of the 
method, such as how to qualitatively analyse quantitative data and how to interpret 
conflicting results. Bryman (2006) identified five dimensions for integrating 
quantitative and qualitative research: 

a) Simultaneously or sequentially collected qualitative and quantitative data – 
Data was collected sequentially (Sequential Mixed Method Design) when 
qualitative data collected in the Study I provided a basis for collecting another 
type of data in the Study II (Likert scale questionnaire) and Study III (logging 
traces in the system). Also in Study III the qualitative data was collected 
initially from focus-group interviews and reflections in weblogs and then in 
Study IV, the quantitative data from the system was collected.  

b) Priority – the quantitative or qualitative research – Considering all the separate 
studies, this research project essentially follows the qualitative approach because 
of the novel nature of the research object. Quantitative data was collected for 
receiving another type of perspective: members’ actual activities in the socio-
technical system and how these activities influence each other; 

c) What is the function of integration of the quantitative and qualitative research, 
e.g. triangulation, exploration and explanation? – The main function is the 
triangulation of the study, one data source complemented another and one data 
analysis method supported another method of analysis. Data collected from the 
focus-group interviews strengthened the analysis of the traces from the system 
and the written reflections in the weblogs complement the data collected from 
the focus-group interviews; 

d) At what stages in the research do mixed-methods occur? – Mixed-method 
research occurs in data collection and in the methods used to analyse the various 
forms of data; 

e) Is there more than one data strand, i.e. more than one research method and thus 
more than one source of data – this research had several sources of data. Focus-
group interviews and reflections were analysed qualitatively to study teachers’ 
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perceptions and attitudes towards the LKB practices, whereas logging traces in 
the system were analysed quantitatively.  

3.2 RESPONDENTS AND SAMPLING RATIONALE 

Study I – This study involved 2 pre-service teachers, 3 induction year teachers, 2 
in-service teachers and 3 teacher trainers. The sample was rather small, but in that 
phase the focus was on designing possible scenarios of LKB practices in the context 
of the extended professional community and such a participatory design approach 
does not usually involve many participants for achieving a breadth among 
participant users (Hackos and Redish, 1998). 

Study II – The first part of the study (design phase) also involved 3 teachers, who 
were considered as experts since they were the members of the Estonian Teachers 
Association (a state-level organization that connects different subject-teachers from 
across Estonia). Additionally, 53 participants answered the web-based Likert scale 
questionnaire. The Estonian Teachers Association collected the e-mail addresses of 
the teachers from the Heads of each school and forwarded them to the researchers. 
Responses were received from 60 schools and 53 teachers from these schools 
completed the questionnaire.  

Study III and IV – Thirteen (13) experienced Estonian secondary school teachers 
who intended to prepare themselves to pass the accreditation process in order to 
apply for the next career rank, participated in the study. One of the teachers was a 
music teacher, three of them were language teachers, one of them was a computer 
teacher, three of them were biology teachers and five were handicraft teachers. In 
addition, three experts were involved in the study – one accreditation-related expert 
from the Estonian Teachers Association and two from Tallinn University who were 
considered as experts on teachers’ professional development activities in the 
portfolio-based system (one of whom was the author of this research). 
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3.3 DATA COLLECTION METHODS AND INSTRUMENTS 

Table 1 illustrates samples and different data analysis collection methods in the 
Studies I-IV and maps them with the research questions.   

 

Table 1: Samplings, data collection and analysis methods and research questions in 
Studies I-IV 

Source Sample Data collection and 
analysis method 

Research question 

Study I 2 pre-service 
teachers, 3 
induction year 
teachers, 2 in-
service 
teachers and 3 
teacher 
trainers 

Focus-group 
interviews and 
design sessions 
 
Framework analysis 
method 

Which current LKB practices and barriers 
can be identified in teacher professional 
development?  
Which technology-supported LKB 
scenarios can be used in the extended 
professional community of teachers to 
induce the LKB practices according to the 
LKB framework that follows the 
elaborated SECI model?  
Which aspects influence the 
implementation of a technology-supported 
LKB model in the teacher education 
context at the individual and 
organizational level? 
 

Study 
II 

3 expert 
teachers; 53 
teachers 

Focus-group 
interviews and 
design sessions 
 
Framework analysis 
method 

Which current LKB practices and barriers 
can be identified in teacher professional 
development?  
Which technology-supported LKB 
scenarios can be used in the extended 
professional community of teachers to 
induce the LKB practices according to the 
LKB framework that follows the 
elaborated SECI model?  
Which aspects influence the 
implementation of a technology-supported 
LKB model in the teacher education 
context at the individual and 
organizational level? 
 

Study 
III 

13 teachers + 
3 domain 
experts 

Focus-group 
interviews 
Written reflections 
in weblog 
 
Content analysis 
Narrative analysis 

Which technology-supported LKB 
scenarios can be used in the extended 
professional community of teachers to 
induce the LKB practices according to the 
LKB framework that follows the 
elaborated SECI model?  
Which aspects influence the 
implementation of a technology-supported 
LKB model in the teacher education 
context at the individual and 
organizational level? 
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How do the LKB practices for enhancing 
teachers' professional development 
support the members of the extended 
professional community?  
 

Study 
IV 

13 teachers + 
3 domain 
experts 

Logging traces in 
the system 
 
Correlation analysis 
and Bayesian 
dependency 
modelling 

Which technology-supported LKB 
scenarios can be used in the extended 
professional community of teachers to 
induce the LKB practices according to the 
LKB framework that follows the 
elaborated SECI model?  
Which aspects influence the 
implementation of a technology-supported 
LKB model in the teacher education 
context at the individual and 
organizational level? 
How do the LKB practices for enhancing 
teachers’ professional development 
support the members of the extended 
professional community? 

 
Focus-group interviews and design sessions – Focus-group interviews were used 
for identifying ‘state-of-the-art’ LKB practices used by teachers (Studies I and II). 
The interviews were also used for discussing and evaluating the proposed LKB 
practices using technological support, with the stakeholders in the extended 
professional community (Studies I and II). Interviews that took place in face-to-
face meetings and were audio recorded used illustrative schemas for demonstrating 
the proposed LKB practices with the possible workflows of the SECI phases and 
scenarios. These included pre-service studies, the induction year and in-service 
teachers’ lifelong development; therefore the focus-group interviews also became 
part of the design sessions. Interviews were conducted in spring 2009. The author of 
the thesis developed questions for those interviews. During the focus group 
interviews, different stakeholders (pre-service teachers, novice teachers, university 
lecturers, pre-service practice supervisors from the school and in-service teachers) 
described: 

a) Which norms and required documents guide their professional activities; 
b) Which kind of documents they have to create; 
c) Which kind of documents are created in collaboration and with whom; 
d) Whom these documents are forwarded to and for what purpose; 
e) Which kind of technologies they use for their professional activities (and also 

during their studies) and for what purpose; 
f) Which kind of roles competences play in teachers’ LKB practices when they 

plan, analyse and evaluate their development based on these competences 
(teachers’ qualification standards, accreditation requirements and so on); 

g) Which ideal LKB practices using technology, are expected. 
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Figure 3 illustrates one of the schemas that were used for illustrating the LKB 
practices and scenarios in the extended professional community during the 
interviews in the design sessions. It illustrates the stakeholders involved and the 
process of harmonizing the individual and organizational objectives. 

 

 
Figure 3 Schema used in design sessions 

 

Focus-group interviews were used in both the implementation and evaluation 
phases as well for identifying the participants’ perceptions about the technology-
enhanced LKB practices conducted in the extended professional community (Study 
III). Interviews took place in face-to-face meetings and were audio recorded. The 
questions for these interviews were developed in collaboration with the IntelLEO 
project. This research analysed only those questions that were not related to specific 
IntelLEO tools, because evaluation of the IntelLEO tools was not the aim of this 
research project. The IntelLEO questions presented to the participants were: 

a) Which insecurities did participants face during the implementation and how did 
they react to it?  

b) Which organizational conditions (culture, processes, legal/ethical issues) proved 
to be supportive for successful learning and knowledge building? Which ethical 
and privacy issues were confronted during the usage of the system? 

c) Which facilitating conditions (training, support) were useful and what additional 
ideas do participants have to support users of the system? 

d) Which benefits do the services provide for the participants’ learning and 
knowledge building? 

e) Which information increased the participants’ willingness to get involved in 
learning and knowledge building? 



37 

Additional questions by the author of the thesis were: 

a) What kind of technical aspects are important to consider when implementing 
LKB practices? 

b) Who should support those teachers who would like to perform LKB practices in 
the workplace and how should this be accomplished? What control, supportive 
structures and organizational culture elements are relevant? 

c) How do you evaluate your competences to analyse your development, reflect on 
professional development, share the reflections and learn from the reflection of 
others after the course is over? 

 

Interview questions for the experts (Study III) were developed by the IntelLEO 
project. Only those questions that were not related with the specific IntelLEO tools 
were analysed in this research, because evaluation of the IntelLEO tools was not the 
aim of this research project. The IntelLEO questions presented to the participants 
were: 

a) What are the barriers to further development of the services in an organizational 
context? 

b) What is the potential of the IntelLEO services from the organisational or 
institutional perspective? 

c) Are there ethical and privacy issues to be considered? 
d) Which types of support, for example training, did the facilitators consider 

successful? 

 
Web-based Likert scale survey questionnaire – A questionnaire was used for 
identifying current LKB practices (Study II). It contained twelve statements based 
on the SECI phases. The author of the current research project developed the 
statements for the questionnaire. The questionnaire was piloted with two experts 
from the Estonian Teachers Association. The respondents were asked to select their 
response to each statement in terms of their activities in the accreditation context 
using a five-point scale ranging from ‘strongly disagree’ (1) to ‘strongly agree’ (5).  
The questionnaire was conducted in April 2010 and participation was voluntary. 
The statements were: 

Internalization phase:  

(a) It would be useful for teachers to learn from their colleagues’ accreditation 
portfolios. 
(b) Colleagues’ feedback to the e-portfolio reflections could support their 
development.  
(c) Taking into consideration a colleague’s feedback about their portfolios would 
help when planning their own professional development. 
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Socialization phase:  

(a) Receiving feedback on their performance would support their professional 
development. 
(b) Giving feedback to colleagues’ performance in their portfolios is beneficial. 

Externalization phase:  

(a) Reflections support professional development. 
(b) Documenting the moments of professional competence development encourages 
reflection 

Combination phase:  

(a) The habit of sharing learning resources, lesson plans and tasks with colleagues, 
is beneficial.  
(b) There is an interest in e-portfolios being published and used by other teachers 
for learning purposes. 

Written reflections in a weblog – Reflections were analysed in the implementation 
and evaluation phase of the teachers’ LKB practices (Study III) during the winter 
2011/2012. Reflections were analysed with the aim of obtaining an insight into the 
content of reflections and comments in a weblog. Such analysis gave insight into 
what aspects influence the implementation of the LKB practices because they were 
discussed in their reflections e.g. organizational aspects and technical barriers that 
influence their competence development process. Teachers were guided to write in 
their weblogs about competence development or enhancement process and it was 
considered as reflection. The author also provided the guiding questions that could 
be answered with their reflection, but answering these questions was voluntary.  

Logging traces in the systems - A special activity-logging tool was developed for 
this research project (not the IntelLEO project) during the winter 2011/2012 as an 
add-in module for the Elgg-based portfolio system for the implementation and 
evaluation phase of the LKB practices (Study IV). Analysing such data was done 
with the aim of validating if and how LKB practices took place between the 
community members and what interactions occurred in the system. The log 
contained data regarding all the actions users performed in the system in an 
extended Activity Stream format. Each log record contained the username, action, 
object, timestamp and context, e.g. ‘username1 added blog post on 27th December 
2011 at 17.06 p.m. to the communityX page’. The logging analysis tool was 
developed for the open-source Elgg platform. Elgg is a collaboration-oriented, 
open-source framework designed for educational use. Within Elgg, users can build 
their own learning community, and share and externalize their individual 
knowledge with their peers. The Elgg platform was used since Estonian teachers 
can use the analogical e-portfolio community ‘Koolielu’ (http://koolielu.ee) for 
their professional development. However, Koolielu was not used in the current 
research, because it does not enable automatic data-collection of user-activities at 
this level and it was necessary for this research (Study IV). The role of the author 
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in Elgg was to function as the administrator and facilitator. Another participant 
from the Estonian Teachers Association was the facilitator as well in the 
community while other teachers were participants. All the users of the system used 
the following functionalities:  

(a) Weblog for externalizing the knowledge – reflecting about the competence 
enhancement process;  

(b) The collaborative tool for preparing the accreditation portfolio or participating 
in discussions about learning materials;  

(c) A forum for socializing with peers and facilitators.  

Additionally, all the participants had a chance to prepare their public profile with 
their professional interests. It is important to consider that Elgg supports both 
personal and collaborative activities. Teachers used a personal weblog for 
reflections and prepared their accreditation portfolios individually.  The community 
aspect was strong where socialization and combination activities occurred between 
the members of the community. Also, the participants had a chance to visit the 
personal portfolios of the community members for reading and commenting 
purposes.  

3.4 DATA ANALYSIS METHODS 

Framework analysis – For analysing the focus group interviews in Studies I and 
II, the framework analysis was used. Ritchie and Spencer (1994) defined 
framework analysis as ‘an analytical process, which involves a number of distinct 
though highly interconnected stages’. The five key stages outlined are: 
familiarization; identifying a thematic framework; indexing; charting; mapping and 
interpretation. In this study the following steps were conducted: After the data was 
collected, the author and a colleague familiarized themselves with the recordings, 
which were then transcribed. The next step was to write the memos in the margins 
of the text including questions, ideas, phrases, which then led to the development of 
categories. In the fourth stage, the quotes from the original context were re-arranged 
in the newly developed appropriate thematic context. The categories of pre-service 
studies, induction year program and in-service teacher development context were 
identified separately in each group. The categories that emerged from the transcripts 
are shown in Figure 4. 
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Figure 4 Categories that emerged in Study I 

 

Likert scale questionnaire – The questions’ means and standard deviations were 
calculated. 

Content analysis – Content analysis was used in Study III for analysing the focus 
group interviews. The content analysis method involved codification of qualitative 
information into pre-defined categories. Coding was performed by two of the 
researchers and the different opinions about the categorization were mutually 
discussed until both researchers reached agreement on the categorization of each 
item. Neuman (1997) describes content analysis as a technique for gathering and 
analysing the content of text. Researchers may use two different approaches when 
analysing the data with the content analysis method; the categories can be pre-
defined or generated in the analysis phase. Pre-defined categories are usually 
defined before the empirical study begins and generated categories are created 
during the analysis process and they emerge from the text that the researcher is 
working on. In the Study III pre-defined categories were used that emerged from 
the theory: roles and responsibilities, motivation, critical barriers, facilitation and 
training and organizational culture regarding aspects of implementing innovation in 
the organization. These aspects are related with the implementation models aspects 
and that are discussed in the Section 4.4. Watts and Zimmermann (1986) claimed 
that, when using pre-defined categories, the focus tends to be more generalized and 
the categories tend to be theory-driven. In terms of this thesis the pre-defined 
categories were quite broad. For example the category ‘artefacts’ involved all the 
documents that are created in the specific teacher-training context. Category 
‘processes’ indicated for example that the pre-service student described how the 
process of a school practice portfolio is organized; to whom a pre-service teacher 
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presents the portfolio; who comments on it; who collects them and so on. The 
category ‘motivation’ included for example, all the aspects that influence teachers’ 
readiness to perform the LKB activities in the extended professional community 
and so on.  

Narrative analysis – Reflections in teachers’ blogs (Study III) were studied using 
narrative analysis. According to Riessman (1993), the aim of narrative analysis is to 
study how people express their experiences and make sense of events and actions in 
their lives. Riessman (2003) adds that there are different models of narrative 
analysis such as thematic analysis, structural analysis, interactional analysis and 
performative analysis. In this research, thematic analysis was mainly used, in this 
case the emphasis being on the content of a text – ‘what’ is said, more than ‘how’ it 
is said and the use of ‘told’ rather than ‘telling’. The researchers collected many 
stories and inductively created conceptual groupings from the data. In this research, 
the level of reflection was not important, but it was important what the teachers said 
about their LKB practices and the different supportive or restrictive aspects. Two 
researchers grouped the stories under the categories that were derived from the 
theory: roles, responsibilities, motivation, barriers, facilitation and training and 
organizational culture.  

Correlation analysis and Bayesian dependency modelling (based on logging 
traces) - One researcher categorized all the actions able to be identified from the 
activity stream based on the SECI phases. Following this, the categorized data was 
discussed with another researcher and the different opinions about the 
categorization were mutually discussed until both researchers agreed with the 
categorization of each item. In general, the socialization phase included general 
comments and discussions in the forum, whereas the combination phase included 
discussions regarding theoretical materials or organizational regulations (for 
example, on the teacher accreditation policy in Estonia) and the collaborative tasks 
based on individual competence development tasks. For every comment and 
discussion thread it was manually checked to see if the teacher’s purpose was to 
collaborate or socialize in the forum. Externalization included reflections in the 
blogs where teachers expressed their knowledge and experiences and shared it with 
the community, including the comments on these reflections. Internalization in this 
study was not measured. Log-information from the system indicated that teachers 
often just looked at the posts in the discussion forum, peers’ blogs or theoretical 
learning materials. (In this study, viewing in the system is considered as an action 
named ‘view’). The author counted the frequency of the performed activities and 
calculated the interrelations with the correlation analysis by using SPSS 18.0. The 
casuals were calculated with the Bayesian dependency-modelling tool B-course. 
Studying users’ traces and log information from the system supported analysis - 
analysing the actual LKB practices.  
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3.5 LIMITATIONS OF THE METHODOLOGY 

One of the limitations of the thesis is the small sample size and it can be argued 
whether the results can be generalized in the teacher education context. DBR rarely 
uses large numbers of participants because it is difficult to study novel solutions if 
there are many contributors. According to Patton (1990), credibility of the research 
depends on the richness of the gathered information and the variety of analytical 
capabilities rather than the sample size of the study.  

Lakkala (2010) have discussed about the methodological weaknesses of DBR and 
she points that in DBR it is challenging to define what counts as success or 
evidence of desired learning results in the data. She claims that it is not possible to 
construct test that would measure the learning gains concerning the phenomena 
under the investigation (LKB practices for supporting teachers’ professional 
development e.g.), as such process should be longer. In the current research the 
success was not measured by investigating if teachers’ professional development 
was raised after the LKB practices. Rather the implementing the LKB practices in 
the extended professional community were favourable outcomes and the 
interrelations between those practices. She also refers to Engeström (2008) who 
have said that DBR approach includes serious weaknesses e.g. vague unit of 
analysis. Although the results of the studies are not generalizable in the same way 
as studies that follow experimental design or use large samples with quantitative 
measures, but through combining the results from different studies it is possible to 
make generalizations and at least it is fairly safe to assume that results are ‘good 
enough’ to be tested in authentic educational settings (Lakkala, 2010). 

Cresswell (2002) claimed that in a mixed-method design, triangulation is an 
important aspect.  In this research the author used data triangulation and 
methodological triangulation to increase the validity of the results obtained. Four 
different data collection instruments were used that were analysed with six analysis 
methods and data was collected in three different sets (see Table 1). Also, member 
checks were conducted in the process of data collection and the procedure of 
analysis to ensure the accuracy of evidence (Lincoln and Guba 1985). This resulted 
in interviews being returned to the participants for verification and modification, if 
required. Additionally the investigator triangulation was used, the co-interviewer 
and coding was done in collaboration in all the studies.  
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4. FINDINGS OF THE EMPIRICAL RESEARCH 

The results’ section provides answers to the research questions of the PhD research 
project: 

1. Which current LKB practices and barriers that inhibit teachers’ professional 
practice can be identified? 

2. Which technology-supported LKB scenarios can be used in the extended 
professional  community of teachers to initiate the LKB practices according to 
the LKB framework  that follows the elaborated SECI model?  

3. Which aspects influence the implementation of a technology-supported LKB 
framework in the teacher education context at the individual and community 
level? 

4. How do the LKB practices for enhancing teachers' professional development 
support the members of the extended professional community?  

4.1 CURRENT LKB PRACTICES AND RELATED BARRIERS 

The Studies I and II identified obstacles in the current LKB practice that influence 
teachers’ professional development and organizational learning: 

 Pre-service teachers do not get systemic feedback on their paper-based school 
practice portfolios. The university gives a written feedback but it is not 
systemically saved in the paper-based documentation that facilitates learning 
from it in the future; 

 Stored paper-based school practice portfolios are not available to peers, which 
makes it impossible to learn from the peers’ experiences; 

 Paper-based learning materials created by the teachers and added as evidence of 
achieved competences to the practice or accreditation portfolios do not contain 
audio- or video clips, photos, links and slides, which makes the evidence-based 
assessment of acquired competences difficult; 

 Pre-service teachers are expected to practice self-analysis based on the 
Teacher’s Qualification Standard, which supports competence-based 
professional development. However, since the school practice documentation is 
paper-based and not systemically stored as a whole, the pre-service teachers’ 
development based on the qualification standard during the studies is not 
consistent. A pre-service teacher may benefit from viewing the competences that 
they developed, and to what degree, during a previous school practice and 
therefore can determine which aspects require more focus in the next school 
practice.  
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 Teachers’ extended professional communities do not evolve and function 
properly, because pre-service teachers do not feel that they belong to a 
community of teachers or teacher trainers. Additionally, the collaboration 
between university lecturers and school practitioners is weak. 

 In-service teachers’ paper-based accreditation portfolios or collections of simple 
text documents do not include web-based learning materials as evidence of the 
teacher’s professional performance nor do they include plans for the next 
working period. In the future, when a teacher wishes to apply for the next rank, 
she/he has no systemic recordings reminding her of what was presented to the 
commission during the last time of accreditation; 

 The current format of accreditation portfolio does not include feedback. The 
accreditation commission announces the results of the accreditation, but no 
feedback is given as to how to improve in the future; 

 The accreditation portfolio does not include reflection. Teachers are required to 
list all the evidence of passing training courses or guiding youth organizations, 
but they are not expected to reflect about their teaching activities. 

It can be concluded that in the teaching profession, there are several official 
procedures that require teachers to demonstrate their professional development 
during a specific period of time (different phases of school practice, the induction 
year for novice teachers, accreditation, internal evaluation etc. for in-service 
teachers). There is no systematic approach in current official procedures to integrate 
LKB practices. Practices are too formal and bureaucratic. These practices do not 
support teachers’ intrinsically motivated LKB for professional development and 
there is a lack of collaboration, provision of feedback and sharing of knowledge 
about competences among teachers. If such sharing, collaborating and creating 
LKB practices were intrinsically motivated and accepted by the different authorities 
(university practice centre, accreditation or other type of commission), then 
teachers’ professional development may become a lifelong process as suggested by 
(Darling-Hammond and McLaughlin, 1995). 

Based on the results of the studies that identified the current LKB practices and 
general attitudes and habits, it can be said that teachers need more systemic support, 
encouragement and guidance when performing LKB practices, because such LKB 
competences will not develop spontaneously. The attitudes towards publicity and 
openness can be responded to with authentic actions of support and scaffolding. 
Based on the results discussed, the main conclusion arrived at in the answer to the 
first research question is that two important barriers were identified in teachers’ 
LKB practices:  

a) Teachers are reluctant to perform LKB practices because of the lack of a 
supportive organizational culture; 

b) Teachers’ sense of belonging to the communities (especially extended 
professional community) is relatively absent. 
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4.2 TECHNOLOGICAL LKB SCENARIOS IN THE EXTENDED 
PROFESSIONAL COMMUNITY 

This research project did not develop or design any of the technologies, but used 
existing ones for implementing developed LKB scenarios. The technological 
framework for enhancing the LKB practices was a socio-technical system that 
consisted of a digital portfolio-based community system. Chen (2004) identified a 
portfolio as a tool for lifelong learning that supports the culture of self-assessment 
where the owner of the portfolio determines the next steps in the development 
process and identifies which knowledge or skill is needed. Additionally, a portfolio 
includes meaningful and comprehensive documentation of learning experiences, 
including all competences acquired throughout life (Flynn, 2004). Different 
portfolio functionalities that support the advantages of portfolios are discussed later. 

Figure 5 presents the combination of developed and evaluated technological LKB 
scenarios and illustrates different roles and organizations involved in the LKB 
practices in three different application contexts – pre-service studies, induction year 
and in-service teachers’ accreditation.  These application contexts are all combined 
together, interrelating LKB scenarios for supporting the professional development 
of teachers in the extended professional community. When the three phases of a 
teacher’s professional development are connected, the continuity in professional 
development is supported (Feiman-Nemser, 2001). Although the figure describes 
the role of a national level institution – The Ministry of Education – it was not 
included in the current studies, despite the fact they had an opportunity to evaluate 
the teacher’s electronic accreditation portfolio. Therefore, their role in this scenario 
may possibly be used in the future. Also the application context of the induction 
year was not empirically part of any of the studies, although the LKB practices were 
evaluated in the first phase with the stakeholders from the induction year as well. 
The figure shows which kind of LKB practices inspired by the SECI phases are 
performed, and each activity is connected with a certain tool. Additionally, it shows 
whether the dynamically accumulated knowledge or peer scaffolding in general 
supports LKB practices. All the scenarios followed the SECI phases and were 
enabled to perform LKB practices by using different tools and technologies. The 
technology used was a portfolio-based system based on the Elgg platform that 
includes portfolio functionalities and a community-building approach. This was a 
deliberate choice - teachers have the opportunity to develop their personal 
professional development portfolios at the same time as they participate in 
community activities. The Elgg platform was used since Estonian teachers can use 
the analogical e-portfolio community ‘Koolielu’ (http://koolielu.ee) for their 
professional activities. Figure 5 presents the portfolio functionalities that were used.  

Based on Studies I, II and IV that focused on technological methods and scenarios, 
it can be suggested that LKB practices should include the following activities in the 
portfolio-based community system:  
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 Weblog – may be used for reflections in the externalization phase. With Weblog 
being part of the portfolio-based community system, it can have greater 
technical possibilities for sharing the reflections with the community, 
accumulating professional knowledge, finding reflections through searching, re-
using and learning from them in the internalization phase and synthesizing 
personal reflections into collective knowledge or to have reflective discussions 
among the members of the group in the combination phase.  

 Competences – the competence models used in the current thesis were 
Teachers’ Qualification Standard V, accreditation requirements, Educational 
Technology Competences for Teachers. These models guide teachers’ 
professional activities. Currently Estonian teachers do not have many 
possibilities to use specific competence functionality with e-portfolio. Based on 
the evaluation of the scenarios, the current thesis proposes that if the 
competence functionality were systemically integrated into the personal 
portfolio, it could help the teacher plan professional development based on the 
competences in the internalization phase and analyse the professional 
development based on competences in the externalization phase. Innovative 
materials, lesson plans, qualifications and reflections can be connected with the 
acquired competences as evidence of the professional development; 

 Learning materials’ authoring tool – In the current thesis, co-construction and 
collaboration of what is important takes place in the combination phase. School 
practice tasks, lesson plans, worksheets can be prepared in collaboration with 
the members of the extended professional community; 

 Community functionality – The main aim of the portfolio-based community 
system is the possibility to create communities. In Studies III and IV, teachers 
were part of the community of the teachers and domain experts. In the 
community the links were shared, deadlines posted, socialization took place in 
the forum; learning materials were presented and modified.  
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Figure 5 Developed technology-supported LKB scenarios in the extended 
professional community 

 

Listed functionalities of the portfolio-based system illustrate the main technical 
possibilities that were proposed and evaluated in this research project for supporting 
teachers’ professional development through LKB practices in the extended 
professional community. It can be concluded that a portfolio-based system has 
significant potential to be a socio-technical system that supports personal learning, 
while enhancing community knowledge at the same time. Such a system has the 
functionalities for covering the LKB practices with the systemic SECI phases. 
Empirical evidence indicates that the participants face some technological barriers, 
but this is discussed in detail in the next section that covers the implementation 
aspects of LKB practices. 
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4.3 IMPLEMENTATION ASPECTS OF LKB PRACTICES IN THE 
EXTENDED PROFESSIONAL COMMUNITY 

This thesis developed and evaluated the implementation model in the setting of an 
extended professional community. Implementing innovations (as the LKB practices 
are) is not a one-time event, but is a continuous and on-going process. Figure 6 
presents several aspects in the research, but the model itself was directly introduced 
in Study III. The model aims to support implementing innovations in organizations 
in a way that individuals and organizations would be involved. According to this 
model, the extended community dynamically adopts its needs in accordance with 
the practices and technologies. The cyclical model consists of three interrelated 
phases of organizational change: (a) the participatory design of LKB practices using 
technology support; (b) the implementation of designed LKB practices and (c) the 
impact of implementations on an organizations’ responsiveness. The responsive 
system in the context of this research is an extended professional community where 
the members can use knowledge to adapt their actions to appropriately fit 
environmental conditions (Bray, Konsynski & Thomas, 2007). Sunassee and Sewry 
(2002) have proposed similar phases for implementing organizational change in 
their knowledge management model. 

The preparation phase - the participatory design of LKB practices using 
technology support. In this first phase it is important to:  

Define and involve the stakeholders that are involved in the implementation 
process. When people are invited to participate and when their ideas are taken 
seriously, their commitment to the change process will increase (Strauss, 1998). In 
the current research, LKB practices were adapted for the Estonian teachers’ 
accreditation context with the Estonian Teachers Association being included in the 
participatory design sessions. The Association was involved in the process because 
of their expertise in the accreditation context as well as their practical knowledge 
about teachers’ professionalism. The author of this thesis, who represented the 
public university, had expertise in teachers’ LKB practices in the portfolio-based 
system. 

Analyse the needs for defining the LKB gaps and opportunities in the specific 
context. The main LKB gap was that the accreditation procedure is not portfolio-
based and should be more evidence-based – the basis of the current PhD research 
project. There was a need to organize a course that could support teachers when 
preparing their accreditation portfolios and to evidence their development with 
different verifications. Additionally, in collaboration with the Estonian Teachers 
Association, a need was defined to guide teachers in analysing their development, 
not just to gather evidence and to co-construct artefacts with colleagues.  

Formulating and creating the vision of LKB in a specific, extended community 
context. The LKB vision for Studies III and IV was to support teachers’ 
technology-enhanced LKB practices in the accreditation context. The process 
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includes expertise from the Estonian Teachers Association and from a public 
university. 

Design or select suitable technology for the implementation process. Teachers 
tend not to use different social networks or belong to the extended professional 
community in the settings of online communities. Barab, Kling, and Gray (2004) 
stated that researchers generally use a course environment in which participation is 
reinforced with a grade. Sprague (2006) pointed to ‘mandating by universities’ as 
the main motivation for teachers to participate in online professional development. 
Therefore, Baran and Cagiltay (2006) claim that there is a need to investigate 
environments in which teachers may discuss topics voluntarily. For the current 
thesis the open-source platform Elgg was used, as it is similar to the information 
portal for teachers that they are probably currently using. As the study aimed to 
analyse teachers’ traces, then Elgg supported the addition of the required add-in 
module, but in the information portal this was not possible.  

 
Figure 6 Implementation model of LKB framework in the extended professional 
community 
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The second phase - the implementation of designed LKB practices  

The implementation process started with the designed LKB practices. In 
conjunction with the Estonian Teachers Association, an agreement was reached on 
how to implement the LKB framework for teacher accreditation in the extended 
professional community and on the best methodology for analysing the 
implementation process. For supporting the technology-supported LKB practices in 
the accreditation context, a free-of- charge training course for in-service teachers 
who are interested in raising their career rank this term was launched. This course 
aimed at simulating the LKB practices of an extended professional community 
according to the accreditation scenario developed in the previous phase and 
illustrated in the Figure 5. The course duration was 15 weeks and partially web-
based. It contained three 6-hour face-to-face contact days when teachers could learn 
how to use technologies, receive help and discuss theoretical issues of the course. 
The course had two goals: (1) To give the necessary knowledge and skills to 
teachers for preparing and presenting the accreditation e-portfolio and (2) to give 
the necessary knowledge and skills to teachers for preparing the learning paths of 
the teacher ’s professional activities. These learning paths were part of the self-
analysis in their accreditation e-portfolios. 

The third phase - the impact of these implementations on the organizations’ 
responsiveness   It was important to validate the model for getting feedback for the 
next iteration of the implementation. In the current thesis, the focus-group 
interviews and written reflections in blogs were used for determining if the LKB 
practices in the extended professional community settings influence organizational 
responsiveness. In this phase the organizational gains (how the LKB performed 
across the organizations) and individual gains (ownership of the LKB practices, 
motivation to perform LKB) were analysed. Feedback was collected from the 
members of the extended professional community. Firstly, the organizers of the 
training course analysed the feedback to see if the implementation was successful in 
terms of set goals and if the scaffolding and monitoring of the participants was 
enough. Secondly, the traces in the system hinted at what kind of LKB practices 
were performed less actively and how it may have influenced the development of 
LKB practice. Thirdly, the feedback from the participants for the implementation 
process served as an input for analysing their needs and what should be done 
differently next time. Such analysis and measurement support the changing of the 
implementation process based on the data collected from the participants and 
systems. Therefore, the implementation process becomes cyclically updated and 
supports the needs of individuals in performing LKB practices, and communities 
when developing the collective knowledge. In this phase it was important to 
communicate the LKB changes to the community members, policy makers or other 
stakeholders. In the current PhD research project the formulated results were 
addressed to the teachers and the Estonian Teachers Association presented the 
results to the workgroup that currently redesigns the teachers’ accreditation policy. 
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The university received feedback on how to provide more support for teachers’ 
LKB in a portfolio-based system and how to redesign the training course. 

Based on the literature overview, implementing innovations in the settings of the 
extended professional community faces several barriers. The following barriers are 
discussed with theoretical insights combined with the empirical evidence from the 
implementation process carried out in the current thesis.  

Motivational barriers – Studies I, II and III indicated that teachers are not 
generally supported to analyse their development systemically and even if they 
could do it, then it would probably be difficult for them to share it with the 
community. Helleve (2010) also claimed that teachers do not have a habit of 
reflecting on their work, sharing such reflections with their colleagues, and learning 
from the feedback. One teacher in the current thesis pointed out that if I knew that 
my professional portfolio was accepted in different evaluation processes, I’d be 
more motivated to update my portfolio systematically. Then it would be a more 
natural process—I would regularly document my activities and I wouldn’t have to 
analyse myself at the end of a year in just a few days, but I would have updated my 
development during the year (Study III). Teachers’ technology-performed LKB 
practices should be accepted by the authorities in the context of the induction year, 
accreditation, applying to the university for a job position, internal evaluations and 
so on. Teachers would be more motivated to develop and update their e-portfolios if 
these were accepted in different evaluation processes. The development process of 
an e-portfolio becomes more authentic if the teacher knows that the e-portfolio can 
be used at any time and in any place when the teacher has to illustrate or prove 
professional development and required competences; 

Critical barriers and tensions – Mohd, Nizam, Rodina and Noor (2008) pointed to 
barriers in the implementation process of technology-supported activities:  

(a) Human factor – lack of participation of all individuals, professionals’ experience 
and skill and lack of adequate training;  

(b) Political factor – lack of the established organizational policies;  
(c) Cultural factor – expertise in implementing cultural changes;  
(d) Goals factor - lack of consistency between software processes and the 

organization’s strategic objectives; unrealistic expectations about the LKB with 
technology;  

(e) Change-management factor - no support during orientation and no technical 
support.  

Teachers in the current research pointed to several barriers. Insufficient 
technological competences can be critical when performing LKB practices (In 
order that a teacher can use technology in professional activities, the technology 
must be in working condition. A facilitator (or educational technologist) should be 
present who can help teachers with different kinds of technical issues (Study III). It 
is possible that if the teacher becomes more experienced with the technologies, then 
the technologies become a medium that enhances and supports daily activities. 
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Additionally, lack of time is an important aspect that influences teachers’ LKB 
(Starting to document my professional activities on a computer means that I have to 
skip the enjoyment of sitting on a sofa doing fancywork, which is a more enjoyable 
activity, comments a craft teacher from Study III).  

Control process: roles and responsibilities – Riege (2005) identified some critical 
barriers related to roles and responsibilities in terms of sharing culture in the 
organization: (a) Lack of leadership and managerial direction in terms of clearly 
communicating the benefits and values of knowledge sharing practices; (b) 
Hierarchical organization structure that inhibits or slows down most sharing 
practices; (c) Restricted and one-directional communication and knowledge flows 
(e.g. top-down); (d) Use of a rigid hierarchy, position-based status, and formal 
power. In the current studies, teachers did not emphasize any specific moments 
related to the control processes that influence their LKB, but they did admit that 
management misses valuable opportunities to listen to their valuable input. (I think 
that I know more about my intelligent and capable colleagues than our 
management does; I know what they are doing, what they are doing well, and what 
courses they are interested in. Sometimes it seems to me that management does not 
value my smart colleague, because they just don’t know her Study III). Currently, 
schools seem to favour the hierarchical structure of the organization that inhibits 
their LKB practice. Teachers need to know that their voice is needed by their 
organization and that their professional knowledge and practice is valuable. 

Organizational policy and culture - Riege (2005) pointed out that the existing 
corporate culture does not provide sufficient support for sharing practices; there is a 
lack of social networks; knowledge retention of highly skilled and experienced staff 
is not a high priority; others have a low awareness and realization of the value and 
benefit of knowledge that one possesses; there is a dominance of sharing explicit 
over tacit knowledge such as know-how and experience that requires hands-on 
learning, observation, dialogue and interactive problem solving. The participants in 
Study III considered organizational culture as one of the important aspects (The 
fact that organizations could take advantage of teachers’ knowledge and 
experiences is not currently recognized. Knowledge is moving and changing 
between teachers, colleagues and communities, but the school, as an organization, 
seems to be not interested in it; If schools were to follow the teachers’ portfolios, 
they could see the actual practices of its employees and according to that, schools 
could redesign and modify their goals and direction; Schools need loyal teachers, 
who produce good students, keep the school in the list of ‘five best schools’ (by 
exam-results) and bring new, smart students to the school, not someone who thinks 
only about one’s own professional growth. Study III).  

Facilitation and training - Niazi, Wilson and Zowghi (2003) have claimed that 
training is a success factor in the implementation of software processes and they 
likewise, believe that learning appears as an important factor in the success of 
implementing technology. Before the implementation process, thorough training 
should be conducted. Studies III and IV indicated that teachers perceived different 
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types of scaffolding that supported their LKB practices. Teachers pointed out that a 
supportive facilitator (domain expert) was important (In addition to time, I need a 
very competent supervisor and facilitator, Study III). Additionally teachers pointed 
to the role of community members as a facilitative element for LKB (I perceived 
that feedback and comments from the community were very useful to me, Study III) 
and theoretical materials (all the materials, instructions, learning resources 
facilitated this (learning) process, Study III). 

An important part of the implementation model is the measurement of the impact on 
the responsive organization. While it is difficult to directly measure the 
responsiveness of the organization after the implementation process, it is possible to 
analyse whether all the prerequisites of organizational responsiveness – the LKB 
practices – were present (taking place) in the extended community. It is also 
possible to determine what changed at the individual and organizational levels after 
the implementation process took place. Formative evaluation of the implementation 
model indicated that in the future there should be more focus on continuous 
training and facilitation was provided for the participants, which was highly 
valued during the intervention and in the evaluation phase, as presented above. 
Also, the technical support for participants should be satisfied by the materials and 
instructions, but also in the community forum. Summative evaluation will be 
conducted in the future when, for example, the accreditation process is organized 
more systemically in the extended professional community by also involving 
policy-makers.  

In whole the results indicate that without a supportive organizational culture, 
teachers lack the initiative to perform LKB practices in the extended professional 
community. Universities could support pre-service teachers to prepare the school 
practice documents with the e-portfolio instead of presenting them on paper where 
no systemic trace of development or feedback will be saved. In-service teachers’ 
training courses should focus on sharing and community-based learning culture for 
supporting teachers to learn from peers and share the experiences with the 
community. Most significantly, teachers may be ready to prepare personal 
development portfolios and document professional activities, but there is little to be 
gained if the commission, expert group or board does not accept it and still requires 
paper documents. Such an approach may hinder the progress of today’s teachers in 
seeking to be ahead of their time; furthermore, they are not being supported in their 
quest to be self-directed learners in the extended professional community.  

4.4 LKB PRACTICES SUPPORTING TEACHER’S PROFESSIONAL 
DEVELOPMENT  

Evans (2008) claimed that for understanding teachers’ professional development, 
there is a need to understand the processes involved: what must happen in order for 
teachers to develop. Professional development of teachers is the mental process 
whereby an individual arrives at the stage of knowing something (in relation to 
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his/her professional work) that he/she did not previously know, or of understanding 
something that he/she did not previously understand, or of knowing how to do 
something that he/she did not previously know how to do, or of holding attitudes 
that he/she did not previously hold (ibid). Based on the claims of the Evans, in the 
current research project, teachers’ professional development occurred, if there was 
some change in teachers’ thinking, behaviour or actions.  

In Studies III and IV, the LKB framework was empirically tested. A 15-week long 
trial for in-service teachers was designed. The trial provided an extended 
professional community in a socio-technical system for conducting the LKB 
practices. The LKB framework was supported by the socio-technical system and in 
the context of this research it was a portfolio-based community system (in detail 
section 4.3). Central practices in this model are LKB practices based on the SECI 
model:  

 Socializing in the network with some personal goal (socialization) 

 Scaffolding peers’ reflections by commenting on them (externalization);  

 Discussions with colleagues on a domain area e.g. accreditation (combination); 

 Collaborative creation of a joint artefact with their colleagues (combination); 

 Monitoring peers’ reflections and learning from them (internalization);  

 Planning professional development based on organizational norms and visions 
e.g. teachers’ accreditation requirements, qualification standard and competence 
model of educational technology (internalization).  

Study III illustrated the importance of competence-based reflection in a teacher’s 
professional development. During the research individual tasks of the teachers were 
conducted as reflections based on a competence model. Teachers received the 
guidelines (with the guiding questions if they wished) for how the reflections 
should be written and all the analytical pieces of writing were counted as 
reflections. As a result, teachers admitted that the course taught how to be open – 
how to reflect, publish, share – it was something that we had never done and it was 
extremely difficult for us; opening and sharing in the community was considered 
important. Recording personal experiences might help the teachers to monitor their 
own progress, aiding their development, and thus increasing their intrinsic 
motivation for reflection practices (Lin, 2001). Teachers had neither previously 
reflected nor shared the reflections with the community, but after the course the 
importance of that kind of practice was highlighted and it can be claimed that 
teachers’ professionalism was developed.  

Study IV indicated that the members of the extended professional community 
influence teachers’ LKB. The activities of the extended professional community 
members were analysed each week separately by correlation analysis and Bayesian 
modelling. Correlation analysis indicated that the teachers’ viewing of a peers’ blog 
and reading the community forum were significantly interrelated with writing their 
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own blog entry (r=0.722), commenting on the community members’ blog (r=0.651), 
socialization activities by the peers in the forum (r=0.650) and collaboration 
activities by their peers (r=0.789). It may indicate that the teacher looks at what 
other community members have performed in the system and then performs the 
LKB practices. The results of the Bayesian modelling naïve dependency model in 
Study IV illustrated that the domain experts may have more direct influence on the 
discussions in the forum, and that domain experts could indirectly influence 
teachers to comment on their peers’ reflections, which in turn could prompt 
individual reflections. The results of the focus group interviews (Study III) 
confirmed the results of the correlation analysis and Bayesian modelling (Study 
IV). Participants in the focus group interviews stated that they looked at their peers’ 
portfolios often and were inspired from these activities and added new blog entries 
themselves (When I looked at my colleague’s blog, it made me instantly analyse 
myself - where I needed to develop, whether I should participate in the same 
courses as she did, whether I should use the same learning resources, and so on; I 
often felt that I wanted to make comments and support colleagues; I also wanted to 
offer conceptual advice to one of my colleagues who presented her accreditation 
portfolio). Also participants commented on their peers’ reflections and were 
influenced by them (if I see that something changes after my activities— peers’ 
comments /../ — this encourages me a lot.). Such results indicate that reading about 
other’s learning process makes teachers think about their own development and 
weaknesses. Kop and Hill (2008) also claimed that intrinsically motivated learning 
processes should be cyclical; where learners are expected to connect to a network 
for sharing and finding new information; after that, learners could modify their 
beliefs on the basis of new learning, and could connect to a network to share these 
realizations and find new information again. It is interesting that teachers who were 
interviewed in Study I and who did not have actual experience in learning in an 
extended professional community, did not value the peer scaffolding as highly as 
teachers from Study III and IV.   

An important form of collaboration in Studies III and IV was knowledge building 
(Bereiter and Scardamalia, 2003) based on the individual reflections about 
competence development - teachers combined individual reflections into one joint 
artefact. Correlation analysis in Study IV indicated that there is no significant 
correlation between the collaborative tasks between the teachers, although studies 
have found that a mutual exchange of knowledge increases the motivation to share 
knowledge (Kilduff and Tsai, 2003). Collaborative tasks were related (though not 
significantly) with the teachers’ reflections in the weblog (r=0.571). According to 
the LKB framework, the collaborative tasks were based on teachers’ individual 
reflections to enable the systems approach; therefore, such a result was expected. 
The domain expert in the context of the training course was considered a valuable 
scaffolding element. Correlation analysis in Study IV illustrated that a teachers’ 
viewing of the weblog was interrelated with commenting in the blog by the domain 
expert (r=0.822). The domain experts’ viewing of blog and forum entries correlated 
with the teachers’ writing a blog entry (r=0.626), indicating that domain experts 
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monitored community members’ contributions. Teachers’ blog entries were 
interrelated with domain experts’ comments (r=0.898). Bayesian modelling in 
Study IV indicated that domain experts’ comments on the teachers’ weblog entries 
caused the teachers to comment on the weblogs. It may indicate that domain experts 
do not influence teachers’ LKB practices directly, but they encourage community 
members to comment on peers, and that, in turn, influences them to write blog 
entries. In order to sustain the community, there is a need for ‘leadership’, which, in 
the case of online communities, may be a moderator, facilitator or list owner 
(Stuckey and Smith, 2004). 

Designed and empirically tested LKB practices contribute to the development of 
community knowledge that support the teacher’s professional development through 
peer scaffolding and dynamically accumulated knowledge. Peer scaffolding can be 
considered as purposeful scaffolding, because people are consciously commenting 
about each other, contributing to the forum, entering blog posts, and that supports 
other community members. Dynamically accumulated knowledge acts as occasional 
scaffolding – teachers save the content to the system and the content influences 
peers to contribute to the system as well (as the correlation analysis and Bayesian 
modelling indicated). Based on the results of the focus group interviews, correlation 
analysis and Bayesian modelling of the teachers’ LKB practices indicate that if 
teachers are systemically encouraged and facilitated in the process of performing 
LKB practices in a portfolio-based community, their professional development will 
be enhanced. Before the training course was implemented in Studies III and IV, the 
participants did not have any experience of analysing their professional activities 
based on competences, reflecting about the professional practices, sharing the 
reflections in the community and giving or getting feedback on the reflections. 
After teachers systemically performed LKB practices, their understanding about 
being a self-directed learner and active community member in the extended setting, 
was affected. Results also indicate that teachers perceived two types of scaffolding: 
(a) Peer scaffolding (discussions, encouragements from domain experts and 
networking); (b) Dynamically accumulated knowledge in the system (artefacts, 
reflections that inspire and can be used for learning.)  

This PhD research project found that, whereas the domain experts may have more 
direct influence on knowledge building in the forum, they could indirectly influence 
teachers to comment on their peers’ reflections in blogs, which in turn might 
prompt individual reflections in the weblog. Therefore the research makes an 
important distinction between peer scaffolding and domain-expert scaffolding.  
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5. SUMMARY 

5.1 LIMITATIONS AND DIRECTIONS FOR FURTHER RESEARCH 

LKB practices and the implementation model, proposed in this doctoral research 
were prepared for the settings of an extended professional community. However, it 
was not possible for all the participants to become involved (authorities, different 
communities of teachers, teacher educators). The implementation model introduced 
in this study emphasized the importance of a supportive organizational culture, but 
this supportive organizational culture has not been developed by the organizations 
involved (schools as teachers’ workplaces, Ministry of Education and Science). 
Understanding these organizations’ point of view would have provided insight into 
why they do not support teachers’ initiative. It may be a question of principle or 
perhaps there is no actual resistance on their part and the representatives of these 
organizations simply need some further guidance or basic training. It is important to 
consider that for instance the Ministry of Education and Science was involved to the 
design process in the last phase of the implementation – evaluation of the teachers’ 
accreditation. But if they would have been involved in the first phase – designing 
the LKB practices and involving the ownership, the results might have been 
different. Therefore it can be claimed that for increasing the organizational level in 
LKB practices and for the support for teachers’ professional development to be as 
authentic as possible, the representatives of these different organizations should be 
involved in the early design and implementation process. This doctoral research 
project involved both the university and the Estonian Teachers Association as 
organizations that engage teachers in the community. The next iteration of the 
research, however, could include some of the school boards, accreditation 
commissions or Ministry of Science and Education that coordinate the induction 
year program and accreditation of teachers. In this way the participatory design 
team that develops the LKB vision within a certain context would have a much 
broader perspective. 

For supporting the organizational culture in the school level, the bottom-up 
approach can be used by raising teachers’ awareness of their technology-enhanced 
LKB practices as part of their professional development (through similar trainings 
as used in the current PhD research). In this way boards of the schools as teachers’ 
workplaces should acknowledge that teachers’ are a head of time and their e-
portfolios should be recognized in the formal evaluation processes like raising the 
qualification or annual internal evaluation.  

Another important concern of this research project is the sustainability of the 
extended professional community. This research has focused on different processes 
and practices in the extended professional community, has proposed a technical 
framework where the community could evolve, and has explored different 
situations that the community might experience. However, it is also important to 
study which processes need to be initiated in order for the community to be active 
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after the completion of a formal training course, a university study phase or another 
type of professional activity. What kind of facilitation and scaffolding should be 
provided for community members in order to ensure the sustainability of the 
community? On one hand the strong leadership and critical mass of the members 
can be supportive elements for the community. On the other hand some external 
motivators like acknowledging the community membership of the educators in the 
accreditation process could be encouraging for the community members to share the 
knowledge and contribute to the community. Thirdly the feedback loop provided by 
the socio-technical system can be considered as a supportive element for the 
community through the dynamically accumulated knowledge (artefacts, 
discussions, scaffold etc.). 

Lastly, the proposed LKB practices for supporting professional development of 
teachers in the extended professional community should be implemented in the pre-
service context. In-service teachers implemented the model but in the pre-service 
context, the model was discussed with the stakeholders from school and university. 
Implementing the LKB model in pre-service context is a challenge, since studies for 
pre-service teachers are more regulated by the norms than training courses for in-
service teachers. 

5.2 FINAL REFLECTION 

The aim of this thesis was to elucidate the current LKB practices in the field of 
teacher education; how the proposed LKB practices could address problems in the 
current teacher education context when supported by the knowledge conversion 
SECI model; which technological scenarios support these proposed LKB practices 
and how to implement them in the extended professional community.  

This research project addressed several limitations in terms of teachers’ LKB 
practices in the extended professional community. In general, teachers’ professional 
development has been considered more as a matter of participating in training 
courses. Teachers have been much less encouraged to analyse their professional 
practices, monitor their professional competences, and reflect on their development 
(Van Eekelen, Vermount & Boshuizen, 2006). But even more rare is the 
phenomena of building and sharing their professional knowledge within and across 
community boundaries. This lack of a sharing culture among the practitioners 
affects the development of the intellectual capital of the communities and 
organizations since the professional practice and knowledge is not visible by and 
accessible to the community members.  

This research project: 

a) Examined several obstacles in the current LKB practices (an individualistic 
approach to learning; bureaucratic certification processes; lack of using 
technology for learning and knowledge building purposes etc.); 
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b) Developed technological scenarios for implementing LKB practices in a socio-
technical system (portfolio-based community) with the possible practices and 
scaffolding elements; 

c) Prepared and implemented a cyclical implementation model for LKB practices 
in an extended professional community and illustrated how individual 
knowledge contributes to the development of community knowledge. 
Implementing innovations in the organizations and communities can be similar 
and yet still face different obstacles. In the settings of the extended professional 
community, the control structures that tend to slow down or prevent the 
implementation process of innovations can be encountered less often than in 
formal organizations. As the members of the extended professional community 
are all part of formal organizations as well (teachers from schools, domain 
experts from the universities, commission members from the ministries and so 
on), then support from the organizations should be available to the community 
members. This aspect makes this thesis paradoxical because, even though the 
extended professional community does not have the hierarchical structures as in 
a formal organization, it still needs the supportive decisions of these 
organizations to make the LKB practices dependable for teachers. Therefore the 
proposed implementation model connects the different organizations of the 
extended professional community with the aim of performing LKB practices; 

d) Proposed LKB practices that can be systemically supported with the SECI 
phases. The SECI model was integrated with self-directed learning and 
competence-based planning of professional development. The LKB practices 
performed in a portfolio-based community support teachers’ professional 
development by making them open, supporting the culture of sharing 
knowledge, increasing the competences of collaboration and strengthening the 
habit of learning through the a peer’s experience; 

e) Proposed several types of scaffolding that influence teachers’ LKB practices in a 
portfolio-based community system in order to dynamically accumulate 
knowledge (reflections, resources, comments etc.) as well as contributions from 
members of the extended professional community. Different types of peers in 
the extended professional community were recognized – similar peers and 
domain experts;  

f) Teachers’ participation in training courses that focused on enhancing 
competence-based professional development, reflection on professional 
practices and collaborative knowledge building according to the LKB 
framework, all helped to raise teachers’ awareness of their systemically 
organized learning. 
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The novelty of the current PhD research project appears in the following aspects: 

 The teachers’ job-embedded LKB practices have not been broadly implemented 
and studied and the current research provided premises for larger scale 
implementation; 

 Nonaka’s and Takeuchi’s SECI model was adapted by adding the teachers’ 
individual self-directed learning point of view to the SECI model and looking at 
the SECI model from the perspective of the technology-supported extended 
professional community in the proposed technical scenarios of teachers’ LKB 
practices in the socio-technical system. Particularly it was validated formatively 
how different LKB practices function in the systemic way in socio-technical 
systems, and the roles of different type of community members’ scaffolding 
were discovered; 

 Proposed implementation model that connects different communities and 
organizations for implementing novel educational solutions in the extended 
settings.  

Although the research revealed several implications influencing the implementation 
of LKB practices in the extended professional community, this research could be a 
catalyst for further discussion. It could possibly improve the on-going dialogue 
about teacher’s professional development, which is currently one-sided and stresses 
participation in various training courses. The focus should be on promoting 
teachers’ professional growth through participation and sharing.  

As a conclusion, following possible future fields of the application can be 
suggested: 

a) Formal teacher education -– integrating the technology to the formal teacher 
education in a way that the habit for self-analysis, reflection and knowledge 
building in the community could be shaped; 

b) Formal evaluations of in-service teachers – intertwining evaluations of teachers’ 
profession with the job-embedded LKB practices; 

c) Teachers’ extended professional communities in the socio-technical system – 
development and sustainability of the teachers’ communities. 
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 Implementing a technology-supported model for cross-organisational learning and 

knowledge building for teachers. 

 Abstract 
This study proposed using the elaborated learning and knowledge building model (LKB model) 
derived from Nonaka & Takeuchi's (1995) knowledge management model for supporting cross-
organisational teacher development in the temporarily extended organisations composed of 
universities and schools. It investigated the main LKB model components in the context of teachers' 
professional development; the kind of technological barriers to be overcome in order to implement 
such a model; and what the application scenarios of an LKB model are. Four groups of 
stakeholders, altogether 10 persons, were interviewed for the study. Data was analysed using a 
qualitative framework analysis method. The main findings of the study exposed the following 
difficulties in applying an LKB model for extended organisations for teacher development: teachers' 
sense of identity, technical issues and organisational barriers. Several scenarios were proposed for 
the use of technology to facilitate the LKB model in the teacher development context using the e-
portfolio and social learning resources repository.  

Keywords 
Teacher education, professional development, portfolio-based learning environment, pre-service 
studies 

 
Introduction  
Many young teachers perceive a gap between the academic knowledge acquired during teacher 
training studies and the knowledge that is claimed to be “really” relevant learned from more 
experienced colleagues (Bozhuisen, Brommen, & Gruber, 2004). Experienced practitioners often 
claim that knowledge gained during the academic part of the education should be forgotten because 
it was too abstract and not appropriate (ibid.). Combining and constructing professional knowledge 
across the boundary between schools and teacher training institutions is rare and mainly 
unidirectional: from university towards schools (Järvelä, 2001). This results in low integration of 
academic and practice-based knowledge, separation of the academic community from the teachers’ 
community, and conflict about who should test and validate educational innovations in practice and 
provide feedback to the applied theoretical pedagogical ideas. In this paper we explore how the 
better integration of practical and academic knowledge can be facilitated by a technology supported 
LKB model in the teacher training context. The LKB model, in present use, is derived from the 
knowledge management model introduced by Nonaka & Takeuchi (1995), and in this paper we 
contextualise, how teachers could implement the model in their professional development in an 
Intelligent Learning Extended Organisation. An Intelligent Learning Extended Organisation 
framework represents a learning community that emerges as a temporal integration of two or more 
industrial, educational and/or research organisations with different cultures (Stokic, Pata, Devedzic 
et al., 2008; Kieslinger, Pata, Fabian, 2009). We focus particularly on developing the technological 
support systems and relevant workflow scenarios for implementing the model for teacher 
development in the competency-based and portfolio-based learning environment, integrated with 
the national teachers’ information portal Koolielu (http://koolielu.ee) and the social knowledge 
repository LeMill (http://lemill.net). 
 
In order to develop the technological support systems and workflow scenarios based on the LKB 
model, a case study of teachers' professional development was conducted which identified and 
mapped the gaps in the LKB between the schools and universities, and among the various 
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stakeholders related to the professional teacher development in these organisations. Several 
scenarios for using the novel portfolio-based system to enhance cross-organisational LKB in 
teachers’ professional development were developed and validated with the stakeholders using the 
design based research method. 
 
The following research questions were investigated:  

 Which are the main components of the LKB model adapted for the context of teacher 
development? 

 What kind of barrier inhibits the implementation of the adapted LKB model that facilitates 
teacher development, which is supported by existing online tools? 

 What are the suitable workflow scenarios that effectively support the application of an LKB 
model for teacher development? 

After identifying barriers to the developed theoretical LKB model and suitable workflow scenarios, 
we provide, as an outcome of the study, guidelines for implementation and sample tasks in a 
technological environment. 

The cross-organisational LKB model for teacher development  
In order to describe processes in creative organisations, Nonaka and Takeuchi (1995) have 
developed the cyclical knowledge management model, which contains four phases of knowledge 
conversion within an organization: socialisation, externalisation, combination and internalisation 
(SECI phases). They propose that in organisational knowledge-creation, personal subjective tacit 
knowledge has to be externalised into objective explicit knowledge to be shared, combined and 
synthesised within and beyond organisations. These SECI phases could also be used for supporting 
LKB. For example, Naeve, Luoma, Kravcik & Lytras (2008) have used SECI phases for describing 
learning process in the workplace, focusing on reflective practices in networking and collaboration. 
In this paper, based on original SECI phases, we propose the LKB model (see figure 1), which also 
considers the self-directed planning, and reflection for competence development. According to Pata 
& Laanpere (2008), Nonaka’s and Takeuchi’s (1995) knowledge conversion phases offer some ideas 
about what might be important in supporting the knowledge conversion process in Intelligent 
Learning Extended Organisations. The LKB model in extended learning organizations is rooted in 
the idea that any creation of new LKB is based on cross-boundary translation acts. Fürstenau 
(2003) refers to the boundary-crossing transitions as processes that take place within work and 
educational organisations and between these organisations.  
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learning organisations is rooted in the idea that any creation of a new LKB is based
on cross-boundary translation acts. Fürstenau (2003) refers to the boundary-
crossing transitions as processes that take place within work and educational organi-
sations and between these organisations.

Based on that idea, Pata and Laanpere (2008) have suggested the following pro-
cesses take place in the LKB model in cross-organisational settings.

Socialisation of tacit knowledge happens when individuals (in-service and pre-
service teachers, university and school facilitators) are prompted to accumulate
knowledge through physical proximity and interaction with colleagues from differ-
ent schools and from the university in the apprenticeship manner. The main aims of
the socialisation phase focus on participating in social networks across various
boundaries, talking about, sharing and taking ownership of institutional standards
and community norms and visions. In this mode, different organisational objectives,
norms and standards should be accessible for individuals from different organisa-
tions and also shareable between them in electronic format to understand the work
situations. Several researchers, for example Garrison (1999), have documented that
collaboration strengthens the active exchange of ideas within small groups and
increases the intrinsic motivation among participants to share knowledge. Kilduff
and Tsai (2003) have found in their study that mutual exchange of knowledge
increases the motivation to share knowledge.

Figure 1. SECI phases in teacher professional development context.
Notes: ‘i’ indicates the individual as teacher or teacher trainer, ‘o’ can be seen as an
organisation such as a school or university, ‘g’ represents a group of pre-service study
teacher students or group of mathematics teachers, and ‘co’ indicates cross-organisational,
meaning that in those phases the cross-organisational LKB activities take place.
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Figure 1: SECI phases in teacher professional development context: “i” indicates the individual as 
teacher or teacher trainer, “o” can be seen as an organisation such as a school or university, “g” 
represents a group of pre-service study teacher students or group of mathematics teachers, and “co” 
indicates cross-organisational, meaning that in those phases the cross-organisational LKB activities 
take place. 
 
 Based on that idea, Pata & Laanpere (2008) have suggested the following processes take 
place in the LKB model in cross-organisational settings: 

Socialisation of tacit knowledge happens when individuals (in-service and pre-service 
teachers, university- and school facilitators) are prompted to accumulate knowledge through 
physical proximity and interaction with colleagues from different schools and from the university in 
the apprenticeship manner. The main aims of the socialisation phase focus on participating in social 
networks across various boundaries, talking about, sharing and taking ownership of institutional 
standards and community norms and visions. In this mode, different organisational objectives, 
norms and standards should be accessible for individuals from different organisations and also 
shareable between them in electronic format to understand the work situations. Several researchers, 
for example Garrison (1999), have documented that collaboration strengthens the active exchange 
of ideas within small groups and increases the intrinsic motivation among participants to share 
knowledge. Kilduff and Tsai (2003) have found in their study that mutual exchange of knowledge 
increases the motivation to share knowledge. 

Externalisation of tacit knowledge into explicit knowledge should happen as part of the 
school-practice or accreditation process. This occurs when pre- or in-service teachers are prompted 
to create and articulate tacit concepts through deductive thinking, the use of metaphors for concept 
creation, the use of models, diagrams or prototypes. For example, they could write down their plans 
and reflect about the activities, but they need to consider the organisational norms and community 
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expectations as guidelines in their reflections. Two aims are important in the externalisation 
process: (a) Teachers and teacher trainers need to individually reflect why, how and what they do in 
their professional practice, and harmonise that knowledge with organisational visions, norms, and 
expected competences; (b) They must be provided with access to documents from different 
organisational repositories that convey information about such visions, norms and organisational 
expectations. The issue of raising the intrinsic motivation of the teachers and teacher trainers to 
externalise their tacit knowledge regularly, and to share it publicly or semi-publicly with colleagues 
and senior members of organisations would be central in applying the LKB model. The teachers do 
not have the habit of reflecting about their work, sharing such reflections with their colleagues, and 
learning from the feedback (Helleve, 2009). Recording personal experiences might help the teachers 
to monitor their own progress, aiding their development, and thus increasing their intrinsic 
motivation for reflection practices (Lin, 2001).  

Combination activities of explicit knowledge are primarily group-based and can be supported 
by organising community discussions, where individuals with different perspectives can discuss and 
negotiate about the externalised concepts and knowledge objects. The aim of the combination phase 
is to keep the organisational knowledge, rules and objectives updated with the real work processes 
and develop new norms and visions for organisations. In the combination phase of the LKB model, 
the individual-organisation and organisation-organisation exchange should take place 
simultaneously. This would increase the cross-organisational translation possibilities, validate 
theory in practice and bring best practice-based ideas at the theory level. Empirical research in the 
field of organisational learning has revealed several factors which strongly influence the 
collaborative knowledge sharing and contributing behaviour of individuals in organisations 
(Davenport, 1998; Ardichvili, 2003). Networked individuals play a crucial role in the new LKB 
model, taking different roles in different institutions and communities of practice (Pata & Laanpere, 
2008). 

The Internalisation phase is mainly an individual planning and learning process. Two 
aspects are important in internalisation: (a) It includes planning and externally reflecting on what 
competencies teachers want to achieve, simultaneously harmonising their plans with organisational 
visions, norms and expected competencies; (b) Planning professional development suggests 
learning from other professionals’ experiences and combining it with academic knowledge. In the 
internalisation, phase the resources created in the externalisation phase should be accessed and used 
for planning personal learning flows. The plans created in this phase can be realised in professional 
practice, discussed in the socialisation phase and the achievements would be reflected in the 
externalisation phase. Such interpretation of the internalisation phase differs from the original SECI 
model, described by Nonaka & Takeuchi (1995), as their model did not focus on self-directed 
learning with regard to self-directed learners in the workplace. Kop and Hill (2008) have suggested 
that an intrinsically motivated learning process has to be cyclical, where learners are expected to 
connect to a network in order to share and find new information; after that, learners could modify 
their beliefs on the basis of new learning, and could connect to a network to share these realisations 
and find new information again. 

 

Technical support for implementing the LKB model for teacher development  
Initially Nonaka and Takeuchi (1995) did not assume that SECI phases should be processed using 
technology. However, modern society presumes more or less that the teacher uses some technology 
for professional development and life-long learning (European Commission, 2009). Several 
technology supported versions of achieving knowledge management using SECI have been 
documented (Carvalho and Ferreira 2001; Chatti, Klamma, Jarke & Naeve, 2007), but so far, 
technology support in the LKB model aimed at teacher development has not been described, and 
this novel idea needs to be tested with teachers involved in design-based research themselves. 
 
A portfolio-based community environment could be a useful software application for LKB model 
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implementation between schools and universities. Barrett (2010) sees e-portfolio as an electronic 
collection of evidence that shows a person’s learning journey over time, and may relate to specific 
academic fields or to lifelong learning. Teachers could use personal portfolios for self-reflection 
about the teaching processes, in order to become more conscious of the theories and assumptions 
that guide these practices and document their professional development (Helleve, 2009). Using a 
portfolio may be efficient, as it supports the construction of personal knowledge and competence 
development (Zeichner & Wray, 2001). Individuals may freely connect their portfolios with 
networks for monitoring and supporting other professionals, or initiate or join with the portfolio 
communities.  
 
In this article the technological support possibilities for the LKB model is illustrated with the 
examples of two software products developed for Estonian teachers – the integrated portfolio 
community, learning resources repository and information portal Koolielu (http://koolielu.ee), 
(Sillaots & Laanpere, 2009) and the social and learning resource repository for collaborative co-
construction LeMill (http://lemill.net), (Leinonen, Purma, Põldoja & Toikkanen, 2010). Koolielu 
and LeMill include Web 2.0 services with social media thus providing many possibilities for LKB 
activities such as networking, information management, filtering, meshing, finding, sharing and 
contributing. In considering the phases of SECI, Koolielu and LeMill support the externalization of 
knowledge and collaborative authoring of Web-based learning resources. Both tools also provide 
possibilities for documenting competence development and individual reflection. The 
interoperability of the portfolio-based community environment Koolielu with LeMill and other 
social software tools freely available on the Internet, enable users to form various combinations of 
distributed systems for LKB. For example, videos and images stored in Youtube and Flickr could be 
embedded into the learning materials that the teacher prepares for the student and for sharing in the 
LeMill social repository. Further, these learning materials could be extracted and embedded as 
evidences of professional practice into the personal portfolios in Koolielu and then reflected upon. 
Using a social learning resources repository such as LeMill, provides wider opportunities for 
collaboration and knowledge sharing between pre- and in-service teachers, and teacher trainers in 
the university. 

The implementation of the SECI phases in the LKB model together with technology may make the 
LKB process more efficient and provide more options in terms of how people can interact across 
organisational boundaries, record and use their knowledge and advance their own professional 
development simultaneously with the development of the organisations. 

Methodology 

Research design 
This study was conducted in the context of an EU IST program project, IntelLEO (2009 – 2012). A 
design-based research method was used for determining how the application of the LKB model 
should be developed in order to support teacher development. The Design-based Research 
Collective (2003) claims that the main focus of a design-based research method is to design and 
explore the whole range of designed innovations: artefacts, as well as less concrete aspects such as 
activity structures, institutions, scaffolds, and curricula. Wang and Hannafin (2005) have defined 
design-based research as methodology aimed at improving educational practices through 
systematic, flexible, and iterative review, analysis, design, development and implementation. It is 
based upon collaboration among researchers and practitioners in real-world settings and leading to 
design principles or theories. Therefore the teachers and teacher trainers were involved in the 
development process as stakeholders. Design-based research was the main element for developing 
the framework for the pedagogical and technological solution for this study. For this study, two pre-
studies teachers, three induction year teachers, two in-service teachers and three teacher trainers 
were interviewed separately in each group. 
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Clearly, this study is limited primarily by the small sample size. In the software development 
process, Beyer and Holtzblatt (1998) have recommended that, depending on the study, six to twelve 
users should be involved. Hackos and Redish (1998) claim that even with five to ten participants it 
is possible to achieve a breadth among the participant users. However, several studies show that 
even six users may provide extremely useful information for development (Kujula & Mäntylä, 
2000). Design Based Research Collective (2003) has claimed that design-based research typically 
triangulates multiple sources and kinds of data to connect intended and unintended outcomes to 
processes of enactment. Reliability of findings and measures can be promoted through triangulation 
from multiple data sources and repetition of analyses across cycles of enactment. Validity of 
findings is often addressed by the partnerships and iteration typical of design-based research, which 
results in increasing alignment of theory, design, practice, and measurement over time. In our study 
we addressed the reliability issues of design-based research through several data collection 
instruments (interviews and schemas) and multiple iterations of data collection from the same 
stakeholders. By involving the teachers in the iterative design process, we avoided the 
misinterpretation of collected data. 

Data collection, instruments and analysis 
Based on the theoretical cross-organisational LKB model discussed above, we developed questions 
for an unstructured interview. Data were collected with focus group interviews. Each interview 
lasted about 1.5 hours and interviews were recorded with the Dictaphone. The first phase of the 
interview focused on validation of the theoretical cross-organisational LKB model in teacher 
development context. We received feedback regarding the LKB processes and the barriers to it, 
formulated the current LKB process and the expected situation. The next phase was conducted as 
the design session, where stakeholders and researchers collaboratively developed and designed the 
potential scenarios, in which the LKB model in a teacher development context should be 
implemented. Stakeholders analysed what barriers they might anticipate from the viewpoint of the 
individual and also from the organisational aspect when following these LKB scenarios. Data based 
on focus group interviews, gave input for validating the initial LKB model for teacher's professional 
development. As a result of the design sessions, the main implementation scenarios were developed 
to support the LKB model application according to the SECI phases. These scenarios will be 
empirically validated in the teacher development context in the next phase of IntelLEO project.  
 
In order to analyse the data received from the interviews, a framework analysis method was used. 
Framework analysis, as described by Ritchie & Spencer (1994), is ‘an analytical process which 
involves a number of distinct though highly interconnected stages’. The five key stages outlined 
are: familiarisation; identifying a thematic framework; indexing; charting; mapping and 
interpretation. In the context of this study, we conducted the following steps: After data collection, 
we became familiar with the recordings, and audio recordings were transcribed. The next step was 
writing the memos in the margins of the text including questions, ideas, phrases, which then led us 
to the development of categories (see Figure 2). In the fourth stage, we took the quotes from the 
original context and re-arranged them in the newly developed appropriate thematic context. The 
categories of pre-service studies; induction year program and in-service teacher development 
context were identified separately in each stakeholder group. 
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of the theoretical cross-organisational LKB model in teacher development context.
We received feedback regarding the LKB processes and the barriers to it, formu-
lated the current LKB process and the expected situation. The next phase was con-
ducted as the design session, where stakeholders and researchers collaboratively
developed and designed the potential scenarios, in which the LKB model in a
teacher development context should be implemented. Stakeholders analysed what
barriers they might anticipate from the viewpoint of the individual and also from
the organisational aspect when following these LKB scenarios. Data based on focus
group interviews, gave input for validating the initial LKB model for teachers’ pro-
fessional development. As a result of the design sessions, the main implementation
scenarios were developed to support the LKB model application according to the
SECI phases. These scenarios will be empirically validated in the teacher develop-
ment context in the next phase of IntelLEO project.

In order to analyse the data received from the interviews, a framework analysis
method was used. Framework analysis, as described by Ritchie and Spencer (1994),
is ‘an analytical process which involves a number of distinct though highly inter-
connected stages’. The five key stages outlined are: familiarisation; identifying a
thematic framework; indexing; charting; mapping and interpretation. In the context
of this study, we conducted the following steps. After data collection, we became
familiar with the recordings, and audio recordings were transcribed. The next step
was writing the memos in the margins of the text including questions, ideas,
phrases, which then led us to the development of categories (see Figure 2). In the
fourth stage, we took the quotes from the original context and re-arranged them in
the newly developed appropriate thematic context. The categories of pre-service
studies; induction year programme and in-service teacher development context were
identified separately in each stakeholder group.

Results and discussion

Firstly we provide the developed and validated cross-organisational LKB model in
the teacher development context with the support of e-portfolio. Secondly, we
discuss the barriers to be overcome when applying the LKB model, and thirdly we
present scenarios developed together with the stakeholders, using LeMill and

Figure 2. Categories.
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Figure 2: Categories 
 

Results and discussion 
Firstly we provide the developed and validated cross-organisational LKB model in the teacher 
development context with the support of e-portfolio. Secondly, we discuss the barriers to be 
overcome when applying the LKB model, and thirdly we present scenarios developed together with 
the stakeholders, using LeMill and Koolielu as a portfolio-based learning environment that supports 
the application of the cross-organisational LKB model. 
 

Cross-organisational LKB model in teacher development context  
From the discussions with the stakeholders about the cross-organisational LKB model in teacher 
development context, the model was validated. Specifically, we presented the current situation in 
the teacher development context without technological support; secondly, we described which 
activities the stakeholders would be willing participate in with ICT support. These results, regarding 
current and expected activities, are presented in table 1.  

Table 1: Current and expected SECI phases situations in teacher professional development context  

 Current situation with paper-based 
portfolio 

Expected situation with the 
portfolio-based learning 
environment 

Currently in 
Koolielu 

Currently 
in LeMill 

Sociali
sation 

* Teacher trainer, who observes 
lesson of pre-studies teachers, 
gives written feedback 
* No feedback is provided by the 
peers 
* Created learning materials are 
paper-based 
* Discussions between teachers 
take place mainly in seminars 

System should: 
* Store feedback for learning 
purposes 
* Support the development of 
teachers communities 
* Store created learning materials  
* Allow discussions between 
teachers 
* Provide possibilities for teachers 
to learn through peers’ 
experiences, learning materials, 
reflections. 
* Provide simplified possibilities 
to share organisational norm-
document 

 
x 
 
x 
 
x 
x 
 
x 
 
 
 
x 

 
x 
 
x 
 
x 
x 
 
x 
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Extern
alisati
on 

* Stored paper-based lesson plans, 
self-analysis, reflections are not 
available to peers 
* Practice documentation is mainly 
paper-based 
* Do not provide possibilities for 
sharing reflections  
* Paper-based learning materials 
can't include audio- or video clips, 
photos, links, slides 

System should: 
* Provide possibilities for getting 
access to peers' portfolios in order 
to learn from them  
* Provide possibilities to present 
the practice documentation 
electronically 
* Provide possibilities for sharing 
reflections publicly 
* Allow to enrich the learning 
materials with photos, audio- and 
video clips 

 
x 
 
 
x 
 
 
x 
 
x 

 
x 
 
 
 
 
 
 
 
x 

Combi
nation 

Teachers collaboratively create 
norm-documents or templates of 
learning method for their 
workplace  

System should: 
* Provide collaborative activities 
between peers  
* Provide possibilities to 
collaborate for university, school 
and learners by using the system 
(practice issues) 
* Provide possibilities for adopting 
different learning materials 
electronically 
* Allow collaborative discussion 
and, therefore, the improvement of 
organisational norm documents  

 
x 
 
x 
 
 
 
 
 
 
 
 
 

 
x 
 
 
 
 
 
x 

Intern
alisati
on 

* Reflections, analysis, plans are 
based on the main norm-document 
- teacher’s professional 
qualification standard 
* No possibilities to see previous 
practice portfolios in order to learn 
from them  
 

System should: 
* Allow individuals' to store 
learning materials, plans, 
observations, reflections  
* Provide possibilities to support 
the planning of the individual 
professional development by the 
weblog, competence management 
* Provide tool “My Dashboard”, 
for personalisation of the 
environment.  

 
x 
 
 
x 
 
 
 
x 

 
x 

 

As Table 1 indicates, most of the expected LKB activities can be implemented with existing 
technologies (Koolielu and LeMill), while some of the functionalities need to be developed. 
However, our study indicated that the technology is still not currently used in the teacher 
development context. The study conducted with the participants however, demonstrated that 
applying the LKB model in a teacher development context could be successful as there are many 
innovative educators who are ready to test the LKB activities with technology support in their 
professional activities. Therefore it could be assumed that the absence of technology use could be 
connected with being unaware of the existing possibilities.  

Cross-organisational LKB between schools and universities is currently not clear and is not 
effectively organised. The proposed LKB model with the technological support might be effective 
from the point of view of individuals and organisations. It could be supportive for the professional 
development of teachers, but it also provides many opportunities for learning organisations. Using 
the cross-organisational LKB model systematically, teachers' professional development could be 
efficiently supported, from the beginning (pre-service studies) to the end of their professional 
career.  

Barriers to applying the cross-organisational LKB model 
Several barriers in the LKB between school and university may be identified based on our study 



81

  

and literature.  Tensions can be identified in: (a) individuals’ and organisations’ motivation to follow 
and promote SECI activities in their organisations and (b) in-service teachers’, teacher trainers’ and 
pre-service teacher students’ feeling of identity and the sense of belonging to the community. 
However in order to ensure the continuity in  professional development of teachers, it is essential to 
connect the three stages: initial training, induction year, and continuous professional development 
(Feiman-Nemser, 2001). Participants, who were involved in this study, pointed out that not every 
teacher is ready to use the LKB model in their professional activities. All stakeholders agreed that 
older generation teachers are the most problematic target group, and it is probably easier to involve 
young teachers. The main issues that should be considered are the teachers’ habits for documenting 
and externalising their knowledge, participation in cross-organisational communities of educators, 
and their technical preparedness.  

Teachers' habit for documenting and externalising their knowledge 

An important aspect of implementing the LKB model is reflection on teachers’ actions. According 
to our study, reflection is not used in professional activities of teachers. In-service teachers' main 
reason for not reflecting upon their activities appeared to be “the lack of time”. But also, as many of 
them reported, “I have no habit of written reflection; I prefer to analyse my activities in my mind”. 
In order to support the development of the reflection habit, and to make reflections a natural part of 
professional development, our study proposes that reflection should be made on a compulsory basis 
during pre-service studies. The older generation may focus more on supervising the students and 
collaboration with colleagues and when the portfolio-based learning environment becomes more 
familiar, the habit for reflection might become a natural part of their activities. 

Teachers' participation in cross-organisational communities 

There are several aspects, why teachers do not feel part of the larger teachers' community and why 
the pre-service, induction year and in-service teacher training are not a unified system. One aspect 
is the perceived difference in professional status between the pre- and in-service teachers. Pre-
service teachers pointed out that when they enter into school practice, “in-service teachers do not 
consider the student as an equal colleague”, and the in-service teachers themselves confronted the 
statement. As one of the school supervisors stated: “Pre-service teachers are also shy and they 
knock on the door when entering the teachers' room, if they go to this room at all, because most of 
the time they choose to be on their own”. If a young teacher, who is at school for the first or second 
time, does not feel that s/he belongs there, it might influence the future decision about working at 
that school. “Teacher students feel excluded from the teachers’ community, which is why they are 
afraid of sharing their learning materials in public,” the pre-service teachers admitted. 

Another barrier related to the LKB model implementation in the teacher development context is the 
contradiction between communities of didactics and communities of practitioners. Several 
researches have also discovered that networks and communities that integrate both teachers and 
teacher trainers are less common (Lambert, 2003; Helleve, 2009). Teacher trainers tend to think, 
“Theory which comes from university is the right knowledge”. Teachers from school are sure that 
“academic theory is important, but the reality in school is something else”, as the in-service 
teachers said. But both sides asserted that “as long as school and university do not cooperate, 
academic knowledge will remain different from reality at school, and more young teachers will 
experience “reality shock” when they begin school practice or the induction year”. This barrier is 
related to the lack of habit in creating collaborative knowledge between teachers with various 
professional expertise levels, and involving the teacher trainers in this process as Cassidy, Chrisitie, 
Coutss et al., (2008) have also claimed. Moreover, the lack of empirical testing of the innovative 
educational sciences paradigms at schools by pre-service teacher students and experienced teachers, 
and the resulting lack of feedback to the teacher training institutions, slows down dynamic changes 
particularly and the development of the educational sciences generally in schools (Valli, 2000; 
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Vavasseur & MacGregor, 2008).  

This barrier relates to the in-service teachers' communities. To some extent, there are already small 
communities among teachers who are teaching the same subject, such as biology teachers or 
mathematics teachers. But there should be more collaboration between regions “History teachers 
may collaborate in the same city or neighbour village”, said one of the pre-service teachers. Also, 
one of the school practice supervisors mentioned, “these communities would enable pre-service 
teachers to feel part of the community as soon as they begin school practice, if the supervisor 
introduced the regional subject teachers within the community at the same time.” 

Teachers' technological preparedness 

For example Vavasseur & MacGregor (2008) have claimed that the social networks and 
communities of educators of our day have begun to appear by means of technology support. But in 
our study, teachers stated that “using technology takes extra time and decreases face-to-face 
communication”, emphasizing the negative role of technology, rather than seeing how technology 
might enhance their professional activities. Teacher trainers in our study believe that if teachers 
could see that their individual contribution influences their organisation and colleagues, and that 
they can benefit from such information made available by their colleagues from different schools 
and university teacher-training centres, this may change their negative attitude towards technology- 
supported LKB activities. However, a few teachers said, “technological system should certainly be 
introduced for the pre-service teacher students and induction year teachers (and maybe in the 
beginning it should be compulsory), so that there would be a habit developed of using the portfolio 
from the beginning of their studies”. Privacy and intellectual property rights were issues mentioned 
in the discussion, as there are teachers who believe that “learning materials can be stolen after 
sharing them on the Internet with colleagues”. On the other hand, as a paradox, teachers stated, “It 
would be more motivating for me to create and share learning materials with colleagues, if more 
experienced colleagues would start doing it first, so I could follow the activities”. And another 
commented by asking “Should I be motivated if other teachers would like to use my learning 
materials in their lesson? No, it is extra work for me; I have to check the spelling etc”.  

Organisational barrier 

Another important consideration in implementing the LKB activities is the organisational barrier. 
Teachers pointed out that their “school board does not support different activities related to 
professional development. Training courses, new learning materials created with technology, 
innovative learning methods and so on, can take too much of my time”. Additionally, collaboration 
between school and university can be a barrier that influences efficient LKB, as one of the teachers 
said: “My school does not want teachers or teacher students to reflect in public on how the work is 
organised in their institution, even if it is for learning purposes”. Those organisational barriers can 
influence teachers' motivation to use the proposed LKB model in their activities, because this model 
assumes collaboration between organisations and the support for the individuals' LKB activities 
from the organisations. 

Applying the cross-organisational LKB model to portfolio-based system design  
This chapter provides two scenarios together with workflows and functionalities of the system in 
order to illustrate the implementation of the LKB model developed in the design sessions together 
with stakeholders who are willing to test them empirically. We present only the scenarios related to  
pre-service development. Alternative scenarios for the induction year program and for the in-service 
teachers' accreditation and training have been developed as well, together with participants using 
the design-based research method. 
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The following scenarios describe how pre-service teacher education might be supported in extended 
organisations using the technology-enhanced LKB model that highlights SECI phases. Scenarios 
are all related to each other, but could be used separately as well. 
 
Usage scenario 1 - Facilitator’s preparations for learner’s school practice  
Using a community page in e-portfolio, the facilitator of pre-service school practice prepares 
observation tasks for school practice for the group of learners. The facilitator uploads the school 
practice documentation (e.g. practice guide and observation tasks' introductions) to the community 
files and connects them with tasks if needed. In the preparation of learning tasks for school practice 
the facilitator browses the portfolios with personal learning materials of learners from previous 
years and combines the normative document, thus, utilising actual experiences and cases from 
teaching practice. The facilitator relates the documentation to competences using the competence 
tool available in the portfolio by choosing the competence “motivating the students in classroom” 
from the teacher's qualification standard.  Finally, the facilitator harmonises the tasks with the 
supervisor from the school, where the practice takes place. It means that the facilitator prepares the 
materials in a practice group community page and sends the message through the system to the 
school supervisor by asking her to have a look at the material and make any changes where needed. 
After modification of the materials by the school supervisor, the university facilitator gives the tasks 
to the learners through the community page in the portfolio, by using wikipages or forum. The 
learner then finds from the forum task “observation task No1” Please observe the teacher during 
the lesson and reflect here in the forum: (a) how did she start the lesson, what ice-breaking methods 
did she use; (b) how did she move from one activity to another (for example from reading from a 
textbook to solving tasks in a worksheet) and (c) how did she end the class”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Facilitator’s preparations for learner’s school practice  
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supervisor from the school, where the practice takes place. It means that the facilitator prepares the 
materials in a practice group community page and sends the message through the system to the 
school supervisor by asking her to have a look at the material and make any changes where needed. 
After modification of the materials by the school supervisor, the university facilitator gives the tasks 
to the learners through the community page in the portfolio, by using wikipages or forum. The 
learner then finds from the forum task “observation task No1” Please observe the teacher during 
the lesson and reflect here in the forum: (a) how did she start the lesson, what ice-breaking methods 
did she use; (b) how did she move from one activity to another (for example from reading from a 
textbook to solving tasks in a worksheet) and (c) how did she end the class”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Facilitator’s preparations for learner’s school practice  

scenarios for the induction year programme and for the in-service teachers’ accredi-
tation and training have been developed as well, together with participants using
the design-based research method.

The following scenarios describe how pre-service teacher education might be
supported in extended organisations using the technology-enhanced LKB model that
highlights SECI phases. Scenarios are all related to each other, but could be used
separately as well.

Usage scenario 1: facilitator’s preparations for learner’s school practice

Using a community page in e-portfolio, the facilitator of pre-service school practice
prepares observation tasks for school practice for the group of learners. The facilitator
uploads the school practice documentation (e.g. practice guide and observation tasks’
introductions) to the community files and connects them with tasks if needed. In the
preparation of learning tasks for school practice the facilitator browses the portfolios
with personal learning materials of learners from previous years and combines the nor-
mative document, thus, utilising actual experiences and cases from teaching practice.
The facilitator relates the documentation to competences using the competence tool
available in the portfolio by choosing the competence ‘motivating the students in
classroom’ from the teacher’s qualification standard. Finally, the facilitator harmonises

Figure 3. Facilitator’s preparations for learners’ school practice.
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In this scenario LKB activities are related to the internalisation, socialisation and externalisation 
phases of the SECI model in the teacher development context (see Figure 3). This scenario 
encourages cross-organisational activities between two organisations, when school and university 
supervisors harmonise the school practice tasks and goals between themselves.  
 
Usage scenario 2 – Collaborative creation of learning materials 
The university supervisor asks pre-service teachers to collaboratively prepare the lesson that 
includes the active learning methods. The material should include illustrative materials. Pre-service 
teachers then divide themselves into groups and share the responsibilities. One group decides to 
focus on m-learning in biology class. They decide to use the learning resources repository LeMill 
for the creation of learning materials. In LeMill, they will create a group “Biology with m-
learning” and they list all the ideas, materials and resources that can be used. Those who are 
responsible for illustrative materials can embed videos and add photos to the materials. Each pre-
service teacher has access for editing and modifying the same learning material. After finishing the 
material about m-learning combined with the theoretical part of the biology class, example tasks 
with m-learning devices and guidance on how to use these devices will be shared in LeMill and 
Koolielu with the university supervisor and the school supervisor. The school supervisor adds 
comments about the material whether it can be implemented in school or what barriers these 
materials may face. She comments primarily on the technological aspects, for example how students 
might face some barriers when filming and photographing different mushrooms and uploading files. 
The pre-service teachers in several groups will assess the material during the school practice 
activities in different schools. After the lesson, the groups will reflect in the Koolielu community, 
how the material was implemented, and how the material should be improved for the next time. For 
that, they will create a discussion in the forum discussion “implementing m-learning in biology 
class” and each of them will add their remarks and reflections. Group reflections will get feedback 
from university and school supervisors. The university supervisor will discuss the quality of the 
learning materials, how the active learning methods were used and the pedagogical aspects of the 
material. The school supervisor focuses on the conduct of the practical activities and how the lesson 
was generally performed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Collaborative creation of learning materials 
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Figure 4: Collaborative creation of learning materials 

These scenarios demonstrate how individual knowledge may be transformed into
the organisation’s shared knowledge, as Figure 3 and 4 illustrate. For example, due
to the school supervisors feedback on the pre-service teachers’ reflections, materials
and tasks, content becomes more relevant during the school practice compared with
the initial materials that university supervisors provided. This brings school supervi-
sors closer to the university and encourages the collaboration between them. On the
other hand, the pre-service teachers have a chance to learn from their peers’ self-
analyses and reflections with supervisors’ feedback and this supports becoming
closer to school activities in reality. All these aspects influence the barriers
discussed in Chapter 4.2 and should have an impact on diminishing them.

Guidelines for implementation of the theoretical LKB model in a technological
environment

For replication purposes, we provide guidelines for educational institutions inter-
ested in implementing our proposed LKB model in a technological environment.

(1) Initialisation phase: setting up the cross-organisational context:

(a) Identify and engage key stakeholders in organisations;

Figure 4. Collaborative creation of learning materials.
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The described scenario supports the combination and socialisation phase in the SECI model. This 
scenario encourages pre-service teachers to collaboratively create learning material, although each 
of them has a personal goal, which needs to be realised by socialisation with each other (see Figure 
4). The scenario focuses on cross-organisational activities between school and university, because 
both of the supervisors share the feedback about the quality of the material and about the 
implementation process.  
 
These scenarios demonstrate how individual knowledge may be transformed into the organisation's 
shared knowledge, as Figure 3 and 4 illustrate. For example, due to the school supervisors feedback 
on the pre-service teachers' reflections, materials and tasks, content becomes more relevant during 
the school practice compared with the initial materials that university supervisors provided. This 
brings school supervisors closer to the university and encourages the collaboration between them. 
On the other hand, the pre-service teachers have a chance to learn from their peers' self-analyses 
and reflections with supervisors’ feedback and this supports becoming closer to school activities in 
reality. All these aspects influence the barriers discussed in chapter 4.2 and should have an impact 
on diminishing them. 
 
Guidelines for implementation of the theoretical LKB model in a technological environment 
 
For replication purposes, we provide guidelines for educational institutions interested in 
implementing our proposed LKB model in a technological environment. 
  

1. Initialisation phase: setting up the cross-organisational context 
a. Identify and engage key stakeholders in organisations; 
b. Form cross-organisational design-based research teams between school and 

university; 
c. Identify and select a set of digital tools, which are familiar to teachers and which 

support LKB activities. 
  

2.  Analysis phase: collecting data 
a.   Conduct a cross-organisational analysis for LKB needs and opportunities. For 
example, focus group interviews may be used to analyse what technology is available 
and how it is used for LKB currently and what the possible future use is; 
b.   Identify the organisations’ LKB vision (collaboration, scaffolding, networking,        
  individual competence development) and related policies; 
c.    Identify gaps and opportunities, which different stakeholders perceive with the   
  implementation of the LKB model and how the control processes should be   
 considered. 

 
3. Design phase: developing implementation scenarios and support services 

a. Implement participatory design sessions for producing the possible scenarios for 
 different educational organisations that consider technological possibilities and LKB 
 practices;  
b. Provide scaffolding services (training, guidelines, learning technology advisors) for 
staff involved in the project, both in schools and in universities. 

 
4.   Evaluation phase:  

a.  Monitor and measure participants’ motivation and ownership for learning and 
knowledge building activities;  
b.  Communicate the outcome to the participants; 
c.  Evaluate the LKB changes in different organisations but also across organisations, 
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combining different data collection methods (interviews, analysis of reflective accounts, 
data mining in portal log files, survey questionnaires). 

 
 
Conclusion  
In this paper we propose that in a teachers' professional development, using the cross-organisational 
LKB model might better connect individual and organisational learning and promote teacher 
professional development. Together with different stakeholders who are related to teachers' 
professional development, we developed the LKB scenarios for a portfolio-based learning 
environment. These scenarios follow SECI phases across schools and universities, and thereby 
support collaboration between pre-service and in-service activities in schools and universities. This 
study demonstrated that teachers are interested in organising their professional learning activities 
more systematically in order to benefit from the synergetic LKB activities. Such an application of 
LKB activities also provides synergy between group actions (such as supervising and 
collaboration), and individual competence development. We stated that it is important that teachers 
be motivated to plan their competence development, to document it with evidence, and to share 
these reflections in the community, where the university teachers, in-service teachers and students 
are all members. We emphasised that some barriers should be taken into consideration such as the 
intrinsic motivation of teachers, technical preparedness and the teachers' weak sense of identity 
across schools and universities. In order to reduce the barriers as much as possible, we suggested 
that teachers should be involved in the design process of the framework for the LKB model, and 
also in development of the scenarios with the technical environments. As a result, we also provide 
some guidelines for implementation of the technology-supported model for cross-organisational 
learning and knowledge building for teachers. 
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Abstract. For supporting technology-enhanced in-service teacher accreditation 
for professional competences, this case study in Estonian context investigates 
the applicability of an organizational knowledge-management (KM) model ex-
tended by the principles of self-regulated learning. The survey findings revealed 
the existing state, open challenges, and potential barriers of supporting teachers’ 
lifelong learning activities with the new model. An activity scenario and a set of 
software services supporting the harmonization of teachers’ accreditation with 
the model were developed via a participatory design process with the teachers. 
The evaluation indicated that organizational, intra- and inter-personal scaffolds 
embedded in services were used concurrently in each accreditation activity. 

Keywords: accreditation, e-portfolio, competence development, learning path. 

1 Introduction 

In this paper, we focus on designing a technology-enhanced accreditation process of 
teachers’ professional competences. The general vision of the European teaching 
profession outlines that teachers should be lifelong learners who continue their pro-
fessional development throughout their careers [1]. However, teachers’ professional-
ism is at crossroad - one possible future scenario leads to constrained professionalism 
of teachers, due to the rigid and formal accreditation standards; another scenario calls 
for maintaining and pursuing professionalism through teachers’ participation in their 
community of practice [2]. According to the first scenario, formal accreditation stan-
dards would enable periodic evaluation of a set of measurable indicators concerning 
teachers’ work and their conformity to the requirements of their rank on the basis of 
self- and external assessment. According to the second scenario, teachers’ profession-
al growth could also be promoted by reorganizing the teacher accreditation processes 
in such a way that the process would integrate learning and knowledge-building 
(LKB) activities of teachers in their day-to-day practice. This second scenario is in 
line with the assumption that learning in the professional context may be conceptua-
lized as an internal and practically unobservable process that results in changes of 
teachers’ beliefs, attitudes, or competences [3]. In this paper, we investigate technolo-
gical support for the second approach to the accreditation process. We investigate 
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how an organizational knowledge management model [4] could be extended to orga-
nizational learning and knowledge building (LKB) for supporting the accreditation 
process for Estonian teachers. Taking into consideration the national practices of 
teachers’ accreditation process and Estonian practice, we propose that the procedure 
would be more efficient, if it would promote life-long learning, be more performance-
based, and technologically supported. 

2 Technology-Enhanced Accreditation of Teachers' 
Competences 

2.1 Accreditation of Teachers' Competences in Estonia  

In the literature, there is no consensus on the process of teacher evaluation and several 
different terms are used such as teacher certification, accreditation, and attestation. 
Teacher certification usually refers to an initial evaluation of a teacher’s professional 
competences in the beginning of their professional career [5]. Teacher accreditation is 
a procedure for regulating career advancement within profession and/or for justifying 
the decision for experienced teachers’ salary increase [6]. In the context of our study, 
we define accreditation as the procedure for regulating career advancement within 
profession [7]. The aim of the teacher accreditation is to support teachers’ profession-
al development and career possibilities by periodical self-evaluation and external-
evaluation exercises. So, teachers’ self-directed reflective practices should be part of 
accreditation process in addition to the competence standard-based procedures. In this 
paper, we show that the current accreditation process does not encourage teachers to 
integrate their everyday LKB activities as part of the accreditation. 

2.2 Learning and Knowledge Building (LKB) Model for Accreditation 

Teachers, teacher trainers, and the organizations responsible for teacher accreditation 
and standards form an extended professional learning community. A Learning and 
Knowledge Building (LKB) model developed by the IntelLEO project 
(http://www.intelleo.eu) for supporting temporal LKB in extended organizations [8, 
9] could be used for supporting teachers’ accreditation. This model is based on the 
systemic knowledge management model in organizations [4], and contains four  
phases of knowledge conversion: socialization, externalization, combination and in-
ternalization (SECI phases). Naeve, et al. [10] have used SECI phases for describing 
learning process at workplace, focusing on reflective practices in networking and 
collaboration.  The LKB model adds the focus on self-directed planning and reflection 
for competence development in the professional community to the SECI activities. 
Teachers’ professional development activities in a professional learning community 
have been formerly mapped onto the SECI phases [11]. In the accreditation context, 
the following aspects must be highlighted: 

In this model, a competence-oriented approach is pursued so that the accreditation 
procedure starts from the planning of the competence development. For this reason, 
we start describing the SECI phases from the internalization (I) phase. The internali-
zation phase involves mainly individual planning and learning activities like planning 
and reflecting on what competences and goals teachers have previously achieved and 
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what they would like to achieve. Secondly, it is important to notice that learning new 
competences happens in a social context; therefore the socialization (S) phase of  
accreditation aims to support teachers to participate in social networks across bounda-
ries, talking about, sharing, and taking ownership of norms and visions of the teach-
ers’ professional community. In the externalization (E) phase of the accreditation, 
teachers should also reflect about the activities that were significant for their learning, 
and document the learning paths that enabled them to arrive to certain competences. 

Currently, while developing the teachers’ competence standards and accreditation 
norms, it is not considered that the professional community of teachers would con-
stantly evolve the competences. Integrating the combination (C) phase into the accre-
ditation process would allow for considering the community’s contributions in the 
standard development.   

2.3 Technological Support for Teacher Accreditation  

Modern society presumes more or less that a teacher uses some technology for profes-
sional development and life-long learning [12]. Many studies have demonstrated ad-
vantages of the use of e-portfolios in supporting teachers’ professional development 
in that e-portfolio is an electronic collection of evidence that shows a person’s learn-
ing journey over time [13]. In Estonia, the Elgg1-based e-portfolio-community portal 
Koolielu2 has recently been developed for teachers. Koolielu provides individual e-
portfolios, as well as, LKB opportunities in communities. In the competence-based 
teacher assessment, it is common to use e-portfolios with selected evidence of per-
formances and products in various contexts, accompanied by teachers’ comments and 
reflections [14]. Based on the LKB model (Sec. 2.2), three types of scaffolds are 
needed to support LKB in SECI phases during the teacher accreditation: 

• Intra-personal scaffolds – while using e-portfolios, individuals should have a pos-
sibility to plan their learning goals and reflect on their learning paths based on pro-
fessional teacher competences;  

• Inter-personal scaffolds – individuals should be able to learn competences from 
other individuals’ learning paths in the professional community and discuss with 
other individuals about their competence development;  

• Organizational-scaffolds – individuals should align their personal learning goals 
with the required competence standards in the community and contribute to the de-
velopment of competence standards and normative learning paths. 

However, e-portfolio services currently available in professional communities still 
lack functionalities that would support self-directed competence development in the 
extended organizational context. For filling this technological gap, the IntelLEO 
project, among other services, developed the Learning Planner (LP) and the Organiza-
tional Policy (OPT) services. These services, if integrated with the e-portfolio func-
tionalities, would enable teachers to be better embedded into the context of the  
professional community while performing LKB in the accreditation process. The 
description of the services in accreditation process context is provided in Sec. 4.2.  

                                                           
1 http://www.elgg.org/ 
2 http://www.koolielu.ee 
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3 Methodology 

3.1 Research Design 

We used a participatory design approach [9] for developing the technology-enhanced 
support of the teacher accreditation process. The aim of implementing the participato-
ry design elements in the process of developing the technological solution was to 
bring the teachers closer to the development process, and to stress the importance of 
collaboration between teachers and developers [15]. Hence, the approach enabled us 
to turn the traditional designer-user relationship upside down, viewing the teachers as 
experts and the designers as technical consultants [16].   

The study for designing the accreditation process according to the SECI phases of 
the LKB model contained the following steps:  

a) Identifying the needs for changes in the accreditation process. A web-based sur-
vey and interviews were conducted among Estonian teachers.  

b) Designing the accreditation scenario and scaffolding services. Based on the 
LKB model, the usage scenario for accreditation was created with the stakeholders. 
The needs-analysis results and the scenario were used for guiding the development of 
the LP and OPT services.  

c) Evaluating the accreditation scenario and prototypes. LP and OPT services were 
evaluated in the context of the accreditation scenario. 

3.2 Data Collection and Analysis 

A web-based Likert-scale survey was developed that contained twelve statements, 
based on the knowledge conversion SECI phases of our LKB model. The survey 
sample consisted of 53 teachers from Estonian schools all over the country. Five res-
pondents were men and 48 female. The questionnaire was conducted in April 2010 
and the participation was voluntary. The respondents were asked to select their re-
sponse to each statement in terms of their activities in the accreditation context using 
a five-point scale ranging from ‘strongly disagree’ (1) to ‘strongly agree’ (5). The 
means (M) and standard deviations (SD) were calculated for each question.  

We developed an unstructured design interview that was conducted using the LKB 
model schema in the discussions with the teachers. The questions were focusing on 
the: a) artifacts and documents to be presented to the accreditation committee; b) 
processes related to preparing and presenting the accreditation e-portfolio; c) role of 
technology; and d) barriers related to the accreditation process. The design interviews 
were held with three in-service teachers from Estonian Teachers’ Association who 
were experts in the accreditation field. These teachers were also involved in the de-
velopment of the accreditation scenario.  

The evaluation of the LP service was conducted with nine teachers from Estonian 
schools who were familiar with the accreditation activities. The LP functionalities were 
grouped according to the intra-personal, organizational and inter-personal scaffolding 
elements. The evaluation questions tested the teachers’ perceived value of the functio-
nalities with respect to the LKB activities from the SECI phases. After using the LP 
service, the respondents were asked to connect the LKB activities with the service’s 
functionalities using the numbered screenshots of the service. For each LKB activity, 
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the percentage indicating the perceived usefulness of the functionalities of each tool by 
the respondent group was calculated. The OPT service works in harmony with the LP 
but is not directly accessed by teachers, and was therefore not evaluated in this study. 

4 Results 

First, we discuss the current LKB activities in the accreditation context along with the 
respective limitations and barriers. Then, we describe the designed web-based servic-
es developed in terms of accreditation scenarios (Section 4.2.2). Finally, we present 
results of the evaluation of prototypes of the services in the accreditation context. 

4.1 Critical Gaps and Controversies in the Current Accreditation Policy 

We have combined the results of the survey with the results from the interview to 
provide the description of the limitations of the accreditation process. 

4.1.1 Internalization: Planning Personal Competence Development and 
Learning from Others 

Generally, it was found from the survey that learning from colleagues' e-portfolios 
was considered a useful aspect for the respondents, as it would enable them to see 
how their colleagues have composed their accreditation e-portfolios (M=3.46; 
SD=1.67). The teachers admitted that their colleagues’ feedback to the e-portfolio 
reflections could support their development (M=3.31; SD=1.73), but they would ra-
ther not take the feedback into consideration when planning their professional devel-
opment (M=2.94; SD=1.61).  

The interviews also revealed an important limitation of the current accreditation 
process in terms of supporting the professional development of teachers. First, it does 
not support life-long learning. The accreditation portfolio is presented to the commis-
sion either as paper-based or just sent as text-documents. The portfolio does not in-
clude reflections or web-based learning materials as evidences of teacher’s profes-
sional performance. Neither does it include plans for the next working period. In the 
future, when a teacher would like to apply for the next rank, she/he has no systematic 
recordings reflecting what was presented to the commission during the last time of 
accreditation, or the new plans, which were made for the upcoming period. 

4.1.2 Socialization: Networking and Feedback from Colleagues 
Teachers considered socialization an important aspect in their accreditation context – 
they can receive feedback on their performance, and it would support their profes-
sional development (M=3.31; SD=1.73). What makes the feedback aspect interesting 
is that although teachers admitted that getting feedback on their performance is sup-
portive for their professional development, they were not very interested in giving 
feedback on their colleagues’ reflections (M=2.5; SD=1.36). The interviews also 
pointed out that missing feedback is one of the important limitations of the current 
accreditation process. The accreditation commission members let the teacher know if 
the next rank has been nominated, but no feedback is given if any of the aspects were 
performed especially well, and what should be improved in the future. 
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4.1.3 Externalization: Documentation of Knowledge and Competences 
The teachers had quite a high opinion (M=4.08; SD=1.37) that reflections about pro-
fessional activities would support their development. On the other hand, interest in 
documenting the moments of the professional competence development as reflections 
was low (M=2.31; SD=1.43). It means that teachers can theoretically see what is use-
ful for them, but they do not have a habit of documenting their knowledge and com-
petences. This might be the most critical barrier in reorganizing the accreditation 
process. The need for reflections as part of the accreditation requirements was also 
discussed in the interviews with the stakeholders from Estonian Teachers’ Associa-
tion. They stated that teachers, who pass the accreditation process, currently just have 
to list all the evidences of passing the training courses or about guiding the youth 
organizations, but they are not expected to reflect about their teaching activities.  

4.1.4 Combination: Share Documents with Colleagues 
Results from the study revealed that sharing the learning resources, lesson plans and 
tasks with colleagues is not a habit among the teachers (M=2.12; SD=1.58). In gener-
al, the teachers were not very interested in their e-portfolios being published and used 
by other teachers for learning purposes (M=2.75; SD=1.84). The missing sharing and 
reusing culture among teachers might be another barrier for reorganizing the accredi-
tation process according to the LKB model. 

The teachers, who answered the questionnaire, know well what kind of LKB ac-
tivities could support their professional development, but currently they do not do 
these activities. One of the reasons might be that current accreditation process is too 
formal, bureaucratic and does not support teachers’ intrinsically motivated LKB, and 
therefore, there is a lack of collaboration, providing feedback, and sharing the know-
ledge about competences among teachers.  

4.2 Technology Needs to Enhance Teachers’ Accreditation Process 

The IntelLEO project has provided a set of new Web services that are based on the 
SECI model. Below, we describe two of the IntelLEO core services, which are the 
most relevant for teachers in the context of accreditation.  

The LP service is a personal tool for planning and documenting personal learning 
paths toward achieving certain competences, defined as sets of envisaged or com-
pleted learning activities together with related knowledge assets, events and re-
sources. LP provides users with technical support for the three main types of scaffolds 
as introduced in Sec. 2.3. Here, we briefly overview some of LP functionalities for:  

i) Intra-personal scaffolds (in PS in Fig. 1A) - Users can manage and plan their 
learning goals; document their learning experiences including new competences (e.g., 
“Describing learning mesh-ups” in Fig. 1A), learning paths, learning activities or 
knowledge assets; ii) Inter-personal scaffolds – Documented experiences can be 
shared with other users (e.g., “Describing learning mash-ups” becomes a user-created 
competences in OS of Fig. 1B); personal learning goals from PS can be shared with 
colleagues, so that they can collaboratively edit learning experiences; or relevant col-
leagues can be discovered and followed (Fig. 1C), similar to Twitter, where the  
colleagues activities are shown in Social Wave (Fig 1D); and iii) organizational-
scaffolds – users can align  personal goals with organizational objectives (e.g., by 
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selecting competences from OS such as “Composing learning resources in Fig. 1E 
and placing them into PS as shown in Fig. 1); or receiving recommendations for the 
most suitable competences and learning paths, ranked based on users’  user model and 
current learning context (OS in Fig. 1). 

 

Fig. 1. Learning Planner: PS – Personal Space; OS – Organizational Space 

The OPT services are used to define needs and requirements at the organizational 
and administrative levels such as specifying the organizational structure and job posi-
tions, binding job positions to a set of competence definitions, harmonizing the set of 
internal competences with the ones of other organizations (e.g., university), or setting 
incentives for competence management. Functionalities of these services are grouped 
into four different modules: i) Competence Management Module where the compe-
tences, related to the organization can be defined and modified; ii) Organizational 
Management Module where the roles within the organization can be defined; iii) 
Learning Management Module (LMM) where the Learning path templates can be 
prepared, taking into consideration the roles and competences used in the organiza-
tion. Such templates designed in LMM propose initial recommendations for users in 
the LP service; iv) Inter-organizational Management Module where the competences 
between organizations can be mapped and harmonized; and v) Motivation Manage-
ment Module which defines the motivation policies at the organizational level. 

The LP supports competence development process of individuals and the OPT as-
sures that individuals’ knowledge sharing process is compliant with the organization’s 
culture, rules and norms. Combining LP and OPT with the e-portfolio functionality 
might support the professional development and accreditation process, efficiently. 

4.2.1. Accreditation Scenarios 
A scenario illustrating how to use the developed LKB model in the accreditation 
process in teacher development context was developed in the participatory design 
sessions together with teachers.  
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An accreditation specialist at the National Examinations and Qualifications Centre 
develops the formative evaluation learning path template by using the OPT. Addition-
ally, the learning path activities will be associated with appropriate competences 
described in the Standard of Teacher's Professional Competence, with the same tool.  

Teacher Jane has decided to pass the accreditation process in order to get the next 
rank in her teacher career. Jane uses e-portfolio for the accreditation process. She 
finds from her LP a recommended accreditation-oriented learning path template that 
has been prepared by an accreditation specialist using the OPT. First, she defines her 
learning goals. Then, she explores her colleagues' existing accreditation learning 
paths in order to learn from them. Jane also decides to create a group with LP, where 
other teachers, who are preparing themselves to pass the accreditation process, could 
share their experiences and support each other. To provide evidence for each compe-
tence, Jane describes her learning activities and uploads files or adds Web links as 
evidences of her competences. All activities should be explained with reflections. In 
LP, all the activities in the accreditation template have to be connected to one or 
many competences from the competence standard accessed via the OPT. Finally, Jane 
should plan her professional development for the next professional period. The 
created content (reflections, evidences, certifications) may be visible only for the 
owner (teacher), only for selected users or groups (e.g. the commission). After Jane 
has shared the access to the commission, the commission is expected to give feedback 
on each of the competence-based activities in Jane’s e-portfolio by writing a reflec-
tive evaluation and suggestions for the future. 

4.3 Evaluation Results of Software Prototypes in the Accreditation Context  

Evaluating the prototypes of the IntelLEO services with nine Estonian teachers, re-
vealed how different functionalities might co-support the LKB activities related with 
the accreditation process in each SECI phase (see Fig.2). To simplify the overview, in 
the figure, we coloured the functionalities according to organizational scaffolds 
(black), intra-personal scaffolds (white), and inter-personal scaffolds (grey).  

In the Internalization phase, the most useful functionalities for planning their 
personal learning goals were intra-personal scaffolds such as “My favourite learning 
goals”, “Personal learning paths”, and “Adding new assets to personal learning paths” 
(50%). The activity of harmonizing personal learning goals with those of their or-
ganization was mainly (56%) influenced by three organizational scaffolding func-
tions, and intra-personal scaffolding functions (32%) indicating that self-directed 
planning for accreditation should be embedded into the context of the requirements 
from the professional community. The inter-personal scaffolds (48%) appeared to be 
very important in the internalization phase for learning from colleagues. It seems that 
the learning paths and assets from the colleagues should be harmonized with the or-
ganizational competences before they are accepted as personal goals. However, this 
finding needs to be clarified via interviews. 

The Socialization phase was represented with the activity socializing and net-
working with colleagues. It was found that this activity was mostly (67%) supported 
by the inter-personal scaffolding functionalities such as “rating and commenting as-
sets and learning paths”, “visibility and authorship of the assets/learning paths” and 
by “the social analytics”. Yet, even in the socialization phase, the organizational and 
intra-personal scaffolds were of some importance to the teachers (25%). 
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In the Externalization phase, teachers used the three types of scaffolds equally 
(67%) while documenting their knowledge and competences. The most important 
functionalities in the externalization phase seemed to be “competence description”, 
and possibility of adding and editing “personal learning paths” and “new assets”. In 
the Combination phase, the activity sharing documents with colleagues was firstly 
supported by the inter-personal (48%) and by intra-personal scaffolds (35%).  

It appeared that teachers combined organizational, inter- and intra-personal scaf-
folding functionalities of the LP for different LKB activities in the accreditation  
process. These types of scaffolds are simultaneously needed and should be used con-
currently in every LKB activity in an accreditation process.  

 
Fig. 2. The usage of LP scaffolding elements during the LKB in accreditation process 

5 Conclusion 

While one possible future scenario of teacher professionalism to the managerial no-
tion of evidence-based accreditation is based rigid and formal standards, an alterna-
tive scenario calls for maintaining and pursuing professionalism through teachers’ 
participation in the community of practice, through collaborative learning and know-
ledge building activities. According to the latter approach, teachers’ professional 
growth could also be promoted by reorganizing the teacher accreditation processes in 
such a way that on-the-job LKB activities of teachers is also taken into account. In 
this paper, we showed how to technologically support the second approach for accre-
ditation. We propose to integrate the LKB model derived from Nonaka and Takeuchi 
[4] as part of the accreditation process for Estonian teachers. Taking into considera-
tion the national practices of teachers’ accreditation process and Estonian practice, we 
propose that the procedure would be more efficient, if it would follow life-long learn-
ing aspects, be more performance-based, and technologically supported. 
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Article introduces the model for implementing the technology-supported learning and
knowledge building (LKB) framework for developing the simulated extended professional
community in which Estonian teachers’ professional accreditation may be reorganized. A
design-based participatory method was used involving the domain experts from the
university and teacher’s professional association to collaboratively design and validate the
implementation model elements. We propose the cyclical implementation process model
that integrates the activities of designing a suitable technology-supported LKB framework
for an extended professional community. Three domain-experts from the university and
the teacher’s association and thirteen teachers were involved in launching the simulated
extended professional community according to the implementation model. For model
validation the focus-group interviews were conducted with the participants. We illustrate
the implementation model phases using the narratives of the participants. As a result, we
highlight some tips for practitioners who would like to support LKB in the extended
professional community. Copyright © 2012 John Wiley & Sons, Ltd.

Keywords learning and knowledge building; extended professional community; implementation
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BACKGROUND

Since technology has not become part of the daily
practice of organizational learning (Loermans,
2002) studying the innovation implementation

processes and proposing themodels for supporting
innovative changes has become the research
field (Lam, 2004; Mirijamdotter & Somerville,
2008). There is currently no universally accepted
standard for the implementation of knowledge
management systems, although organizations
today have developed multiple approaches to
creating distinct steps to design, implement and
measure knowledge management systems that
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meet the goals and objectives of the organization
(Calabrese & Orlando, 2006). Also, the implemen-
tation of technology-supported learning and
knowledge building (LKB) across organizations
to create an extended professional community
has not been studied. This paper intends to fill this
gap, by proposing a model how to implement a
technology supported LKB framework for enhan-
cing Estonian teachers’ professional accreditation
in an extended professional community.

In this paper, we assume that there is the need for
developing teachers’ lifelong learning habits in
the extended professional communities of teachers
from different schools and domain experts
from universities and professional associations
(Heath & Johnson-Taylor, 2006). For example,
Tammets, Pata & Laanpere (2011) have identified
the gaps in the Estonian teachers’ accreditation
policy. Currently, in Estonia a teacher who would
like to raise their career level to expert teacher or
teacher-methodologist, has to pass a bureaucratic
and paper-portfolio based accreditation process
that does not support teachers’ lifelong professional
development. Teachers cannot demonstrate in
their accreditation portfolio the digital innovative
learning materials that they have created. Second,
the competence-evaluation process lacks from
performance-based and authentic assessment and
feedback from the commission—teachers can find
out the result whether they were accredited, but
no information is provided concerning what in
what they are professionally good at and which
skills they should develop further in their profes-
sional development. This inhibits using the feed-
back for planning future self-development and
using the accreditation portfolios for continuous
self-monitoring and reflection process. Third,
current accreditation does not value belonging to
professional communities and sharing the reflec-
tion of professional activities as part of profes-
sional practice.

We propose that adopting the system frame-
work for knowledge conversion (see Nonaka &
Takeuchi, 1995) in teachers’ professional practise
may be one possibility for creating meaningful
learning and knowledge building in the accredit-
ation context in the community as part of profes-
sional practice (Tammets et al., 2011; Tammets,
Pata & Laanpere, 2012). Social software has

opened new challenges and opportunities
for launching such a community (Chuang,
2010). For example, in Estonia, teachers can
already use the portfolio-community Koolielu
(http://koolielu.ee) for their professional practice.
In this article, we focus on the implementation
of the technology-supported learning and know-
ledge building (LKB) framework in the simulated
extended professional community of teachers and
domain experts.We propose a general implementa-
tion model and evaluate the model in the Estonian
teacher accreditation context.

Models for implementing the change

Rubenstein-Montano et al. (2001) have claimed
that there is no universally accepted framework
or methodology for implementing knowledge
management solutions. Many approaches to
organizational change consider organizations as
systems, which need to keep and establish stability
between change phases (Lewin, 1951). Klein
and Speer-Sorra (1996) define implementation
as the transit period during which targeted
organizational members ideally become increas-
ingly skilful, consistent, and committed in their
use of innovation. We support the situated nature
of the change approach (Orlikowski, 1996),
which may be described as an ongoing incremen-
tal adjustment and adaptation process by target
group members. This approach is bottom-up
people-centric and participatory and is more
relevant than the IT-Centric top-down approach
that considers implementation as a one-time
event-based approach for introducing the change
(Lewin, 1951; Klein & Speer-Sorra, 1996). The
organizations, which constantly need to keep
themselves responsive to the external challenges,
would require considering change management
not as the temporary requirement but as one of
the processes that is always present in organiza-
tion’s functioning.

Sunassee and Sewry (2002) describe the
organizational change process assuming that for
implementing the organizational change, the
organizational knowledge management (KM)
model is useful. Their model deals with the
overall activities that need to be performed in
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the organization during the knowledge manage-
ment effort. The organization needs to carry out
the following key high-level activities: (i) perform-
ing a knowledge-based analysis; (ii) creating a
vision for the KM initiative and providing leader-
ship; (iii) aligning the KM effort with the business
strategy; (iv) planning and designing the KM;
(v) managing the organizational culture and
managing change(s); (vi) managing with a holistic
approach, including stakeholders, organizational
partners and an overall environment; and (vii)
creating and managing organizational learning in
a stabile period. Inspired by above-mentioned
aspects, the implementation model that we
propose consists of three inter-related blocks
of organizational change:

(1) The participatory design of learning and
knowledge building (LKB) processes using
technology support;

(2) The implementation of these designed LKB
processes, and;

(3) The impact of these implementations on the
organizations’ responsiveness.

Figure 1 illustrates our implementation model
application for creating the extended professional
community of teachers in accreditation context.
The three blocks of the model are all intercon-
nected—the preparation and ‘kick-up’ phase of
the implementation process influences and is influ-
enced by the current state of responsiveness of
organizations, whereas the phase for sustaining
the organizational responsiveness validates and
monitors the innovative change processes in the
extended community.
In the preparation phase of cross-organizational

LKB it is important to define and involve the
stakeholders from different organizations into
the team for conducting the participatory design of
cross-organizational LKB processes with the technology
support. When people are invited to participate
and when their ideas are taken seriously, their
commitment to the change process will increase
(Strauss, 1998). It is important to analyse the needs
for defining the critical LKB gaps including the
technological gaps that prevent the organizations
and the individuals to effectively learn and create
knowledge, and identify the opportunities that
launching cross-organizational LKB might give.

Results of analysing the gaps would give input
for formulating and creating the LKB vision
for the extended community and selecting or
designing the suitable technology for enhancing
LKB. Also, it is important making organizational
LKB policy and culture decisions for supporting
the implementation process. In this phase, it is
important to focus on the following aspects:

• Motivational barriers—Teachers are not gener-
ally analysing their development systematically
(Harrison, Lawson & Wortley, 2005). Lin (2001)
indicates that documenting personal experi-
ences might help teachers to monitor their own
progress and therefore increases their intrinsic
motivation for reflection practices. It has been
found that social embeddedness, such as peer
support and seeing other teachers’ ideas and
learning attempts, might serve as an intrinsic
motivator for teachers’ LKB as part of everyday
work (Holocher-Ertl et al., 2011; Tammets et al., ).

• Critical barriers, tensions and conflicts—Mohd
et al. (2008) have pointed to the following
barriers in the implementation process of tech-
nology-supported activities: (i) human factor—
lack of participation of all the individuals, pro-
fessionals experience and skill, and lack of
adequate training; (ii) political factor—lack of
the establishment of organizational policies;
(iii) cultural factor—missing expertise in imple-
menting cultural changes; (iv) goals factor—
lack of consistency between software processes
and the organization’s strategic objectives;
unrealistic expectation about the LKB with
technology; (v) change management factor—
no support during orientation and no technical
support.

• Control processes: roles and responsibil-
ities—According to Riege (2005), the critical
barriers related to the roles and responsibilities
are as follows: (i) lack of leadership and in
terms of clearly communicating the benefits
and values of knowledge sharing practices;
(ii) hierarchical organization structure that
inhibits or slows down most sharing prac-
tices; (iii) one-directional communication and
knowledge flows (e.g. top-down); (iv) use of a
rigid hierarchy, position-based status, and
formal power.
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• Organizational policy and culture—Riege (2005)
claims that existing corporate culture does not
provide sufficient support for sharing practices;
there is a lack of social networks and the know-
ledge retention of highly skilled and experi-
enced staff is not a high priority; there is a low
awareness and realization of the value and
benefit of possessed knowledge to others; there
is a dominance of sharing explicit over tacit
knowledge such as know-how and experience

that requires hands-on learning, observation,
dialogue and interactive problem solving.

In the second kick-up phase of the cross-
organizational implementation of LKB processes, the
LKB vision should be operationalized into the
technology supported activities and facilitation
processes. Introducing the LKB as a cross-
organizational activity in extended community
may take place in the formal settings of the

Figure 1 Implementation model for learning and knowledge building activities in accreditation context in the extended
professional community
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training course for in-service teachers which simu-
lates the new accreditation processes as part of
community practices. The technology supported
extended professional community across educa-
tional organizations could be launched in the
informal settings for instance as the community
of the same subject teachers and the university
domain experts. As schools, universities, and
teacher-accreditation bodies may have different
LKB cultures and the technological abilities of the
planned professional community members may
vary, the need for facilitation and training should
be analysed and the facilitation plan should be
prepared that particularly focuses on how to create
the ownership of new cross-organizational LKB
practices by translating the LKB vision into the
everyday activities with the technology in the
specific context such as teacher accreditation. To
sustain the community, the need for establishing
the ‘leadership’ is important, which, in the case of
online communities, might be a moderator, facili-
tator or list owner (Stuckey & Smith, 2004). Niazi,
Wilson & Zowghi (2003) have claimed that train-
ing is a success factor in the implementation of
software processes and they likewise believe that
learning appears as an important factor in the
success of implementing technology. The techno-
logical support for the participants should be orga-
nized for avoiding that LKB will be hindered
because of the technical issues. Materials, instruc-
tions and support in the system should be made
available. In that phase, the instruments and
means for monitoring, analysing and communi-
cating the LKB in the extended community
should be also defined and developed.
The third phase of the implementation model

sustains organizational responsiveness for the partici-
pating organizations as well as for the extended
community. This phase creates the feedback loop
of the LKB processes and technology usage
within the extended professional community to
the participating organizations and individuals
and enables the dynamic and situated changes to
be developed as the next turns in the implementa-
tion cycles. In this phase, it is worth to monitor
and analyse the organizational gains (how did
the knowledge conversion across the members
from the participating organizations involved into
the community contributed to the organizational

and to the community knowledge) and the
individual gains (such as the ownership of the
LKB activities, motivation to become reflective
practitioners). It is important to communicate
about the LKB changes to the community
members, policy makers or other stakeholders.
The participatory design team should analyse the
feedback collected in this implementation phase
to validate if embedding the LKB vision into the
professional community was successful and if
sufficient scaffolding was provided. Such analysis
would indicate for the needs of making further
changes in the participating organizations and in
the implementation process phases to better imple-
ment the LKB vision. Thereby, the implementation
process can be cyclically updated and supports
the individuals in becoming reflective practi-
tioners, and the organizations and the extended
professional community in developing the collect-
ive knowledge.

The proposed implementation model involves
in the first phase different organizations for analys-
ing the needs and creating the LKB vision that is
useful for all the organizations. In the second
phase, the extended professional community will
be initiated for conducting and implementing the
LKB activities from the point of view of different
organizations, tasks and responsibilities will be
shared and the portfolio-based community is a
space for collaboration. In the third phase the
organizations are responsible for analysing if
the temporal LKB activities succeeded in the
extended professional community and making
the changes in the organizations, but also in the
LKB framework if needed. Therefore, proposed
implementation model involves several organiza-
tions who simultaneously prepare the LKB shared
vision, initiate the extended professional commu-
nity and sustain the community. Same time each
organization could be in the process of change
(which influences the implementation process of
LKB vision in the community). Also, the commu-
nity could be in process of change while imple-
menting the LKB vision and, therefore, influence
the organization to change as well. Therefore, the
implementation of an innovation will not remain
as one-time event but creates an evolving system
that is able to be adaptive to the internal and exter-
nal changes and challenges.
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The implemented change—LKB framework for
the extended professional community

We suggest that the theoretical standpoints of the
learning organizations and organizational learn-
ing could be transferred to some extent into the
context of the extended professional community.
Senge (1990) has defined learning organization a
group of people continually enhancing their
capacity to create what they want to create. He
relates learning organization concept with the
following features: the adoption of systems
thinking approach, the accumulation of individ-
ual learning into team learning, the develop-
ment of shared visions, personal mastery and
commitment to learning and challenging the
mental models of individuals and organizations
(Senge, 1990). He assumes that organizations learn
only through individuals who learn- however,
individual learning is not the guarantee for
organizational learning but just the prerequisite.
Argyris (1977) defines organizational learning as
the process of detecting and correcting of errors.
He claims that organizations learn through
individuals acting as agents for them and the indi-
viduals’ learning activities, are facilitated or inhib-
ited by an ecological system of factors that may be
called an organizational learning system.

The community of practice concept defines commu-
nities as groups of people who are interrelated
by mutual engagement with established norms and
collaborative relationships, joint enterprise that is
based on the shared understanding negotiated
among the community members, and shared reper-
toire, a set of communal resources and meanings
(Wenger, 1998). He identifies that dynamism into
communities of practice is brought by the follow-
ing: (i) meaning creation in participating in prac-
tices and activities that are often unplanned and
(ii) in the reification of meanings in the purpose-
fully designed activities where meanings derived
from practice are formulized into more usable
knowledge of the community; (iii) individuals
can also bring into the community new knowledge
and learn from other communities; and (iv) they
are constantly building their identities as part of
participating in the community activities, negotiat-
ing the power and rights to control intowhat direc-
tion the community is moving (Wenger, 1998).

Scardamalia and Bereiter (1994) introduce the
concept of knowledge building community that
supports discussions between professionals that
aim to advance the knowledge of the members
collectively, while supporting individual growth
with the aim of producing new experts and
extending expertise within the community’s
domain. Stoll & Louis (2007) define the extended
professional community as an inclusive group of
people, motivated by a shared learning vision,
who support and work with each other, finding
ways, inside and outside their immediate commu-
nity, to enquire on their practice and together
learn new and better approaches that will enhance
all pupils’ learning.The professional learning commu-
nity plays an important role in influencing
judgments concerning professional skills, such as
collaboration and self-analysis (DuFour, 2004).
Communities do not include control process by
themanagement as organizations, that may inhibit
the implementation process, but launching the
extended professional community would still
need support from the formal organizations for
conducting the LKB process (for instance, accredit-
ation process needs support from commissions).

To guide the changes in the extended profes-
sional community, the knowledge conversion
model from Nonaka and Takeuchi (1995) was
adopted into the LKB framework. This LKB
framework was developed in the context of the
7th EU-funded Intelligent Learning Extended
Organization (IntelLEO) project that investigated
IntelLEOs as technology-supported extended
learning communities that emerge as a temporal
integration of two or more industrial, educational
and/or research organizations with different
cultures through temporal LKB acts (Kislinger
et al., 2009). Nonaka and Takeuchi (1995)
assumed that organizational knowledge may be
dynamically developed in four different phases:
(i) socialization (S); (ii) externalization (E); (iii)
combination (C); and (iv) internalization (I).
According to their SECI model, knowledge is
created and improved when it flows between
different levels of an organization and between
individuals and groups (Hosseini, 2011). The
SECI model from Nonaka and Takeuchi (1995)
has been also seen as the knowledge manage-
ment model that follows systems thinking
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(Jackson, 2005). In IntelLEOs, an organization may
evolve through SECI activities—organizational
knowledge can change through its members and
partners, and organizations may adjust them-
selves to other organizations’ contexts.
Our LKB framework, adopted from original

SECI model, proposes temporal LKB activities
in the professional community that is composed
as an IntelLEO. Although original SECI model
does not focus on reflective practice from the
point of view of self-directed learning, the LKB
framework aims at promoting the individuals’
professional development in the extended profes-
sional community as well as the knowledge
growth in the community through the systems
approach. The LKB framework describes how
socialization (S) between individuals and individ-
ual external reflections (E) build the knowledge
base for collaborative knowledge combination
(C) that enables to bring tacit individual know-
ledge into explicit organizational knowledge and
make it reusable for self-directed learning and
internalization (I). This way the individual can
learn from the organization and organization can
become a learning organization. The temporal
LKB activities in the framework are mediated by
the technology—the portfolio-based community,
which is a free platform and not managed by any
of the organizations but creates a space and struc-
tures the extended professional community. Using
the portfolio-based community enables additional
support to the system thinking application. For
example, an extended professional community
may have its own community knowledge that is
stored in and becomes reusable from the portfolio
community.
The LKB framework describes a continuous

LKB process that guarantees the responsiveness
of the professional community as well as the
participating organizations (Kislinger et al., 2009).
The responsive system in the IntelLEO context
is an organization where (i) there is the presence
of knowledge exchanges among employees (collab-
oration opportunities, knowledge exploration and
exploitation processes, reflective dialogues) to
socially and collaboratively construct responsive-
ness in organizations (Bray et al., 2007; Jacobs,
2003); (ii) the employees canuse knowledge to adapt
their actions to appropriately fit environmental

conditions (Weick & Roberts, 1993; Bray et al.,
2007); and (iii) there is distributed intelligence
and dispersed learning processes are carried out
within loosely coupled different organizations
(Brusoni, Prencipe & Pavitt, 2001; Orton & Weick,
1990). The LKB framework as an innovative
change creates the temporal LKB activities within
and across the organizations. Following the
system approach, the LKB framework enables
changes at system level (in participating organiza-
tions and in the extended professional community)
that are caused by the LKB activities of individuals
participating in the community. The extended
professional community is responsive because of
the systems thinking approach. However, also the
involved organizations become responsive, and
they learn because the members of the extended
professional community who are coming from the
different organizations bring the new and updated
community knowledge to their organizations.

In this study, the members of the extended
professional community are the pre-service and
in-service teachers and the domain experts from
the teacher training universities or professional
unions. They aim to learn together and support
each other’s professional growth, keeping that
way the teacher education dynamically updated.
The LKB framework enables to promote various
professional practices of teachers in the period
of becoming from teacher student to novice
teacher (see Tammets et al., 2012) and aims at
reorganizing the professional accreditation activ-
ities of in-service teachers as lifelong learning
activities (Tammets et al., 2011). We will further
discuss the application of LKB framework in
Estonian teacher accreditation context in section 3.1.

METHODOLOGY

In this study, we tried to use our proposed imple-
mentation model as a methodological approach.
This model uses the participatory action research
approach in each phase (see Chapter 1.1). Partici-
patory design activities in each phase of our
implementation model followed the systems
thinking approach. We were inspired by the Soft
Systems Methodology, developed by Checkland
and his associates (see Checkland, 2000) for
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fundamental strengthening of the organizational
change. Soft Systems Methodology comprises an
iterative four-stage process—finding out,modeling,
comparison and taking action (Mirijamdotter
& Somerville, 2008). Susman and Evered (1978)
have claimed that participatory action research is a
form of action research that involves practi-
tioners as both subjects and co-researchers in the
systemic and cyclic process of situation diagnosis,
action planning and action taking (intervening),
followed by evaluating and reflecting—that
is, learning. To initially develop and later to adopt
the IntelLEO approach in extended organizations,
Kislinger et al. (2009)) have suggested following
the participatory design approach and involving
the members from both organizations’ in the
design of appropriate LKB solutions for them, as
well as in the planning and conducting the imple-
mentation in their own organizations. Our object-
ive was to engage the teachers and the domain
experts in the design process of accreditation-
related LKB activities.

Our study aimed to develop an implementation
model for launching an extended professional
community of educators where the participants
could interact based on the LKB framework for
getting ownership of the new teacher accreditation
activities and validating this implementation
model. The partially web-based course conducted
in the portfolio-community was designed for
simulating a professional community. The course
lasted for 15weeks and simulated the accredit-
ation activities according to the LKB framework:
preparing the accreditation portfolios, socializing
and reflecting, initiating or participating in reflect-
ive discussions, learning from others’ reflections
and from the community’s knowledge and scaf-
folding the others.

Participants of the study

In the different phases of the implementation
process (see Chapter 1.1 and Figure 1), themembers
from Tallinn University (TLU; one of the Estonian
national universities), the Estonian Teachers’
Association (ETA; a state-level organization that
connects different subject-teachers from across
Estonia) and IntelLEO project (see http://www.

intelleo.eu) (the Information Society and Media
project of European Commission) were involved.
Particularly in the phase I of the model, while
developing the LKB vision for teacher accredit-
ation and its application with the software
support, several technology and learning experts
were involved from TLU and IntelLEO, and three
expert teachers from the board of the ETA partici-
pated in the design. In phases II and III, where
the simulated extended professional community
was designed and launched as an in-service
course, one researcher (PhD student) and one
senior researcher (PhD) were involved from TLU
as domain experts in the design and launching
of the course and conducting course evaluation
procedures. Their expertise was related to the
theoretical foundations of LKB activities. At the
course, they initiated the community building
and provided scaffolding to the teachers’ personal
growth. Both researchers were experienced
in designing training courses for teachers that
supported professional growth by improving-
competences using LKB activities. One expert from
ETA was involved in designing and facilitating
the course as a domain expert of practical
accreditation related aspects and professional
practices. Additionally, 13 experienced Estonian
secondary school teacherswho intended to prepare
themselves to pass the accreditation process for
applying the next career rank participated in the
study as part of the phase III of the implementation
model. These domain experts from TLU and ETA
and teachers from schools constituted themembers
of the simulated extended professional community.

One of the teachers was a music teacher, three of
them were language teachers, one of them was a
computer teacher, three of them were biology
teachers and five were handicraft teachers.
They decided to participate at the course for
preparing themselves for the forthcoming teacher
accreditation in an innovative way. In Estonia,
the teacher accreditation for increasing the
career ranks (from novice teacher–teacher–expert
teacher–teacher-methodologist) (see for more
details about the Estonian teacher career ranks
(Krull, 2000) is voluntary and is motivated largely
by the expected increase in the salary because any
other benefits will not be provided when getting
the higher rank. The career rank has no influence
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on teachers’ workload, but it is currently under
discussion that teacher methodologist and novice
teacher should have fewer lessons compared with
the teacher or expert-teacher. Novice teacher salary
is at the minimum level. After the accreditation to
the level of a teacher, salarywill be raised 6%. After
the accreditation to the expert teacher level, salary
will be raised 14%. After getting the final career
rank—teacher-methodologist, salary will be raised
by about 21%. Teachers at all the rank levels are not
supposed to have free hours during working day;
the salary will be reduced then.

Data collection and analysis

Data were collected in the III phase of the imple-
mentation process at the end of the course with
the following instruments:

(1) Focus group interviews were conducted with
the domain experts and the teachers for
studying the participants’ perceptions about
different aspects related to the implementa-
tion model. Teachers were interviewed in
two groups—seven teachers and six teachers,
respectively; the two domain experts from
TLU and ETAwere interviewed individually.
Interviews lasted about an hour and were
audiotaped, and the transcription was per-
formed later. The research instrument—the
questions for the experts and the participant
focus group interview—was collaboratively
developed in the 7th FP project of IntelLEO.
Not all the interview questions of that instru-
ment focused on the implementation process
and this study presents only the implementa-
tion-related results of the interview;

(2) The written reflections, collected from the
teachers’ weblogs in the portfolio community
were analysed, to get an insight into the
content of reflections and comments, and so on.

The written transcriptions were analysed with
the content analysis method. Holsti (1969) has
defined the content analysis method as ‘any tech-
nique for making inferences by objectively and
systematically identifying specified characteristics
of messages’. Researchers may use two different
approaches when analysing the data with the

content analysis method. First, the categories can
be pre-defined, or the categories could be gener-
ated in the analysis phase. Pre-defined categories,
as used in this study, are usually defined before
the empirical study begins. According to Watts
and Zimmerman (1986)), when using pre-defined
categories, the focus tends to bemore generalizable
and categories are theory driven. This study used
also pre-defined categories associated with the
IntelLEO implementation model: (i) organizational
policy and culture; (ii) control processes; (iii) roles
and responsibilities; (iv) tensions and conflicts; (v)
facilitation and training; and (vi) motivation.

Thewritten self-reflections in blogswere studied
using narrative analysis. According to Riessman
(1993), the aim of narrative analysis is to study
how people express their experiences and
make sense of events and actions in their lives.
Narrative data can be speech collected via inter-
views, focus group discussions, and participant
observations, or it can refer to a written text
(biographies, diaries, notebooks and other docu-
mentation) (Polkinghorne, 1988). Because of
confidentiality and privacy issues, the names of
the participants in this study have been changed.

RESULTS AND DISCUSSION

In the next chapter, we will give an overview of
the evaluation of the implementation of the LKB
framework into the simulated extended profes-
sional community. We have organized the data
from interviews and blog posts into the subchap-
ters that present the aspects related with the
implementation model (see Figure 1). In the end
of each subchapter, we present the tips that
should be considered in this phase of the imple-
mentation process by practitioners.

The preparation phase of the learning and
knowledge building activities in the extended
professional community

As part of the first phase of the implementation
model, TLU and ETA formed a participatory
design team and adopted the LKB framework devel-
oped for intelligent extended learning organizations
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in IntelLEO project into the Estonian teacher
accreditation context. (Note that TLU and
ETA participated in IntelLEO project and the
Estonian teachers’ case was one of the empirical
cases of the project.) TLU and ETA collaborated
for addressing the gaps in the current teacher
accreditation process and developed a scenario
for implementing LKB framework into the
teacher accreditation context (see for more details
Tammets et al., 2011). Scenario describes how
teachers could reflect systematically in different
LKB activities and create community knowledge
that is based on individual professional know-
ledge and experiences.

• In the externalization phase, teachers should
individually analyse their competences and
reflect about their development. They should
write in the blogs the self-analysis about their
learning paths for learned competencies and
compose their accreditation portfolios according
to the requirements of the teacher accreditation.

• In the combination phase, teachers should com-
bine in the forum individual reflections and
perform reflective discussions with the shared
goal for generalizing their own experiences
how to achieve certain educational technology
competences. Additionally, domain experts may
initiate the discussions upon the organizational
norms associated with the accreditation to
promote teachers’ knowledge construction and
reflection.

• In the internalization phase, it is important to
learn from the colleagues and from the commu-
nity knowledge. Therefore, domain experts
should encourage teachers to monitor peers’
contributions and read the theoretical materials
that they suggest, participate in the discussions
and group works together with other teachers
and domain experts, as well as, to support
each other by commenting the reflections in
the blogs.

• In the socialization phase, community members
should socialize in the forum with the aim to
find support for the individual learning needs
(technical advice, privacy issues etc.) or for
affective reasons. It must be noted that these
phases always happen simultaneously in the
extended professional community.

The main guidelines in the first phase of the
implementation model are as follows:

• For the participatory design, involve stake-
holders who are motivated to participate in
an implementation process and whose owner-
ship with LKB activities is strong;

• Participants from both organizations should
be involved in different types of activities—
planning, developing, implementing and evalu-
ating. This ensures a people-centric and partici-
patory bottom-up approach and that ownership
of both organizations will remain strong;

• The creation of the LKB vision for a certain
extended professional community should be
performed and technologies selected that work
without any problems;

• Identify all possible gaps and challenges at
individual and organizational levels. These
aspects should be addressed with possible
solutions;

• Find participants and develop a plan to
strengthen their feeling of belonging to a
community.

The kick-up phase of the implementation in the
extended professional community

As part of the second phase of the implementation
model the participatory design team developed
the plan how to launch the simulated extended
professional community for teacher accreditation.
Second, the team decided to use the interviews
and blog posts presented in Chapter 2.2 as the
instruments for getting feedback of the implemen-
tation process.

It was agreed that an efficient way to present the
concept and support of technology-supported
LKB activities in the accreditation context is
launching a free of charge training course for
in-service teachers who are interested in raising
their career rank this term. This course aimed at
simulating the LKB activities of an extended
professional community according to the accredit-
ation scenario. Such a course could increase the
theoretical knowledge about accreditation issues
and create an ownership of the new LKB practices
in the technological settings that are close to those
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(e.g. in theKoolielu professional portal for teachers)
that teachers can use afterwards for reorganizing
their activities associated with accreditation as part
of lifelong self-development in the professional
community.
The course duration was 15weeks, it was

partially web based and contained three 6-hour
face-to-face contact days where teachers could
learn how to use technologies and get help and
discuss about theoretical issues of the course. At
the end of the course, the university that organized
the course provided teachers with a certificate of
participation that could be used as an evidence of
training in the accreditation process. Estonian
teachers are required to pass annually certain
hours of in-service training.

The course had two goals:

(1) To give the necessary knowledge and skills to
teachers for preparing and presenting the
accreditation e-portfolio and

(2) To give the necessary knowledge and skills to
teachers for preparing the learning paths of
the teacher’s professional activities. These
learning paths were part of the self-analysis
in their accreditation e-portfolios.

The course was divided into following modules
and LKB activities:

a) Accreditation and e-portfolio—theoretical material
about e-portfolio in the accreditation context
was to be read (internalization). Discussions
about theoretical material (combination) were
to be performed in the forum. Additionally
participants had to start preparing their
accreditation e-portfolios (externalization). When
needed, participants had to socialize in the
forum with their questions and hesitations
(socialization). This module supported the idea
that the member of the extended professional
community could prepare the professional
development portfolio for authentic lifelong
learning and use it in the accreditation or other
types of certification/evaluation processes.

b) Competence-based education—theoretical material
about competence-based professional devel-
opment was to be read (internalization).
Discussions about material (combination)
were to be performed in the forum. Additionally,

participants had to reflect, how they acquired
one educational technology competence that
was pre-defined by the domain experts. The
guidelines for reflection were available for the
community. After that, participants had to
divide themselves into groups and collabora-
tively combine their individual reflections to
the shared knowledge. As a result of this collab-
orative task, community members formulated
what kind of activities could be performed for
acquiring the certain competence, and which
resources might be supportive in the compe-
tence development process. Thismodule aimed
to demonstrate that if the individual analyses
and plans own development in accordance
with the competency standard and adds
evidences as illustrative materials, the planning
process is systematic and could be part of the
lifelong accreditation portfolio.

c) SECI model as theoretical baseline for teacher
education—the last module was similar to the
previous one—for reading and discussing
the theoretical material was presented, individ-
ual reflections and collaborative tasks were
performed. That module shaped and deepened
the idea of reflection in the community and
theoretically focused on theory-driven (SECI)
teacher development.

All the three modules enabled teachers’ indi-
vidual reflections, sharing the reflections within
the community, combining the reflections to the
collective knowledge in simulated extended
professional community and learning from the
individuals and from the community knowledge.
All the activities in the modules associated
with some SECI phases and enabled individual
level and community level knowledge creation.
Teachers had time to finish each module
about 1month, all together 15weeks. They had
a chance to prepare their accreditation portfolios
during the course and additionally perform the
LKB activities. Without individual contributions,
it was not possible to participate in the collabora-
tive tasks; therefore, everyone had to finish their
personal reflections in weblog on by agreed date.
It could be estimated that about two-thirds of
the time, teachers performed their LKB activities,
and rest of the time, they prepared their
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portfolios, but it is just an estimation because the
LKB activities were also tied with the creation of
accreditation portfolios with the self-analysis
and peer-scaffolding aspects. It was not agreed
how many hours teachers had to write in
a weblog; it was important to perform the
needed tasks.

The main guidelines in the second phase of the
implementation process are as follows:

• Develop a thorough facilitation and training
plan (such as a simulated course in our case)
with the specific LKB activities in the selected
context;

• Before the LKB activities start, the participatory
design team should agree what kind of feed-
back will be collected and with which kind of
evaluation instruments. Such a goal-driven
approach to implementation enables obtaining
thorough feedback in the cyclical implementa-
tion process;

• In the preparation phase, the team should
consider to whom the results of the implemen-
tation should be communicated, and how to
ensure that evaluation results would be
considered in the future;

• Learning communities are heterogeneous, and
every teacher needs a different type of support.
Some of them may be technically capable,
some of them might need a domain expert’s
support daily and some of them may need no
organizational support at all, whereas others
may need to be encouraged by management.
These factors have a profound influence on the
whole implementation process.

Sustaining a responsive organization

n this phase of the implementation, it was import-
ant to validate the model to get feedback for the
next iteration of the implementation. We used
focus-group interviews and written reflections in
blogs to determine if the LKB activities in the
extended professional community settings influ-
enced organizational responsiveness. Teachers
evaluated different aspects of the implementation
process in their reflections on a weblog and in the
focus-group interviews. We illustrate both the

positive and critical aspects of implementation
with the narratives of teachers to validate the
implementation model and make recommenda-
tions for the next iteration in the settings of the
extended professional community. One teacher
and one domain expert shared their experiences
in focus-group interviews about the implementa-
tion process, and their thoughts are presented as
narratives in the end of this chapter.

• Motivational barriers in implementing LKB

Teachers pointed out in focus-group interviews
that there are two types of motivation for
performing LKB activities—internal and external.

Teacher Ingrid:

‘If I knew that my professional portfolio was accepted
in different evaluation processes, I’d be more moti-
vated to update it systematically. Then it would be a
more natural process—I would regularly document
my activities and I wouldn’t have to analyse myself
at the end of a year in just a few days, but I would
have updated my development during the year. But
without internal motivation to learn, share and
develop, I can’t update my portfolio efficiently as well;
this can’t be an obligatory activity. If it is obligatory
and forced by the school board, then it will not work
as well’.

This narrative illustrates that teachers’ techno-
logically performed LKB activities should be
accepted by the authorities in the context of
induction year, accreditation, applying to the
university or a job position, internal evaluations
and so on. Teachers would be more motivated
to develop and update their e-portfolios if they
were accepted in different evaluation processes.

• Critical barriers, tensions and conflicts

The teachers identified several barriers and
tensions in our study. The first one is time related,
and the second one was technology related.

Teacher Merle

‘Starting to document my professional activities
on a computer means that I have to skip the
enjoyment of sitting on a sofa doing fancywork,
which is a more enjoyable activity’.
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Teacher Sirje

‘In order that a teacher can use technology in
professional activities, the technology must be
in working condition. Schools should provide
possibilities to use technology in every class-
room, not just in the computer lab. A facilitator
(or educational technologist) should be present
who could help teachers with different kinds of
technical issues’.

Teachers have lack of time to perform techno-
logically supported LKB activities. Reflection,
commenting, planning the development based
on competencies, creation of materials and so
on are extra activities for teachers. Assuming that
technological skills are rather low as well; then, it
takes even more time for teachers. It can be
assumed that if teacher becomes more experi-
enced with the technologies, then technologies
becomes medium that fastens and supports daily
activities. So far, teachers could be supported
with the training courses, educational technolo-
gist or other form of help.

• Control processes and roles and responsibilities

Teachers did not have any specific opinion
about control processes or role changes when
performing LKB activities. Although their narra-
tive illustrates that they miss that, their voice
could be valuable for the management.

Teacher Hanna

‘I think that I know more about my intelligent
and capable colleagues than our management
does; I know what they are doing, what they
are doing well, and what courses they are
interested in. Sometimes it seems to me
that management does not value my smart
colleague, because they just don’t know her’.

Such situation can be associated with the dual
factors—management has time, status and the
authority but, in general, less or no teaching
expertise. Teachers have less time, status and
authority, but they have the teaching expertise.
Those factors should be combined for more
productive teaching practice.

• Organizational policy and culture

Although teachers perceived their support
from organizations differently, they still indicated
that the organization is one of the key factors that
could influence teachers’ LKB activities.

Teacher Piret

‘The fact that organizations could take advan-
tage of teachers’ knowledge and experiences is
not currently recognized. Knowledge is moving
and changing between teachers, colleagues and
communities, but the school, as an organization,
seems to be not interested in it. Our school is
quite supportive and management encourages
us to be innovative (I even applied for the
position with e-portfolio)’.

Teacher Elin

‘School needs loyal teacher, who produces good
students, keep the school in the list of five-
best-schools (by exam-results) and bring new
smart students to the school, not someone who
thinks often about own professional growth’.

These narratives illustrate Riege’s (2005)
assumption that organizational culture influ-
ences the employees’ LKB activities. Primarily,
the teachers perceived that their knowledge,
experience and individual aims are not valuable
to their organization.

• Need for facilitation and training

Facilitation was considered an important sup-
portive aspect of participating at the extended
professional community. Without domain experts’
encouragement, many of the teachers would have
left the course.

Teacher Elin

‘I perceived that feedback and comments from
the community very useful to me. But I also
think that internal motivation to learn influences
the readiness to perform these activities. And if I
see that something changes after my activities—
peers’ comments, peers’ contributions, manage-
ment support etc.—that encourages me a lot. I
also think that it was very important to know
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the theoretical baseline of this experiment. All
the materials, instructions, learning resources
facilitated this process’.

Teacher Eve

‘Addition to time, I need a very competent
supervisor and facilitator’.

Narratives indicate that the course as whole was
perceived as useful for supporting teachers’ LKB
activities. Teachers supported the idea that their
LKB might be part of the accreditation, and in this
process, the university domain experts should be
involved into supporting the teachers.

• Dynamically changing knowledge in the
extended professional community

During the focus-group interviews, teachers
admitted that when they looked at their collea-
gues’ learning paths and self-reflections, it influ-
enced their own learning. One of them said:
‘When I looked at my colleague’s blog, it made me
instantly analyse myself - where I needed to develop,
whether I should participate in the same courses as
she did, whether I should use the same learning
resources, and so on’. Other said: ‘Reading my
colleagues’ blogs and their learning paths was inspiring
for me. If they were honest in public space, then it
encouraged me to be open as well and consider my
own development. Reflections about their development
made me analyse my own development. I often felt that
I wanted to make comments and support colleagues; I
also wanted to offer conceptual advice to one of my
colleagues who presented her accreditation portfolio’.
Teachers perceived that if everyone would docu-
ment activities like this, it would influence not only
the school’s knowledge base but also the teacher-
education knowledge base in general. ‘If schools
were to follow the teachers’ portfolios, they could see
the actual practices of its employees and according to
that, school could redesign and modify its goals and
directions’, said one of the teachers. Another added
this comment, ‘At the same time, universities can
modify the teacher-education curricula and training-
course plans for in-service teachers who participate in
further studies at the university’.

An account by a teacher, Eve

‘It seems tome that my organization is not inter-
ested inmy professional development and that I
could contribute to the organizational know-
ledge creation process with my experience and
knowledge. For example, last week our board
said that our goal is now to be more appealing
to newcomers as there is a threat that our high
school will be closed. Additionally, boys’ learn-
ing results are lower and they suggest teachers
should take training courses that focus on how
to teach boys more effectively. So no one is inter-
ested in my development plans and what I
would like to learn. When it comes to technol-
ogy-supported LKB activities, every spring I
have to write long paper-based self-evaluations.
We have no discussion about these and I receive
no feedback. I can’t even remember what goals I
set last spring—it is not systematic, I don’t know
if anyone even reads it and I wish I could
harmonize my goals with the board but they
are not interested’.

This narrative gives important input for the
future phases of implementation of LKB activities
and how to communicate the changes that are
about to take place on the employee’s side but
not on the side of the organization.

An account by a domain expert:

‘The first focus group interview had a negative
tone when we talked about the organization’s
support of LKB activities, dynamically chan-
ging organizational knowledge and the role
of the teacher in school development. Other
focus group said in the interview that although
the school’s goals might be ‘rigid’ sometimes,
they have never perceived that the school is
not interested in teachers’ development or is
any other way stagnant. Instead they feel that
many teachers are not interested yet in using
technology in their activities and the school
forces it on passive teachers. But what I
perceived more than the teachers did, was that
all the discussions about accreditation policies,
requirements, gaps and possibilities influenced
the organizational knowledge in the accredit-
ation context. Together with ETA, we collected
all the opinions, suggestions and concerns, and
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then made suggestions for changing the current
accreditation based on teachers’ opinions.
Teachers unknowingly collaboratively presented
their point of view that can be used in formal
discussions with the Ministry of Science and
Education. Additionally I perceived more
how teachers’ knowledge and experience can
be used in in-service teachers’ training courses
and how these should be organized to support
teachers more’.

This domain expert’s narrative illustrates how
teachers influenced the development of commu-
nity knowledge without acknowledging it them-
selves. At the end of the implementation process,
this kind of information—results of the activ-
ities—should certainly be communicated to tea-
chers to raise their consciousness about their role
in the development of organizational knowledge.
Additionally, this narrative indicates how univer-
sities can learn from teachers in the process of
designing training courses for them—what their
needs and capabilities are.
In general, the interview indicated that the

teacher perceived the implementation phase more
from an individual aspect, whereas the domain
expert seemed to have a stronger sense of owner-
ship; she perceived the whole process more
broadly and saw the potential of this model in
the settings of the extended professional commu-
nity. The teacher’s case illustrates the whole
process—first, she assesses her current develop-
ment, and then, she perceives that she needs to
learn more; she defines the barriers in her profes-
sional development process, and she provides
factors that support her learning.
The following issues need to be focused at in

the third phase of implementation:

• Determine whether an individual employee’s
habit of performing self-directed LKB activities
for professional development purposes was
influenced with the implementation of LKB
activities in the extendedprofessional community.

• Study how teachers’ knowledge and experience
may influence the responsiveness of an
organization (in our case, in a school-university
partnership) and more importantly—what we
should then do with our findings.

• It is not enough to involve only users in the
process of technology-supported accreditation,
especially when policy-makers do not seem
interested in collaboration. One of the teachers
presented an accreditation portfolio prepared
during the course to the Ministry of Science
and Education, and it was not accepted; she
had to present the .doc files as well. This greatly
influenced the motivation of teachers.

• Analyse the whole implementation process (for
the next iterative phase of the implementation).

• Communicate the results of the implementa-
tion to the end-users for supporting their
acknowledgement of what they learned and
how they influenced the organizations.

LIMITATIONS

Although the LKB framework was implemented
and implementation model prepared for the
settings of the extended professional community,
we did not manage to involve all the possible
participants (authorities, teachers’ communities,
teacher educators), and the study was conducted
in the settings of the simulated extended profes-
sional community. Therefore, the participants in
the real and authentic settings should start work-
ing with the framework and the proposed model.
Our model emphasized the importance of the
supportive organizational culture, but the sup-
portive organizational culture was not realized in
the study by the involved organizations (schools,
ministry).

CONCLUSION

This study introduced an innovative implementa-
tion model that supports the development of the
responsive extended professional community
using the cyclical and continuous people-centred
and bottom-up systems approach. The implemen-
tation model has three phases: (i) in the first phase,
LKB vision should be created and critical barriers
should be defined that enable educational organi-
zations to jointly make technology-supported
changes in lifelong learning (e.g. becoming a
reflective practitioner, accreditation as a lifelong
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practice); (ii) the second phase prepares the
plan for creating ownership of LKB practices in
the extended professional community in specific
context by training and facilitation and develops
evaluation and monitoring instruments; (iii) the
third phase monitors how the extended profes-
sional community works, communicates the suc-
cesses and setbacks of the LKB activities to the
community members to support active participa-
tion in the community and analyses what changes
are needed in the next cycles of implementation to
sustain the LKB in the extended professional
community.

Implementing innovations in the organizations
and communities can be similar and still face
different obstacles. In the settings of the extended
professional community, the control structures
that may slow down or forbid implementation
process of innovations can be less encountered
than in the formal organizations. As the members
of the extended professional community are all
part of the formal organizations (teachers from
schools, domain experts from the universities,
commission members from the ministries and
so on), and the support from the organizations
should be available for the community members.
That is the aspect that makes the implementation
model contradictory, although the extended profes-
sional community does not have the hierarchical
structures as in the formal organizations, but it
needs the supportive decisions of the organiza-
tions to make the LKB processes authentic for
teachers (in the accreditation settings for instance).
Therefore, the proposed implementation model
connects different organizations for the extended
professional community with the aim to perform
LKB activities.
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Abstract 

The study proposes a way in which the learning and knowledge building (LKB) 
framework, which is consistent with the knowledge conversion phases proposed by 
Nonaka and Takeuchi, supports teachers’ informal and self-directed workplace learning. 
An LKB framework in a socio-technical system was developed to support professional 
development in an extended professional community The LKB framework was 
implemented and formatively evaluated in the in-service course that prepares teachers 
for accreditation in an e-portfolio community. The extended community consisted of 16 
participants, in-service teachers and domain experts. The evaluation considered (a) how 
the LKB practices of the framework became actualized among the community members 
and (b) what supported these LKB practices. Data were collected from log-files of the 
portfolio system. Correlation analysis and Bayesian dependency modelling revealed the 
way in which the bottom-up peer scaffolding from community members influences 
teachers’ LKB practices. As a result, the study proposes that a socio-technical system 
might promote LKB in a professional community.  
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Introduction 

This study describes and validates technologically supported learning and knowledge 
building (LKB) practices in an extended professional community. It substantiates the 
use of LKB practices as a vehicle for enhancing teachers’ on-going professional 
development. The technology-supported LKB practices in the extended community are 
conceptualized as an example of the socio-technological system. The authors also 
propose forms of scaffolding that might promote LKB in such systems. 

Currently, teachers’ professional development is mainly provided in formal workshops, 
training courses, and conferences, but in order to benefit from learning experiences in-
situ, professional development should be an on-going process in the workplace 
(Duncan-Howell, 2007). Professional development should focus on self-directed 
learning in the authentic settings that occur while planning, reflecting, and sharing 
personal learning experiences (Mushayikwa & Lubben, 2009); learning together with 
one’s peers (Boyle, White, & Boyle, 2004); and participating at collaborative knowledge-
building events (Scardamalia & Bereiter, 2003). A study by Marrero, Woodruff, 
Schuster, and Riccio (2010) indicated that teachers who participated in online courses 
and learnt together with peers found this form of learning more supportive than 
traditional professional development workshops. Online professional development may 
provide opportunities for integrating teachers’ experiences as learners and teachers, 
claim Mackey and Evans (2011).  

In this article the authors support the consideration that learning appears if there has 
been some significant change in an organization’s ‘groups’, or a person’s way of 
thinking, perceiving, or doing something (Harri-Augstein & Thomas, 1991). Learning is 
an internal and hardly observable change in teachers’ beliefs through self-analysis, 
reflection, and competence development that does not necessarily have to be visible to 
others (Scardamalia, Bereiter, & Lamon, 1994). Knowledge building (KB), on the other 
hand is an external, individual, and socially shared knowledge construction process, 
which results in the formation of various forms of new cognitive artefacts that contain 
individual, group, and organizational knowledge (Scardamalia & Bereiter, 2003). The 
learning and knowledge building practices should be considered together in a 
professional learning context because they strengthen each other. In order to detect the 
learning of individuals and organizations, the change process itself – knowledge 
building, its results and cognitive artefacts – needs to be external and shareable. In self-
directed LKB practices, individuals create the knowledge but are also influenced by, and 
can learn from, shared organizational and individual knowledge. 

 

Many authors (Boyle, While, & Boyle, 2004; Huberman, 2001) believe that teachers’ 
learning should be a social process. Hargreaves (1993) said that in order to avoid 
individualism and isolation in the teaching profession, professional learning should be 
conducted collaboratively. The current study focuses on an extended professional 
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community established within the context of a school-university partnership for 
promoting teachers’ accreditation. The community of practice concept defines 
communities as groups of people who share a concern or a passion for something they 
do and who learn how to do it better as they interact regularly (Wenger, 1989). Learning 
in the community of practice takes place by gradual enculturation to the shared 
repertoire and understandings. The professional learning community is commonly 
believed to involve a group of teachers sharing and critically interrogating their practice 
in on-going, reflective, collaborative, inclusive, learning-oriented, growth-promoting 
ways (Stoll & Louis, 2007).  

According to Hunter (2002), technology provides teachers with opportunities to 
collaborate with other teachers and experts outside of their schools. Duncan-Howell 
(2007) claims that technology supports the development of online communities of 
teachers, and if in the past the school was the community, then larger communities are 
formed now. She notes that members of online communities may come from different 
schools, resulting in a richer community and exposure to a variety of perspectives. Such 
online communities may support collaboration between the school and university as 
well, as proposed by Goodland (1994). Such partnerships promote the development of 
collaborative relationships and improvement of teaching skills and strategies and 
provide opportunities to update and improve pre-service teacher education programs. 

The phenomenon in which human/computer interaction and human communication 
are systematically integrated is conceptualized as a socio-technical system (Herrmann, 
2009). According to Weinberger, Fisher, and Mandl (2002), socio-technical systems 
bring people together to share information and to collaborate in an environment where 
scaffolding enhances collaboration and the sharing of individual and group knowledge. 
Herrmann (2009) also proposed that socio-technical systems could employ social 
software solutions for supporting learners to become members of communities, to 
conceptualize the understanding of their learning process, and to receive feedback.  

In the current study, the technology support for teachers’ LKB in the extended 
professional community is provided by the socio-technical system comprising social 
media and the professional community of teachers and educational specialists. There is 
a need to better understand how the technology-supported extended professional 
community, as a socio-technical system, promotes teachers’ LKB. The role of scaffolding 
has been claimed to be important for facilitating self-regulated learning in technological 
environments (Pea, 2004). However, little is known about what kind of scaffolding 
appears in extended professional communities, and how it may facilitate LKB practices. 
The aim of this study is to explain how a socio-technical system promotes LKB practices 
in an extended professional community. The following research questions were 
formulated: 

a) Which LKB practices do the community members perform and could the LKB 
practices of the framework become actualized among the community members?  
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b) How does a socio-technical system scaffold LKB practices in the extended 
professional community? 

 

The Framework for Organizing Teachers’ Learning and 
Knowledge Building Practices  

For the systemic organization of teachers’ LKB practices in the extended professional 
community, the elaborated knowledge conversion model, developed by Nonaka and 
Takeuchi (1995), is proposed in this study. The original model focuses primarily on 
knowledge creation and the transfer of knowledge between implicit and explicit forms 
and across individual and organizational levels, which makes the model relevant for this 
study. Knowledge conversion across individual and system levels could be used in the 
communities similarly as in organizations, assuming that both represent system level 
phenomena. Nonaka and Takeuchi (1995) describe four knowledge conversion stages 
(SECI): Socialization (S) between individuals using tacit knowledge then externalizing 
(E) it in individual reflections in an organizational context that builds the knowledge 
base for collaborative knowledge; combination (C)facilitates bringing tacit individual 
knowledge into explicit organizational knowledge and making it reusable for individual 
learning in internalization (I).  

Self-directed and informal learning, as a form of professional development, is not well 
recognized or understood in the workplace (Lom & Sullenger, 2010). In the research 
and practice of knowledge creation, the individual as the carrier of the knowledge has 
been marginalized (Haag, 2010); although from the self-directed learning perspective, it 
is the individual’s self-motivation that promotes knowledge building and learning. In 
the context of a teacher’s continuous learning, the focus on self-directed learning (SDL) 
is important (Mushayikwa & Lubben, 2009) since professional development should 
arise from a teacher’s own initiative (Van Eekelen, Vermunt, & Boshuizen, 2006). 
Nonaka and Takeuchi (1995) have not considered self-directed learning as a motivator 
of organizational learning at the individual level, but the authors argue that self-
regulated planning, reflection, and activities that develop competence should be 
integrated into the externalization and internalization phases of the knowledge 
conversion model (Pata & Laanpere, 2008; Tammets, Pata & Laanpere, 2011).  
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Figure 1.  LKB practices in different SECI phases. 

 

The authors propose that using the SECI phases for organizing teachers’ LKB practices 
in an accreditation context enables the creation of a knowledge conversion process in 
the extended professional community of teachers and educators in which accreditation 
becomes part of lifelong learning (Tammets, Pata & Laanpere, 2012). The exact 
descriptions of the LKB practices for supporting teachers’ development in an extended 
professional community are discussed in the Results section, but Figure 1 illustrates the 
general LKB practices in different SECI phases.  

Technology-Support for LKB in Teacher Professional 
Development 

In the current study for organizing LKB practices in a teachers’ professional community, 
the authors used a portfolio-based system that consists of e-portfolios that are shared in 
an online community. Several studies have highlighted the importance of the e-portfolio 
in teachers’ professional development, because a portfolio can demonstrate compelling 
evidence of growth and competency (Abrami & Barrett, 2005). It may also serve as a 
medium for translating theory into practice (Hauge, 2006). In the e-portfolio, teachers 
may collect their learning materials, reflections, competence development, and other 
mainly profession-related content that can illustrate their professional journey over 
time. Acosta and Liu (2006) argue that an e-portfolio community may promote new and 
authentic collaboration and enable teachers to reflect and share their experiences; to 
become inspired by their peers’ reflections; to support each other and work together 
with shared reflections (Acosta & Liu, 2006). We proposed that in the professional 
community, the e-portfolio community creates additional possibilities for organizing 
LKB practices. It can be a free platform not managed by any of the organizations. It 
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creates a space and adds structure to the extended professional community. In such a 
system, a community may have its own community knowledge that is stored and 
becomes accessible and reusable from the portfolio community (Tammets & Pata, 
2012). A portfolio-based community as a socio-technical system promotes LKB by 
enabling the community members to (a) write external reflections on actions and share 
them within the community; (b) find and reuse those external reflections by learning 
from them, and for creating generalized community knowledge; (c) have collaboration 
and knowledge building about knowledge, competences, or actions with the community 
members; and (d) plan professional development based on shared social and 
community norms. 

The role of scaffolds in facilitating self-regulated learning has been found to be a critical 
issue in online learning environments (Pea, 2004). Pea sees two threads in the 
scaffolding concept coming together, a social process and a tool/technology process, but 
the scaffolds are not found in the software;rather, they are functions of processes that 
relate people to the performances in systems over time. Inspired from these two 
dimensions of a scaffold, this study emphasizes two types of scaffolding: peer 
scaffolding and socio-technical scaffolding. 

Peer scaffolding.  

Several studies have emphasized that scaffolding is a social process. The term 
“scaffolding” was introduced by Wood, Bruner, and Ross (1976), who described 
scaffolding as a process that enables a child or novice to solve a problem, carry out a 
task, or achieve a goal which would be beyond his unassisted effort. In this study, the 
concept of a peer is seen in the context of an extended professional community where 
the peers can be the members of different communities in relation to a teacher’s 
professional development. In this study the teachers from different schools and domain 
experts from different universities and teacher organizations are seen as peers in the 
professional community who could provide peer scaffolding to individuals from the 
professional community. In the current study, the authors differentiate between peers in 
an extended professional community: (a) a peer from a university (domain expert), (b) a 
peer from a teachers’ organization (domain expert), and (c) a peer from a school 
(teacher). Pata, Lehtinen and Sarapuu (2006) proposed the ‘multi-actor’ scaffolding 
model - one in which the inter-relationships between verbal tutors and peer scaffolding, 
during a collaborative process, were outlined. According to this model, tutor and 
students frequently elaborate and replace each other’s scaffolding acts in a collaborative 
situation. It was found that a tutor’s dominating type of scaffolding encourages students 
to take a more passive role by interacting mainly with their tutor and to a lesser degree 
with their peers. However, if tutor and students elaborated each other’s scaffolding acts, 
this might facilitate the students’ productive discourse more than the tutor’s scaffolding 
alone. In the current study, the role of different types of peer scaffolding on a teacher’s 
LKB practices was of interest. 
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Socio-technical scaffolding.  

Puntambekar and Hubscher (2005) have said that owing to advancements in 
technology, scaffolding is no longer restricted to interactions between a human expert 
and a learner. Such interactions have been extended to include the use of technological 
tools, resources, environments, and so on. An example of socio-technological scaffolding 
is the Knowledge Forum, developed to scaffold the knowledge-building framework 
(Scardamalia & Bereiter, 1994). This system guides educators in providing scaffolding 
for sharing ideas and thoughts within a networked database, making knowledge 
artefacts available for others to work on and to be elaborated further. In the Knowledge 
Forum, the weblog, forum, and the personal portfolio mediate the accumulated 
knowledge of the community, providing scaffolding for the community members. 

  

Methodology 

 

Research Design and Case Description 

This study follows the case study methodology for data collection. Yin (1984) defined 
the case study as an empirical inquiry that investigates a contemporary phenomenon 
within its real-life context, when the boundaries between phenomenon and context are 
not clearly evident and in which multiple sources of evidence are used. The case study 
method includes the following steps: (a) determine and define the research questions; 
(b) select the cases and determine data gathering and analysis techniques; (c) prepare to 
collect the data; (d) collect data in the field; (e) evaluate and analyse the data; (f) 
prepare the report. The same steps were followed in this study. Using the case study 
approach in this study demonstrates the current trends of research in education. As 
Creswell (2005) claims, case studies focus on real activities; therefore the case study 
approach was chosen for this research in order to get an insight into teachers’ actual 
LKB practices in a technology-supported extended professional community. 

The study was conducted in collaboration with the EU funded 7th FP project IntelLEO, 
whose aim is to explore supportive technologies for LKB practices of learners in 
extended organizations. In collaboration with the project, the study was designed to 
support teachers’ LKB practices using a portfolio-based learning environment during an 
in-service training course. Partially web-based, the course supported the activities in the 
extended professional community. The community members could socialize and reflect 
on actions, initiate or participate in collaborative practices, learn from the reflections of 
others as well as from the community knowledge, and  scaffold their colleagues. 
However, the formation of real professional communities takes a much longer time 
period than a three-month training course and admittedly this imposes a limitation on 
this study. 
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The environment for the professional community was designed on the open-source Elgg 
platform that is a portfolio-based community. Elgg supports individual development of 
the users with portfolio functionalities, such as writing entries in a personal weblog, 
uploading files, and development of materials with the collaboration tool. From the 
community-building aspect, Elgg supports creating communities, socializing in a forum, 
and co-developing materials with peers. The Elgg platform was used since Estonian 
teachers can use the analogical e-portfolio community “Koolielu” (http://koolielu.ee) for 
their professional community activities and for personal development. However, the 
authors chose not to use Koolielu directly because it does not enable automatic data-
collection of user-activities at the level required in this study. 

For encouraging the development of the extended professional community, the 
following course modules were designed. 

(a) Topic: Accreditation and e-portfolio. Theoretical material concerning an e-portfolio 
in the accreditation context was required reading (internalization). Discussions about 
theoretical material (combination) were to be performed in the forum. Additionally 
participants were required to start preparing their accreditation e-portfolios 
(externalization). When needed, participants were required to use the forum to socialize 
by asking questions and expressing their uncertainties (socialization). This module 
supported the idea that a member of the extended professional community could 
prepare the professional development portfolio for authentic lifelong learning and use it 
in the accreditation or other types of certification/evaluation processes.  

(b) Topic: Competence-based education.  Theoretical material concerning competence-
based professional development was required reading (internalization). Discussions 
about material (combination) were to be performed in the forum. Additionally 
participants were required to reflect on how they acquired one educational technology 
competence that was pre-defined by the domain experts. The guidelines for reflection 
were available to the community. Subsequently, participants were required to divide 
themselves into groups and collaboratively combine their individual reflections in 
‘shared knowledge’. As a result of this collaborative task, community members then 
formulated the kind of activities that could be performed for acquiring a certain 
competence and identified which resources might be supportive in this competence 
development process. This module illustrated that if the individual analyses and plans 
their own development in accordance with the competency standard and includes 
evidence in the form of illustrative materials, the planning and analysis process is 
systematic. 

(c) Topic: SECI model as a theoretical baseline for teacher education. The last module 
(b) was similar to the previous one (a) – reading and discussing the theoretical material 
was presented and individual reflections and collaborative tasks were performed. That 
module shaped and nurtured the idea of reflection in the community and a focus on 
theory-driven (SECI) teacher development. 
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All the activities in the modules are associated with some SECI phases and enable 
knowledge creation at the individual and community level.  

Data Collection and Analysis 

The data were collected from 16 participants in the study. Of these, 13 were experienced 
Estonian secondary school teachers who intended to prepare themselves in order to 
pass the accreditation process for reaching the next level in their career path and three 
were domain experts from the university and from the teacher’s professional union. 
These participants constituted the members of this extended professional community. 
For analysing teachers’ LKB practices and determining the scaffolding logging traces in 
the system was used for collecting the data.  

Logging users’ activities in the online system. 

To validate if and how the planned LKB practices took place between the community 
members and to find an answer to research question 1, the study used log data for 
analysing the interactions in the system. A special activity-logging tool was developed as 
an add-in module for the Elgg-based portfolio system. The log contained all the data 
relating to the actions that the users performed in the system in an extended Activity 
Streams format. Each log record contained the username, action, object, time-stamp, 
and context (e.g., “username1 added blog post at 27th December 2011 17.06 p.m. to the 
community X page”).  

In the next phase, one researcher categorized all of the actions in the log-file, mainly 
based on the SECI phases. Teachers’ (T) and domain experts’ (O) socialization activities 
were categorized as S_T and S_O. Externalization activities were divided into writing a 
blog entry E(Entry)T or commenting on a blog E(Comment)T or E(Comment)O. 
Combination activities in the  forum were categorized as C_T and C_O. In addition, the 
activity view was categorized as View T and View O and this included viewing the 
weblogs, forums, and materials. This type of approach supports analysing the peer 
scaffolding.  Every comment and discussion thread was manually checked to see if the 
teacher’s purpose was to collaborate or socialize in the forum. Internalization in this 
study was not measured. Log-information from the system indicated that teachers often 
just looked at the posts in the discussion forum, peers’ blogs, or theoretical learning 
materials. In this study “the viewing within the system” is considered as an action of 
“viewing”. The data was categorized and discussed with another researcher and in cases 
where the researchers had differing opinions the data was not categorized until both 
researchers reached agreement in their decision. The study did not analyse 
internalization and learning using the log data. It can also be assumed that cognitively 
one interaction in the system may involve more than one SECI activity. For example, 
while commenting on a peer’s blog (E-phase), a teacher may also learn at the same time 
(I-phase).  

A total of 1,789 occurrences of LKB practices were identified within 15 weeks. The 
interactions were counted and organized into the weekly frequency data matrix. Firstly, 
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the correlation analysis with SPSS 18.0 software was performed to identify associations 
between the interactions. Secondly, the web-based Bayesian dependency-modelling tool 
B-course (Myllymäki, Silander, Tirri et al., 2002) was used to model the dependencies 
and make assumptions about how the LKB interactions influenced each other as a 
system. The naïve causal dependency model was drawn, leaving aside (for the sake of 
simplification) the possibility that the dependencies could be caused by unmeasured 
variables. During the search 2,749,453 candidate models were evaluated, but the last 
2,392,158 evaluations did not result in finding better models.  

 

 Results 

 

LKB Practices in the Extended Professional Community 

In order to establish the professional community, the practices from our LKB 
framework (Tammets et al., 2011; 2012) were adapted to the teacher accreditation 
context and embedded into the socio-technical system (Figure 2). The aim was to 
develop the systemic LKB practices that would support the creation of the community 
knowledge based on the sharing and accumulation of individual professional knowledge 
and experiences. 
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Figure 2. The technologically supported LKB practices in the extended professional 
community. 
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In the evaluation phase the LKB practices of the framework were analysed to determine 
if they could be systematically implemented among the community members. Based on 
the data from the log-files, the following were identified.  

LKB practices that were actually carried out in the accreditation course community: 

• Socialization - members socialized in the forum with the aim of finding support 
for their individual learning needs (technical advice, privacy issues, etc.) or for 
personal reasons. 

• Externalization – externalization of the professional knowledge in the weblog 
through reflection. Teachers wrote a self-analysis based on their educational 
technology competency and evaluated their development. Their comments 
included reflection and they provided feedback to their peers as part of the 
externalization. 

• Combination – the community members combined their individual reflections 
about the competency enhancement process with the joint generalization of how 
to achieve certain educational competences. Also, domain experts initiated 
discussions in the forum regarding the organizational norms associated with the 
accreditation process, in order to promote the teachers’ knowledge construction 
and reflection. 

• Internalization – teachers’ individually analysed their competences based on 
the competency model, accreditation requirements, reflections on peers’ 
weblogs, and feedback from the community members. They learned from their 
colleagues and from the community knowledge.  

To determine the interrelationships between the practices of the community members, a 
correlation analysis of activity sequences was conducted (see Table 1). In the Table, T or 
O behind the practices indicates teacher (T) or domain expert (O) and the letter in the 
bracket indicates the SECI phase.  

Table 1  

Correlation Analysis of LKB Practives 

  View
_T  

View
_O  

E(Entr
y)T 

E(Comme
nt)T 

E(Comme
nt)O 

S_T S_O C_
T 

C_
O 

View_T  r 1         

View_O r
  

0.828
** 

1        
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E(Entry)T r 0.722
** 

0.626
* 

1       

E(Comme
nt)T 

r 0.651
** 

  1      

E(Comme
nt)O 

r
  

0.822
** 

0.898
** 

 0.691** 1     

S_T  r
  

0.650
** 

0.607
* 

0.874*
* 

  1    

S_O r 0.641
* 

0.791
** 

0.662*
* 

 0.567* 0.750
** 

1   

C_T r
  

0.789
** 

0.888
** 

0.571*  0.752**   1  

C_O r
  

     0.520
* 

0.52
5* 

 1 

  * Correlation is significant at the p < 0.05 level (2-tailed) 

** Correlation is significant at the p < 0.01 level (2-tailed) 

The dataset was organized according to weekly LKB frequencies and was enabled to 
search for the correlations between the community members’ different LKB practices so 
that predictions could be made as to how the LKB framework was functioning as a 
system. Correlation analysis indicated that the teachers’ viewings of the blog and forum 
were significantly interrelated with writing the blog entry (r = 0.722), commenting on 
the community members’ blog (0.651), socialization activities by peers (r = 0.650), and 
combination activities by peers (0.789). This may indicate that a teacher looks at what 
other community members have performed in the system and then performs different 
LKB practices (belonging to S, E, C, in the LKB framework). It also means that the 
knowledge created by other community members and shared as a community resource 
serves as community knowledge promoting other types of LKB. Correlation occurred 
between the socialization and externalization activities of teachers. Those teachers who 
socialized in the forum were very likely to write a blog entry as well in the same week (r 
= 0.874). Writing a blog entry by the teachers was also interrelated with the teachers’ 
collaborative group-based knowledge-building tasks (r = 0.571).  These findings 
indicate, that in all the different LKB practices, the LKB framework suggested they had 
significant mutual correlations, allowing the community members to benefit from the 
mutual synergy between LKB practices in different SECI phases. The possible causal 
relationships among different LKB practices of the framework are discussed in the 
subsection below. 

Scaffolding LKB in the Extended Professional Community 
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One of the research interests was to explain how different community members in the 
extended professional community – the teachers and the domain experts – could 
influence their peers’ LKB. The correlation analyses (see Table 1) that do not allow 
detecting causal relations indicated that several teachers’ and domain-experts’ LKB 
practices in different SECI phases were correlated. For example, teachers’ socialization 
activities were related to the domain experts’ socialization (r = 0.750) and combination 
activities (r = 0.520). It may presumed that if a teacher socialized in the forum with 
community members, the domain expert also performed social communications, or, 
alternatively, proposed some of the discussion threads to prompt teachers’ collaborative 
knowledge building in the forum. Teachers’ viewing of blogs and forum entries were 
correlated with the domain expert’s commenting on the teachers’ blogs (r = 0.822) and 
the domain experts’ socialization activities (r = 0.641). The domain experts’ viewing of 
blog and forum entries was correlated with the teachers’ writing a blog entry (r = 
0.626), indicating that domain experts monitored community members’ contributions. 
Teachers’ blog entries were interrelated with domain experts’ comments (r = 0.898). 
Teachers’ blog entries were also interrelated with the domain experts’ socialization in 
the forum (r = 0.663). Also domain experts’ “views” of blogs and forum posts were 
correlated with teachers’ socialization (r = 0.607) or combination-related (r = 0.888) 
discussions in the forum and domain experts’ socialization in the forum (r = 0.791). 
Teachers’ and domain experts’ comments in the weblog were interrelated (r = 0.691), 
suggesting that these scaffolding actions may be mutually induced.  

An assumption can be made from the results of the correlation analysis that teachers 
monitored each other in different SECI phases, and this might have prompted their LKB 
practices. Also, it was found that the domain experts in the extended professional 
community were closely monitoring teachers’ LKB practices and providing scaffolding 
as well as trying to prompt teachers’ to participate in different LKB practices. A 
correlation appeared between scaffolding activities (comments) of teachers and domain 
experts. It was assumed that the domain experts’ comments might have also encouraged 
teachers to support their peers.  

In order to validate some of these assumptions that were made based on the correlation 
analysis results, and systematically interpret the interrelations between LKB practices 
and scaffolding in a professional community, the authors investigated the causal 
dependencies between the indicators using the B-course1 analysis toolkit and Bayesian 
modelling (see Figure 3). Such a naïve dependency model can be used to explain how 
different activities might be causally interrelated and be influencing the community 
members’ LKB. However, the naïve model considers dependencies as if no other 
variables had influence on the system. Therefore, these results may lose some of their 
explanatory power, since in a social system there are always some aspects that are not 
measured. 

                                                
1  http://b-course.cs.helsinki.fi 
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Figure 3.     Naive Bayesian dependency model for LKB practices. 

 

The dependency model (see Figure 3) revealed the following causal interrelations (the 
abbreviations used are explained in the Data Collection and Analysis section).  The 
domain experts’ comments had no direct influence on prompting teachers’ entries in the 
blog. The domain experts’ comments (E(Comment)O) on the teachers’ weblog entries 
caused the teachers to comment (E(Comment)T) on the weblogs. This may indicate that 
domain experts do not influence teachers’ LKB practices directly, but they encourage 
community members to comment on their peers, and that the commentary influences 
them to write blog entries. The domain experts had more direct influence on the 
teachers’ knowledge building in the combination phase. Teachers’ combination 
activities (C_T) were dependent on domain experts’ combination activities (C_O) in the 
forum. The teachers’ blog entries were induced by several other teachers’ LKB 
practices,for example, the teachers’ socialization and combination activities in the 
forum. Teachers’ combination activities (C_T) were also dependent on teachers’ 
socialization activities (S_T) and teachers’ comments (E(Comment)_T) in the weblog. It 
can be assumed that teachers’ socialization and comments in the weblog may prompt 
teachers to perform the knowledge building practices in the combination phase. 
However, there was no direct causal influence, neither between teachers’ knowledge 
building in the combination phase and their reflections in the blog nor vice versa. Note 
that in the correlation analysis, a weak correlation was found between teachers’ 
knowledge building in the combination phase and individual reflections in their blogs in 
the externalization phase. 

The dependency model demonstrated how the LKB practices might be interrelated and 
supportive of each other and facilitate their validation in the LKB framework application 
in the professional community. The authors particularly found that the domain experts 
may have more direct influence on the combination activities in the forum, and they 
could indirectly influence teachers to comment on their peers’ reflections in their blogs, 
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which in turn might prompt individual reflections in the weblog. However, these results 
do not allow the assumption that domain experts and teachers would take similar roles 
in a naturally occurring professional community. There were some differences between 
the correlation analysis results and the dependency model; testing the probability of 
causal dependencies between different LKB practices, as part of the system in this 
specific naïve dependency model, did not support certain correlations that were found. 
In general, the results of the naïve dependency model may be considered as one of the 
more probable variants in how LKB practices might be dependent on each other. 

 

Discussion 

This section discusses how the socio-technical system can promote LKB (see Figure 3). 
Previously, Herrmann (2009) and Mandl and Fisher and Weinberger (2002) noted that 
the sharing of individual knowledge and collaborating on group knowledge as well as 
scaffolding to provide feedback for learning and promoting collaboration are all 
important in the socio-technical systems. The present study broadens the knowledge of 
how different learning and knowledge building practices and scaffolding might be 
interrelated in the extended professional e-portfolio communities. Using the example of 
a teachers’ professional community, a description is provided to explain how a socio-
technical system works systemically and to illustrate the purpose of different types of 
LKB practices and scaffolding. 

Data based on the analysis of the log-files demonstrated how teachers’ contributions are 
influenced by the contributions of the other members in the system. It was found in 
particular that the domain experts may have more direct influence on knowledge 
building in the forum, and they could indirectly influence teachers to comment on their 
peers’ reflections in blogs that in turn might prompt individual reflections in the weblog. 
These findings are similar to those in the study of Pata et al. (2006). They found that in 
the context of the student-tutor chatting in a synchronous environment, the influence 
that comes from peers who perform similar scaffolding acts as tutors might promote 
their peers’ productive actions more than direct tutor-scaffolding. The peers’ scaffolding 
in that study was promoted by the tutors’ scaffolding activities, which is similar to the 
results found in the present study.  
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Figure 4.     The LKB framework in the socio-technical system for teachers’ professional 
development. 

 

The synergy between different LKB practices has been described in the results in the 
Results section. The results of the analysis of the log-files indicated that LKB practices 
for socialization, externalization, combination, and internalization are systemically 
intertwined and influence each other. Based on the collected data, the LKB framework 
highlights scaffolding elements that influence teachers’ LKB. The current study 
distinguished two thoroughly intertwined scaffolding dimensions, social and 
technological, as was proposed by Pea (2004). Without community members the socio-
technical system could not function (Lytras & Pouloudi, 2006). Interactions of 
individuals in the system and their contributions to the community knowledge 
resources are important for the socio-technical system. With their LKB practices, 
individuals create the dynamic flow of knowledge within the system between individual 
and organizational knowledge (Nonaka & Takeuchi, 1995), enabling peer-scaffolding 
and socio-embedded scaffolds for other community members. Through the LKB 
practices in the socio-technical system, the knowledge of teachers is created, combined, 
shared, stored, and accumulated. Knowledge accumulation as a socio-embedded 
scaffold is supported by different functionalities like weblog, forum, and learning 
resources. Accumulated knowledge becomes available to community members for 
learning or for knowledge-building purposes. Individual knowledge is combined and 
evolves into community-level knowledge (Weber, Schoefegger, Ley, Lindstaedt, 
Bimrose, Brown, et al., 2009) and can be used, for example, in teacher training, when 
preparing in-service courses, redesigning curricula, or restructuring qualification 
systems. Community members’ different types of LKB practices with community tools 
may provide different type of scaffolding. This study indicated that domain-experts’ 
interactions directly influence teachers’ knowledge building practices in the forum. 
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However, the teachers’ reflections in weblogs were more directly influenced by other 
teachers’ comments in the blogs, rather than by the domain-experts’ comments.  

 

Conclusion 

This study proposed how the technologically supported LKB practices in an extended 
professional community may be promoted by scaffolding. The study highlighted the 
importance of two types of scaffolding for facilitating LKB in the socio-technical system: 
(a) one performed by the peers and (b) one that appears as an accumulation of the 
community-generated knowledge and sharing it in the socio-technical system. Teachers’ 
LKB should focus on the interactions between community members as scaffolds and 
emphasize the opportunities that technology provides, such as scaffolds for storing, 
reusing and sharing reflections, and organizing knowledge-building practices. These 
observations, which show how two types of scaffolding influence a teachers’ LKB, 
reiterate similar findings from previous studies of online communities (Pea, 2004; 
Lytras & Pouloudi, 2006; Pata et al., 2006). It is nevertheless worth considering that the 
current study revealed peer-scaffolding across different types of peers in the extended 
professional community; teachers placed a greater value on it and were more influenced 
by the scaffolding that came from the other teachers, not from the domain experts. The 
current study indicated that in the case where a teacher’s workplace learning is informal 
but they are expected to analyse their professional development and share their 
experiences, the support from similar peers is more valuable. This study assumes that 
scaffolds for LKB in a socio-technical system are intertwined because without 
technology or with a lack of human resources, teachers’ LKB may not be promoted.  

The extended professional community in the socio-technical system was studied during 
an in-service course, which did not reflect the spontaneous and authentic setting of a 
professional community of teachers. According to the course goals, the domain experts 
purposefully encouraged LKB practices of teachers, initiating the knowledge-building 
discussions, preparing some LKB tasks, and commenting on their reflections in the 
blogs. Such a training-community setting might not directly replicate an extended 
community where all the members – the domain experts as well as teachers –  
participate without external motivation.  
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KOKKUVÕTE 

Õppimise ja teadmusloome praktikad õpetaja professionaalses 
arengus laiendatud professionaalses kogukonnas 
Doktoritöö põhifookuses on õpetaja õppimise ja teadmusloome praktikate 
rakendamine laiendatud professionaalses kogukonnas. Doktoritöö raames 
kirjeldatakse uurimuse raames disainitud ja evalveeritud õppimise ja teadmusloome 
raamistikku ja sellega seotud tehnilisi stsenaariumeid ning rakendamise mudelit.  

Sandholtz (2002) on väitnud, et õpetaja professionaalne areng keskendub liigselt 
formaalsele õppele ning kursustel osalemistele. Samas võiks aga õpetaja 
professionaalne areng keskenduma enesejuhitavale õppimisele, mis leiab aset 
planeerides, reflekteerides ja jagades õppimise kogemusi (Mushayikwa & Lubben, 
2009) ja koostöös õppides (Boyle, White & Boyle, 2004). Käesolevas doktoritöös 
käsitletakse õppimise ja teadmusloome praktikaid kui osa õpetaja professionaalsest 
arengust. Bereiter & Scardamalia (2003) on defineerinud teadmusloome kui uute 
teadmiste loomise protsess nii üksi kui ka koos kaaslastega ning selle tulemusi 
jagatakse teistega ja saadakse tagasisidet. Sellest tulenevalt teadmusloome 
kogukond toetab diskussioone kogukonna liikmete vahel eesmärgiga kollektiivselt 
luua ja arendada liikmete teadmust, samal ajal toetades liikmete professionaalset 
arengut eesmärgiga kasvatada eksperte kogukonna eesmärgist lähtuvalt. Lisaks 
koostööle ja kogukonnale on oluline ka keskenduda õppimisele nii indiviidi kui ka 
kogukonna tasandil. Õppimine toimub Harri-Augstein & Thomas (1991) sõnul, kui 
leiab aset oluline muutus organisatsioonides, kogukondades või mõtteviisides 
midagi tajudes või sooritades. Doktoritöö eeldab, et teadmusloome ja õppimine 
panustavad kogukonna teadmuse loomisesse ja arendamisesse, mis on kogukonna 
liikmetele kättesaadav õppimise eesmärgil. Sellisel moel on võimalik toetada 
õppimist kogukonnas ja kogukonna õppimist. Ühel juhul õpib kogukonna liige 
kogukonna liikmetelt ja kogukonna ühisest teadmusest ning teisel juhul õpib 
kogukond indiviidide professionaalsest teadmusest. Seetõttu eeldab doktoritöö, et 
õpetaja õppimine ja teadmusloome peaks olema praktiseeritud kogukonnas, kuid 
kogukonnad peaksid olema laiendatud kooli-ülikooli koostöös, antud töös 
nimetatud laiendatud professionaalseks kogukonnaks. Mitmed autorid (Goodland, 
1993; Villegas-Reimers, 2003) on leidnud, et kooli-ülikooli partnerlus toetab 
esmaõppe arengut ning parandab koostöösuhteid organisatsiooniüleselt. Lisaks 
leiab antud doktoritöö, et kui koostöö toimub kogukondade üleselt, leiab aset ka 
organisatsiooni teadmuse dünaamiline areng, millesse panustavad teoreetikud, 
praktikud ja didaktikud.  

Doktoritöö lähtub mõistest sotsio-tehniline süsteem, mis toetab indiviidi ja 
kogukonna õppimist. Sotsio-tehnilise süsteemina on doktoritöös kasutusel 
portfoolio-põhises kogukonnas. Barrett (2005) on defineerinud e-portfoolio kui 
elektrooniliste vahendite konteineri, mis võimaldab koguda ja hallata erinevaid 
materjale ning siduda neid eesmärkide ja tulemustega. Samas omab refleksioon e-
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portfoolios olulist kohta, et konteineri sisu oleks mõtestatud. Indiviidide poolt 
loodud teadmus on avalik, leitav ning õppimise ja teadmusloome ning diskussiooni 
objektideks. 

Doktoritöös väidetakse, et süstseemseks õppimise ja teadmusloome praktikate 
rakendamiseks on vajalik toetuda mõnele süsteemimudelile. Selleks on doktoritöös 
kasutusel Nonaka & Takeuchi (1995) poolt pakutud teadmusloome SECI mudel, 
mis käsitleb teadmust indiviidi ja organisatsiooni tasandil. Mudeli kohaselt on 
teadmusloome pidev protsess, mille järgi teadmus läbib neli etappi: 
sotsialiseerimine, eksternaliseerimine, kombineerimine, internaliseerimine (SECI). 
Teadmus jaguneb selle mudeli kohaselt siseteadmuseks ja ilmutatud teadmuseks. 
Ilmutatud teadmust väljendavad formaalsed dokumentatsioonid ning seda tüüpi 
teadmust saab salvestada ja edastada. Siseteadmus on aga isikule omane, tema sees 
ning tehnoloogiliselt keeruline edastada. Nonaka & Takeuchi vaatasid mudelit küll 
peamiselt õppiva organisatsiooni võtmes, mistõttu ei pööranud nad tähelepanu 
üksikisiku enesejuhitavale pädevushaldusele, refleksioonile ja arengu 
planeerimisele. Seepärast ongi loodud õppimise ja teadmusloome mudel SECI 
tegevusi laiendanud nimetatud aspektidega, mil õpetaja läbi nelja faasi sooritab 
laiendatud kogukonnas järgmisi tegevusi:  

Sotsialiseerumine – õpetaja kannab oma siseteadmuse üle kaaslasele või kolleegile. 
Oluline on õpetaja osalemine kogukonna töös ning kogukonna panustamine 
teadmusloome protsessi; 

Eksternaliseerimine – sotsialiseerumise faasis loodud siseteadmus muutub teistele 
kogukonna liikmetele ilmutatud teadmuseks. Kogukonna liikmed avalikustavad 
kogukonna sees oma teadmust, näiteks loodud tunnikavasid või refleksioone 
laiendatud kogukonna liikmetele; 

Kombineerimine – liikmed töötavad koos ilmutatud teadmusega seda sünteesides, 
süstematiseerides ja parandades. Näiteks võivad kogukonna liikmed välja töötada 
õppematerjale või teha parandusettepanekuid kutsestandardisse või õppekavasse; 

Internaliseerimine – õpetaja professionaalse tegevuse peamiselt individuaalne 
planeerimise ja õppimise protsess, kus kogukonna liige võtab kogukonna ilmutatud 
teadmuse ja muudab selle tagasi sisendteadmiseks. Selles faasis peaks õpetaja 
reflekteerima oma professionaalse tegevuse üle, planeerima pädevuste arendamist, 
võttes aluseks näiteks õpetaja kutsestandardi, lisaks peaks õpetaja vaatama teiste 
õpetajate refleksioone, õppematerjale ja pädevushaldust ning sellest tulenevalt oma 
arengut kavandama. 

Seega antud doktoritöö on uuenduslik, kuna uurib õpetaja tehnoloogiliselt toetatud 
süsteemset õppimise ja teadmusloome praktikaid, mis on omavahel seotud ja mis 
mõjutavad õpetaja professionaalset arengut. Laiendatud professionaalne kogukond 
portfoolio-põhises süteemis annab võimaluse keskenduda üheaegselt nii indiviidi 
kui ka organisatsiooni teadmuse käsitlemisele. Uurimistöö eesmärk oli välja töötada 
ning valideerida tehnoloogiliselt toetatud õppimise ja teadmusloome raamistik 
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laiendatud professionaalse kogukonna jaoks. Selleks otsis doktoritöö vastuseid 
järgmistele uurimisküsimustele: 

1. Millised praegused õppimise ja teadmusloome praktikad ja barjäärid on 
võimalik tuvastada, mis takistavad õpetaja professionaalset arengut? 

2. Milliseid tehnoloogiliselt toetatud õppimise ja teadmusloome stsenaariumeid 
saab kasutada õpetajate laiendatud professionaalses kogukonnas, et toetada 
õppimise ja teadmusloome praktikaid lähtudes raamistikku, mis järgib 
laiendatud SECI mudelit? 

3. Millised aspektid mõjutavad tehnoloogiliselt toetatud LKB raamistiku 
rakendamist õpetaja koolituse kontekstis indiviidi ja kogukonna tasandil? 

4. Kuidas õppimise ja teadmusloome praktikad laiendatud professionaalses 
kogukonnas toetavad õpetaja professionaalset arengut? 

 

Selleks, et leida vastused uurimisküsimustele ning saavutada eesmärgid, viidi läbi 
disainipõhine tsükliline uurimus. Disainipõhine uurimus on metodoloogia 
mõistmaks, kuidas, millal ja miks haridusalased innovatsioonid praktikas töötavad 
(Design-based Research Collective, 2003). Disainipõhine uurimus on mitme-
etapiline, mille eesmärk on välja tulla uute teooriate või raamistikega. Doktoritöö 
andmeid koguti erinevate kvalitatiivsete ja kvantitatiivsete meetoditega (õpetajate 
kirjalike refleksioonide analüüsimine, fookus-rühma intervjuud, küsimustik, ning 
süsteemi logi-informatsiooni analüüsimine).  

 

Doktoritöö põhitulemused olid järgmised: 

 Õpetajate praegused õppimise ja teadmusloome praktikate sooritamised on 
negatiivselt mõjutatud organisatsioonipoolse toe puudumisest, madalatest 
tehnoloogilistest pädevustest ning ajapuudusest; 

 Õpetajad leidsid, et reflekteerimine ja pädevuste kaardistamine ning 
analüüsimine aitas neil vaadata oma arengut tervikuna ning mõista nõrku kohti 
arengus; 

 Õpetajate õppimise ja teadmusloome praktikad laiendatud professionaalses 
kogukonnas on mõjutatud kogukonna aktiivsusest (peer scaffolding), eelkõige 
mõjutab õpetajaid kaaslaste panustamine, seejärel juhendajate toetus; 

 Kaaslaste refleksioonide lugemine mõjus õpetajatele inspireerivalt ning 
julgustavalt ka oma refleksioonide jagamisele kogukonnas; 

 Süsteemi poolt salvestatud teadmus (dynamically accumulated scaffolding) 
hinnati toetavaks, kuna seeläbi oli võimalik õpetajatel õppida organisatsiooni 
liikmete poolt loodud ühisest teadmusest; 
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 Õppimise ja teadmusloome praktikate rakendamiseks on vaja rakendamise 
mudelit, mis hõlmab endas kolme etappi: a) ettevalmistuse faas; b) 
käimalükkamise faas ning c) rakendamise mõju hindamise faas; 

 Õppimise ja teadmusloome praktika rakendamist õpetajakoolituses pidurdab 
organisatsioonikultuur, mis ei toeta veel teadmuse jagamist ja üheskoos loomist 
tehnoloogia toel. 
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