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ABSTRACT
Members in online communities of practice (CoPs) take advantage of information and
communication technologies (ICTs) to exchange practical or work-related knowledge in
asynchronous online environments. Practical knowledge represents individuals’ mental
models allowing them to interact with the environment and perform tasks. With ICTs,
practical knowledge accumulates over time and becomes an integral part of online CoPs.
Due to ease of implementation, content management systems (CMSs) and social media

platforms, primarily Facebook, have enabled the emergence of large online CoPs.

However, research has shown that online CoPs are not conducive information spaces for
seeking solutions independently, and hashtags used for topic organization are not
representative of the wealth of practical knowledge. This three-article dissertation
describes design recommendations for supporting the information needs of community
members by analyzing the practical knowledge in instructional design and technology
(IDT) that rely on a CMS and the Facebook platform and conducting usability testing to

improve an existing teacher professional development CoP.

By applying natural language processing (NLP) and usability testing, quantitative and
qualitative approaches were implemented to examine the practical knowledge and help
guide the design of information spaces that enable members to search for solutions
through better topic representations or categories. The results of the first study showed
that the e-learning development CoP emphasized producing online articles related to
educational technology and the lack of transparency in evaluating such materials. The
results of the second study showed that the four IDT CoPs on the Facebook platform

were characterized by the lack of effective topic structures representative of the

vil



accumulated knowledge and the lack of community protocols for curating knowledge and
taking corrective actions toward misinformation. The third study relied on usability
testing to design an information space to support educators’ ability to align materials with

Missouri teacher standards.

This three-article dissertation suggests five design features that online CoPs can
implement in addressing the shortcomings of asynchronous online environments,
including (1) improving topic organization, (2) establishing community protocols, (3)
increasing transparency, (4) improving search functions, and (5) leveraging NLP in future
web technologies. Lastly, the dissertation discussed the results of the three published
studies, offered recommendations for improving online CoPs as conducive information

spaces, and provided future directions.

Keywords: Communities of practice; natural language processing; teacher professional

development; instructional design and technology
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Chapter 1: Introduction

Information and communication technologies (ICTs) provide boundless
mechanisms for formal and informal engagement in synchronous and asynchronous
online environments. ICTs are various tools and resources that store, create, share, and
exchange information (Usun, 2009). The implementation of ICTs is diverse in different
industries, including content management systems (CMSs), learning management
systems (LMS), collaboration and communication tools, and social networking sites.
Zuppo (2012) argued that ICTs impact the economic, education, business, and
professional development sectors. ICTs in the economic sector, for example, provide
governmental agencies and organizations with the ability to participate in the digital
economy and connect with the rest of the world. In the education sector, ICTs enhance
teaching, expand learning opportunities, improve curricula, promote access to education
for marginalized groups, and enhance individuals’ employability and skills. ICTs are a
pivotal element in the business sector that allows for information processing and
communication among public and private entities. Regarding the professional
development sector, ICTs allow collaborations between scholars and industry
practitioners to outline competencies and skills across different industries.

With the rise of ICTs using Web 2.0 technologies since 2004, individuals can
quickly form online communities of practice (CoPs) using asynchronous and
synchronous online environments to support sharing tacit or practical knowledge using
CMSs and social media networking sites (Onday, 2019). CoPs are groups of people who
engage in collective learning in a shared domain (Wenger, 2011). A few examples of

CoPs using asynchronous online environments are open-source CMSs (e.g., Joomla and



Drupal) and social media networking sites (Facebook, Twitter, Reddit, LinkedIn) that
facilitate the creation and dissemination of practical knowledge. Wagner and Sternberg
(1985) defined tacit knowledge as work-related practical knowledge learned informally
through experience on the job concerned with knowing how instead of knowing what. Al-
Qdah and Salim (2013) suggested that categories of tacit knowledge are based on levels
of articulation, including tacit knowledge that can either be fully or partially articulated or
deeply ingrained. Abidi et al. (2005) divided tacit knowledge into basic and complex
categories. Basic tacit knowledge is conveyed by casual conversations and questions and
becomes articulated or explicit knowledge, whereas complex tacit knowledge is deeply
embedded in experts’ minds. Collins (2010) further argued that tacit knowledge could be
categorized into relational, somatic, and collective tacit knowledge. Relational tacit
knowledge is the type of knowledge subject to interpersonal interactions. Somatic tacit
knowledge consists of inherently embodied knowledge and is limited to physical
movements (e.g., maintaining balance while riding a bike). Collective tacit knowledge
refers to the knowledge that is ingrained in society’s cultural norms. Collins suggested
that relational and somatic tacit knowledge can be codified or articulated, whereas
collective tacit knowledge is context-dependent and cannot be codified.
Problem Statement

ICTs are currently built on Web 2.0 technologies emphasizing the creation and
distribution of content (Onday, 2019). ICTs have allowed the accumulation of practical
knowledge in online CoPs as the byproduct of members’ interactions. Erickson and
Kellogg (2000) argued that knowledge production is deeply entwined with the dynamic

nature of online CoPs as community members co-produce, share, and discover



knowledge. Furthermore, the accumulated practical knowledge is deemed an
organizational asset and represents the organizational knowledge capital in online CoPs.
However, previous studies have documented the navigation challenges that community
members face when accessing the accumulated practical knowledge in online CoPs.
While the organization of tacit knowledge is critical in online CoPs, organized tacit
knowledge can become a critical asset that improves individuals’ quality of work,
decision-making, and performance accuracy (Brockman & Anthony, 2002; Suppiah &
Sandhu, 2011). When effective mechanisms are implemented to organize the wealth of
tacit knowledge, individuals are better positioned to have more rich professional
experiences as they improve their cognitive abilities, somatic skills, and mental and
physical perceptions. (Kabir, 2013; Kogut & Zander, 1992).

Although ICTs play a critical role in supporting the creation and distribution of
practical knowledge, online CoPs have inefficient organizational schemes that
mismanage the accumulated practical knowledge with little or no alignment to
professional competencies. The lack of organizational schemes affects community
members’ ability to search for solutions independently, allowing for professional
advancement from content- and contextual-based organizational perspectives. First, the
literature has noted the usability issues in online CoPs’ lack of mechanisms for browsing
the accumulated practical knowledge from a content-based organizational perspective.
Second, online CoPs are not designed as information spaces that enrich the professional
advancement of community members by contextualizing tacit knowledge with

professional competencies.



Community member participation has been studied in five levels of social
network engagement in online CoPs, including identifying, lurking, contributing,
creating, and leading (Dawley, 2009). Although most community members consist of
“lurkers,” or those who exhibit peripheral participation and observe how members
interact and learn from information exchange, “lurkers” are likely to rely on the
organizational and search mechanisms to navigate the accumulated practical knowledge
in online CoPs without full participation (Marett & Joshi, 2009; Muljana et al., 2021;
Rafaeli et al., 2004). Although ICTs have enabled practitioners to develop online CoPs
out of shared practice and necessity, future technologies should support community
members’ information tasks through organizational schemes that allow for topic
categorization and evaluation of tacit knowledge based on professional competencies.
This dissertation explores the mechanisms to support the navigation and evaluation of the
accumulated practical knowledge ingrained in online CoPs as mental models and shared
beliefs, identities, and meanings.

Theoretical Foundations

The following literature review describes critical concepts to consider in the
context of the three-article dissertation. These concepts are related to CoPs, the role of
technology in sustaining communities, the extraction of tacit knowledge from codified
knowledge, and the theoretical framework for understanding knowledge creation and

sharing.

Communities of Practice

Wenger and Synder (2000) described CoPs as groups of people informally

gathered to share expertise in a specific domain or field as they interact regularly.



Zappavigna (2006) stated that CoPs hold collective meanings and processes of
acculturation where members internalize the group’s norms and implicit knowledge
structures. Wenger and Snyder (2000) asserted that members of a CoP engage in informal
interactions to enhance self-reflection.

While CoPs hold shared beliefs, identities, and meanings (Campos et al., 2011),
CoPs become successful when addressing the social, cultural, and organizational issues
rather than the technical aspects of collaboration. According to Lave and Wenger (2001),
thriving CoPs are characterized by time and space (presence and visibility, and rhythm),
participation (variety of interactions and efficiency of involvement), value creation
(short-term value and long-term value), connections (connection to the world), identity
(personal identity and community identity), community membership (belonging and
relationships, and complex boundaries), and community development (evolution and
active community-building).

In terms of time and space, CoPs need a presence, visibility among members, and
rhythm that affirms shared values and meaning through events and rituals. Thriving CoPs
should provide a variety of interactions that allow all members to participate. In value
creation, CoPs provide short-term value to members’ organizational contexts and long-
term value to the long-term development of members’ knowledge. Another way to
provide value is to connect with larger communities that align with their shared domain
and practice. In addition, members have personal and communal identities that define
them as competent practitioners and collaborators in their respective communities.
Community members’ interactions and trust among colleagues are valued at different

community levels. Also, Wenger (2011) noted that CoPs could have complex boundaries



where members could create sub-communities with particular aspects of shared practice.
As CoPs evolve into mature and active collaborative environments, CoPs rely on making
new connections, and members take on more responsibility to further develop
communities.

Life Cycle of Communities of Practice

Brown and Duguid (1991) stated that knowledge creation in CoPs is characterized
by three elements, including narration, collaboration, and social constructivism. In the
first element, the narrative identifies problems in practice and seeks possible solutions
from existing knowledge repositories. The second element is collaboration, in which
community members engage in the exchange of knowledge. In the third element of social
constructivism, members of a CoP develop a shared repertoire for solving problems.

Wenger (1998) outlined the lifecycle process of CoPs in five stages, including
potential, coalescing, maturing, active, and dispersed. Throughout the stages, individuals
face similar problems and find an emerging point for forming CoPs. As CoPs mature,
CoPs set standards, structures, and relationships among members, creating an
environment for shared practice and knowledge creation. However, when CoPs are no
longer active, CoPs become a knowledge repository. Ray (2006) argued that CoPs
contain the intellectual capital of collective human intelligence. Even if members of CoPs
are no longer active, knowledge cannot cease to exist.

Sustaining Practice in Communities of Practice

CoPs thrive when community leaders are engaged in a balanced approach in all
three dimensions (i.e., domain, community, and practice) (Stuckey & Smith, 2004;

Wenger et al., 2002). Campos et al. (2011) stated that CoPs are operational and practical



instruments for knowledge development to support the intellectual development of the
CoP. Also, knowledge development is characterized by intangible processes of
transference and exchange among community members. CoPs require three essential
elements to support knowledge development, including technology, organizational
culture, and management model (Campos et al., 2011). Technology is a necessary
element to support the operational aspects of knowledge development. The organizational
culture establishes an online CoP’s identity, codes of conduct, incentives, and
recognition. The management plan identifies the processes of knowledge development,
roles of actors, and types of knowledge shared or created.

Fung-Kee-Fung et al. (2011) suggested that a critical aspect of sustaining CoPs is
social facilitation that encourages a collaborative environment. The authors proposed
documenting social facilitation processes under four categories, including innovation,
knowledge transfer, social capital, and organizational memory. Innovation occurs when
community members generate ideas to solve shared issues. Knowledge transfer refers to
converting explicit to tacit knowledge (i.e., internalization process in SECI), where
members incorporate explicit knowledge into their practice. The SECI model explains
four knowledge dimensions (i.e., Socialization, Externalization, Combination, and
Internalization) where tacit or practical knowledge is converted into explicit or codified
knowledge (Nonaka & Takeuchi, 1995). Social capital is defined as the rules and norms
for shared practice (e.g., professional development events and networking events) and
how members solve problems collaboratively. Organizational memory refers to the
accumulated collective knowledge of a CoP to solve shared issues and their solutions

based on collective knowledge.



Communities of Practice and Other Types of Communities

Sanz and Pérez-Montoro (2011) argued that CoPs are often confused with other
types of communities (e.g., learning communities or communities of interest) and
organizational-related communities or structures (e.g., working teams, formal and
informal communities). The consensus is that CoPs are individuals who live under
similar circumstances and rules, whereas groups and teams are bound to provide specific
research or service. CoPs are also confused with learning communities and communities
of interest. Learning communities are the contexts in which students are brought together
to learn through participation and involvement. Communities of interest are individuals
who share a common interest or passion unrelated to professional practice. CoPs possess
two characteristics related to cohesion and time limitation or duration of the group. First,
members share their professional practice with colleagues and benefit from the expertise
of others. Second, members remain part of the CoP because of their interest and
commitment to sharing professional practice. Membership in other organizational
structures (e.g., learning communities, communities of interest, and formal and informal
and formal groups) ends when learning objectives, interests, or solutions are attained. In

contrast, membership in CoP continues due to ongoing shared practice.

Technology to Sustain Communities of Practice

With the evolution of web technologies, online CoPs can increase their presence
beyond geographic boundaries, allowing community members to participate in shared
spaces for knowledge creation and transfer. In the early days of web technologies, Web
1.0, also known as the web of reports, was originated by Tim Berners-Lee in late 1989.

Organizations can only read static data for reporting purposes on HTML pages (Berners-



Lee, 1996; Onday, 2019). With the inception of Web 2.0 in 2004, web technologies allow
individuals to create and distribute content. Examples of Web 2.0 platforms are social
networking sites (e.g., Facebook, LinkedIn), blog platforms (e.g., Blogger, Reddit,
WordPress), CMSs (e.g., Drupal, Joomla, Canvas, Blackboard), LMSs (e.g., Canvas,
BrightSpace, Blackboard) and photo and video platforms (e.g., Instagram, YouTube) that
rely on web technologies, including Ajax, JavaScript, Cascading Style Sheets (CSS),
Document Object Model (DOM), Extensible HTML (XHTML), and XSL
Transformations (XSLT)/XML. Web 3.0, also known as the semantic web, was the third
era in 2006 and attempted to connect, coordinate, and ensure the quality of multiple data
sources to create new data streams. The future of the web is considered an ultra-
intelligent agent (Web 4.0) and combination web (Web 5.0), where web technologies can
create analytical insights and oversee extensive server data with flexible designs. While
online CoPs depend on web technologies to provide shared spaces of collaboration, their
knowledge creation and sharing will partly depend on how web technologies are
implemented with effective information architectures (IAs). While Web 2.0 technologies
have enabled the accumulation of practical knowledge due to community members’
interactions, an analysis of the accumulated practical knowledge through natural
language processing (NLP) is a foundational step in establishing [As or topic structures
representative of online CoPs.

Online CoPs act as integrated information spaces where community members can
access information in multiple ways (e.g., desktops, tablets, and smartphones) (Ding &
Lin, 2009). As information spaces, the design of online CoPs can either facilitate or

hinder users’ ability to create, share, and reuse practical knowledge. Studies in



information systems aim to analyze the dissemination of knowledge within and among
online CoPs by understanding the boundary objects and interactions that enable
knowledge transfer. Wenger (1998, 2011) described boundary objects as repositories or
artifacts that facilitate articulating knowledge and have recognizable meanings within a
CoP. These boundary objects are syntactic, semantic, and pragmatic (e.g., documents,
forms, models, maps) that facilitate transforming knowledge (Carlile, 2002). Wenger also
highlighted the concept of boundary interactions, where members connect to exchange
knowledge.

Oyarzun et al. (2011) argued that Web 2.0 provides advantages and disadvantages
to online CoPs. First, community members can access online CoPs anytime, but their
motivations or reasons for accessing resources vary over time. Second, community
members with different expertise and knowledge can contribute to new ways of solving
problems. However, the lack of face-to-face communication can contribute to social
isolation. Third, online CoPs deployed on Web 2.0 technologies are scalable and cost-
effective, but the technology is not always user-friendly and may prevent members from
participating. Carlén et al. (2004) acknowledged that online CoPs are extensions of
traditional communities, and Web 2.0 tools act as support for activities.

Even though Web 2.0 is a critical component of online CoPs, Seufert et al. (2002)
proposed a reference model for designing online CoPs that focuses on collaborative
learning by examining three frames, including actors, activities, and tools. First, the
actors are the participants and non-participants in the community. Based on the level of
engagement and expertise, actors can be main characters (e.g., students who take direct

participation, managers (e.g., facilitators and creators of the CoP), and stakeholders (e.g.,
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stakeholders who are indirectly involved in activities). Second, activities reflect the
community activities that take place both purposely and unplanned. Activities can be
further categorized as initiation and governance, access, and membership. The first type
of activity refers to the rules, norms, and educational outcomes of the CoP. The second
type is initiation, where members get acquainted with one another through socialization.
The third activity is membership, in which members focus their interactions on sharing,
exchanging, and transforming knowledge. Lastly, the tools frame supports actors and the
different types of activities. When using the reference model by Seufert et al. (2002),
Carlén et al. (2004) asserted that the three frames (i.e., actors, activities, and tools) are
interrelated and support each other. If changes to a frame are implemented, it will affect
the other two frames.

Furthermore, the first challenge in sustaining online CoPs is the withdrawal or
attrition of members (Haythornthwaite, 2000; Johnson, 2001). Mohamed et al. (2004)
argued that text representations in online CoPs tend to be unclear and require extensive
member participation to support ongoing discussions. The second challenge is the lack of
discoverability of knowledge. The lack of discoverability of knowledge prevents
members from making representations of social knowledge within the online CoP and

understanding how social knowledge is evolving.

Tacit Knowledge Sharing, Quantization, and Generation

Tacit knowledge is studied extensively across disciplines. Hao et al. (2016)
proposed a way to explore tacit knowledge in four research areas, including tacit
knowledge sharing (TKS), tacit knowledge quantization (TKQ), tacit knowledge

generation (TKG), and tacit knowledge engineering (TKE).
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TKS refers to the body of work in management science investigating influential
factors and mathematical models for sharing tacit knowledge among individuals within
an organization. The level of TKS depends on several factors that affect sharing of tacit
knowledge based on reported factors, including trust, conflict, culture, well-being, and
social relationships. While tacit knowledge is not studied and ignores its structure and
representation in TKS, studies in TKQ aim to extract and make readable representations
of tacit knowledge from artifacts and individuals. Studies in TKQ focus on three existing
methods, including expert location, knowledge extraction, and knowledge representation.
Expert location refers to the direct identification and measurement of experts’ knowledge.
In contrast, knowledge extraction and representation are indirect methods that rely on
computation methods for representing hidden patterns of tacit knowledge.

While the results of TKQ or the representations of tacit knowledge from artifacts,
the quantized results of TKQ are static, and their representations cannot be upgraded
during the generation of tacit knowledge. TKG is concerned with generating tacit
knowledge by designing the model-environment interaction using machine learning (ML)
models and algorithms to understand the storage and learning mechanisms of tacit
knowledge generation. TKE refers to the cognitive mechanisms of tacit and
computational models to support software systems in generating tacit knowledge. In
TKE, software systems emulate the cognitive cycle of intentional action, multisensory
perception, comparison of perception and goal, incorporation of comparison results, and
repetitions of previous steps.

In TKQ studies, NLP algorithms are implemented in the knowledge management

literature. These algorithms elicit, extract, and represent tacit knowledge from individuals
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and artifacts to create question-answering systems to support employees. For example,
Stone and Sawyer (2006) performed a latent semantic analysis (LSA) to extract the tacit
knowledge from stakeholders’ and experts’ elicitation records, such as interviews and
ethnographic reports, as part of pre-requirements tracing in software development.
Mohanan and Samuel (2016) applied open natural processing and semantic business
vocabulary and rules to generate user and software requirements and relationship
attributes among objects.

Satsansgi (2019) argued that workers’ insights and understanding of problems are
present in information systems that capture project updates. By summarizing the project
updates using the Natural Language ToolKit (NLTK) and other libraries for processing
textual data, tacit knowledge extraction is used to develop a predictive algorithm that
anticipates issues and solutions. Jackson et al. (2012) developed a question-answering
system for existing employees by extracting knowledge from previous experts and clients
from email communications using NLTK. Although unstructured data is the primary
source for discovering tacit knowledge from text artifacts, Chen and Saeedi (2004)
analyzed web server logs and text queries with a Bayesian probabilistic model to identify
the implicit navigation, search patterns, and short-term information needs of library users.

Dudek and Patalas-Maliszewska (2016) extracted tacit knowledge from explicit
knowledge from audio and video recordings in a manufacturing service department. The
Google Speech application programming interface (API) was used to transform audio and
video information for automatic speech recognition, object recognition, and NLP. The
authors modeled tacit knowledge structures using the vector representation from acquired

recordings. Kim and Chi (2019) developed models for retrieving critical information
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about construction accident cases and classifying the nature of the incident for safety
management. The authors extracted the semantic similarities found in accident reports in
two ways, including a rule-based method and ML. With a rule-based approach,
information is extracted from an established pattern, whereas in ML, the algorithm learns
the structure and extracts semantic relationships from the text.

NLP algorithms are also used to identify patterns in knowledge domains and
online CoPs. Wei et al. (2008) implemented multilingual document clustering and latent
semantic indexing (LSI) to create knowledge maps and patterns from organizational
records. Veremyev et al. (2019) explored word2vec embeddings and graph theory tools to
construct semantic networks that capture the context of words, semantic and syntactic
similarities, and object relationships found in the corpora of Google News and Amazon
reviews. McArthur and Bruza (2003) implemented LSA to represent the meaning of
words and their implicit associations in online CoPs. The authors argued that semantic
structures represented the tacit knowledge structures of the online CoP. Novak et al.
(2002) analyzed tacit knowledge structures in different online CoPs through various
visualization modules and a Support Vector Machine (SVM) to classify themes and
cluster similar content.

To sum up, NLP algorithms are widely used unsupervised to identify the patterns
in tacit knowledge from the codified language in documents and communication. While
LSI and LSA are widely implemented in studies, this three-article dissertation uses the
Latent Dirichlet Allocation (LDA) and NLTK to extract syntactic, semantic

characteristics for quantifying tacit knowledge. Also, LDA and NLTK are commonly
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used to develop APIs that process textual data to support the organization of tacit

knowledge.

Theoretical Framework

Research studies in the knowledge management literature examine tacit
knowledge extraction from explicit forms of knowledge in the workplace (e.g., online
platforms, documents, and e-mail communication). These studies are explored through
the SECI model, where knowledge is continuously created through Socialization,
Externalization, Combination, and Internalization (Nonaka & Takeuchi, 1995):

1. Tacit knowledge is created through socialization, and its tacitness is difficult to
codify into explicit knowledge.

2. Tacit knowledge is externalized or articulated in symbolic language for sharing
with other groups or individuals.

3. The combination step requires applying and reorganizing explicit knowledge.

4. When explicit knowledge is applied, individuals embody the knowledge as tacit
through action and reflection.

Nonaka and Takeuchi (1995) also elaborated on the concept of ba, or basho, as a
context for shared knowledge creation and relationship building between individuals
within organizations. Ba can be a physical, online, and mental shared space of interaction
(Meloni & Villa, 2007). Four types of ba exist to support each phase of knowledge
conversion. The first type is the originating ba, which supports the socialization processes
where individuals can share tacit knowledge with a deep interchange of experiences and
mindsets. The second type is the interacting or conversing ba that supports the

externalization process, where tacit knowledge is transformed into explicit knowledge
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and individuals exchange dialogue in verbal or written forms. The third type is the cyber
ba that supports the combination process where explicit knowledge can be organized and
disseminated through ICT solutions and facilitating group-to-group communications. The
fourth type is the exercising ba, which supports the internalization process where
individuals embody explicit knowledge by making it personal tacit knowledge and
enhancing the acquisition of new knowledge for self-refinement.

The concept of ba has been used in the research of CoPs in knowledge creation
and sharing situations (Cairns & Malloch, 2011; Makérdinen-Suni & Hong, 2011). Ba
and CoPs share similar characteristics, including bringing individuals with similar
interests, being willing to share knowledge and practices, and being part of a community
or shared space. Even though the concept of ba and CoPs share similar characteristics,
significant differences for ha include the creation of new knowledge in a fluid
environment with changing members, whereas, in CoPs, knowledge is embedded with
members within clear boundaries of interaction with a stable membership of individuals
(Mikérainen-Suni & Hong, 2011). Wenger and Synder (2000) described CoPs as groups
of people informally gathered to share expertise in a specific domain or field as they
interact regularly.

This three-article dissertation connects to the SECI model, where the knowledge
creation process in online CoPs operates under their established goals and depends on
their processes for sharing and creating knowledge using web technologies. The first
study aims to extract tacit knowledge from an e-learning news outlet called
elearningindustry.com. This site is one of the largest communities for producing and

sharing practical knowledge in instructional design and technology (IDT). IDT
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practitioners are invited to write online articles under multiple categories. The e-learning
news outlet CoP relies on a CMS platform where online articles are deployed under
different categories and approved by community administrators. The second study aims
to extract tacit knowledge from four public Facebook groups. Two online CoPs are
related to IDT, and the other two groups are related to e-learning authoring tools (e.g.,
Adobe Captivate and Articulate Storyline). Community members can ask for professional
advice, share new knowledge with others, and hold discussions about best practices and
issues in the domain of practice. Community posts and discussions do not require formal
approval by administrators. Community members can also exchange professional
knowledge through the group’s Facebook feed. The third study aims to redesign an online
teacher professional development platform, the EdHub Library, as an online information
space that allows educators to align professional development materials with Missouri
teacher standards. The EdHub Library is a knowledge repository in which experts’
knowledge is captured and translated into e-learning modules and activities. Self-paced
professional development materials are organized under multiple categories aligned to
Missouri teacher standards using HTML pages, sitemaps, and a search engine.
Rationale and Contribution

Schwier et al. (2004) studied the characteristics and challenges of IDT CoPs.
First, these CoPs are born of convenience rather than formal structures. When CoPs are
convenient to use, they are seen as being of greater value. Their findings suggested that
community members either succeed or fail in having meaningful conversations in

asynchronous online environments. Also, the authors pointed out that asynchronous
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online environments lack the mechanism for handling and filtering shared knowledge, or
social capital, of the group within the environment.

While NLP methodologies are widely used in the knowledge management
literature, NLP techniques showcased in this dissertation contribute to the fields of
information science and human-computer interaction (HCI) to further analyze the
knowledge creation and sharing capabilities of online CoPs and the interactions between
individuals and online environments (Taskin & Al, 2019). The need for NLP techniques
used in the first two studies stems from the lack of investigations of practical knowledge
generated in ICTs that holistically investigate the accumulated practical knowledge as the
byproduct of community members' interactions in online CoPs.

While HCI methodologies are traditionally used in examining various dimensions
of usability and making recommendations of organizational schemes and tools for
improving user experience, NLP techniques complement research efforts in other fields
by investigating the knowledge generated by users as a direct use case of how community
members use online environments. More specifically, the research contributions of the
application of topic modeling techniques on the accumulated practical knowledge provide
a critical foundation to uncover the additional use cases, personas, and organizational
schemes that emerge from the analysis of the accumulated practical knowledge. With the
advances in NLP, it is now possible to analyze large-scale textual datasets occasionally to
uncover emerging or declining themes in practical knowledge that provide additional
insights about the community members' discourse and codification of practical
knowledge (Scaccia & Scott, 2021). More importantly, the findings of the studies

contribute to developing next-generation ICTs with more robust functionality of tools and
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organizational schemes that enhance online CoPs' capabilities for creating, sharing, and
monitoring practical knowledge more effectively at the externalization and combination
stages of the SECI model.

The significance of the studies in this three-article dissertation involves generating
design recommendations for knowledge discovery in asynchronous online environments
in IDT CoPs and documenting online CoPs’ shared knowledge that builds the foundation
for developing taxonomies or classification schemes in future studies. More specifically,
the following studies provide an exploration of shared knowledge and practices in online
CoPs and fill a gap in the literature in the following manner:

e Study #1 E-Learning News Outlet CoP: This site has its A in seven news
categories. Though practitioners are invited to write for the CoP, it is not clear
how community administrators choose and verify the quality of the articles. While
the site’s structure helps organize its knowledge, additional structures within each
category are needed to facilitate practical knowledge and skills development.

e Study #2 IDT CoPs on Facebook: Members are not obligated to participate, and
the problem is that discovering existing knowledge within the online CoP is
challenging. Designing an online CoP as an online information space and
implementing curation practices should enhance community members’ ability to
find the answers independently and take a better inventory of their social capital.

e Study #3 EdHub Redesign: This paper is an example of designing an online
information space for a specific CoP in K-12 within the Network for Educator
Effectiveness (NEE) that aligns with the Missouri teacher standards. This study

contributes to the teacher education literature by implementing several
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mechanisms to support educators’ information needs in standards-based teacher

professional development.
Central Research Question

The following research question encapsulates the purpose and sequence of this
three-article dissertation: What design features in online information spaces enhance the
exchange of skills and knowledge among members of a community of practice?

The sequence of the papers describes the processes for taking inventory of shared
knowledge from CoPs that allows for the creation of mechanisms to represent and
visualize knowledge. Studies #1 and #2 describe NLP tasks for extracting topic structures
from codified knowledge found in platforms that use different IAs to organize their
practical knowledge. In study #1, the e-learning news outlet is structured into seven
major categories. The topic representations of each category allow for further exploration
within their existing structure. In study #2, CoPs using social media platforms (i.e.,
Facebook) do not have an IA that allows members to browse the available knowledge.
The topic representations of these public groups allow for a mechanism to locate specific
knowledge rather than rely on members’ responses in an asynchronous online
environment. Study #3 aims to improve the usability of an online teacher professional
CoP that allows educators to align professional development materials with Missouri
teacher standards regardless of experience in teacher professional development. Table 1
summarizes the overarching research question and the individual characteristics of each
CoP with the respective research questions.

Table 1.

Central Research Question and Sequence of Studies
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Central Research Question

What design features in online information spaces enhance the exchange of skills and
knowledge among members of a community of practice?

Study/CoP Audience Platform CoP Goal Research Questions
1. E-learning | Instructional | CMS Publishing RQ 1: What are the most
News Outlet | Designers and platform of | frequent words and word

E-Learning online sequences used in online
E-Learning Developers articles by communities?
Industry practitioners
related to RQ 2: What are the
workplace characteristics of
learning, sentiment, named entities,
online and relationships among
training, etc. | entities in online
communities?
2. Four Instmctional Facebook Exchange RQ 3: What latent topic
Public Designers and information | 1 otures exist in online
Facebook E-Learning and resources communities?
Groups Developers related to
IDT
Two
Instructional
Designer
Groups
Two
E-Learning
Groups
3. EdHub School Custom Provide RQ 1: In what ways can
Library administrators | HTML standards- users’ information needs
Redesign and teachers pages and | based be supported in locating
in NEE Cascading | professional [ standards-based teacher
EdHub Style development | professional development
Library NEE Sheets materials materials regardless of
(CSS) users’ experience in

teacher standards and
teacher professional
development?
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Methodological Foundations

This three-article dissertation uses quantitative and qualitative approaches to
examine the practical knowledge of online CoPs in IDT and design an interface that
supports the information needs of educators. The purpose of the three-article dissertation
1s to generate design recommendations to support online CoPs as information spaces that
enhance the creation, sharing, and evaluation of practical knowledge. In achieving this
purpose, the examination of practical knowledge in online CoPs is required to understand
the purpose, functions, and how community members produce and exchange practical
knowledge in CMS and social media platforms. The first study examined the practical
knowledge produced across seven news categories in e-learning development using a
CMS as the primary mechanism for producing and sharing practical knowledge. The
second study explored the practical knowledge of four online CoPs in IDT on the
Facebook platform. The third study examined the custom development of an information

space to support a CoP of educators in Missouri.

Differences Amongst Data, Information, and Knowledge

ICTs have allowed for data, information, and knowledge transfer in online CoPs
without geographical boundaries. Bergeron (2003) and Probst et al. (2000) provided vital
data, information, and knowledge definitions. Data is numerical quantities or attributes
from observation, experiment, or calculation. Information is data in a context where data
is collected to provide explanations and interpretations concerning a particular object or

event. Knowledge is information that is organized, synthesized, and summarized to
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enhance comprehension, awareness, or understanding. Knowledge contains truths,
beliefs, concepts, and perspectives about social groups and individuals (Stenmark, 2022).

In this three-article dissertation, knowledge is framed as practical knowledge in
IDT for studies #1 and #2, where community members use their respective online CoPs
to seek advice about educational technology implementation and solve issues related to
instructional design projects. In study #3 of the teacher professional development CoP,
the practical knowledge represents the effective implementation of teaching practices
aligned with Missouri teacher standards. Although highly embodied practical knowledge
1s difficult to articulate or transfer to others explicitly when physical movements are
involved, practitioners in online CoPs can still fully or partially articulate practical
knowledge through asynchronous tools (Polanyi, 1966). Also, practical knowledge can be
viewed as a continuum with structured, codified, or explicit knowledge at one extreme
and unstructured, uncodified, or tacit knowledge at the other end.

Although data, information, and knowledge have been defined in the knowledge
management literature, these elements are not isolated but work together where data and
information are further externalized and combined to bring forth practical, valuable
knowledge to practitioners for solving problems (Liew, 2007). As practical knowledge
becomes internalized through practice, reflection, or learning-by-doing, practitioners
break down practical knowledge back to data and information that serve as building
blocks for building new practical knowledge through collaboration in online CoPs as part
of the knowledge creation process (Nonaka & Takeuchi, 1995). Davenport and Prusak

(1998) also stated that practical knowledge is a mix of framed experiences, values, and
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expert insight that provides a framework for evaluating and incorporating new
experiences and information.

The practical knowledge can also be seen as intellectual capital stored in online
CoPs. Intellectual capital comprises human and structural capital (Ronen & Pasher,
2011). Human capital represents practitioners' skills and expertise in a particular field. In
contrast, the structural capital is the online CoP's technological capabilities and processes
to support the community members' articulation, exchange, and management of practical
knowledge. Although the management of practical knowledge is technology-dependent,
online CoPs can still ensure their longevity and success by implementing processes for
better elicitation, articulation, and management of practical knowledge (Bergeron, 2003).
Without processes in place to manage practical knowledge along with enabling
technology, online CoPs are not able to fully leverage the human capital aspect.

Probst et al. (2000) also argued that the lack of transparency and visibility of practical
knowledge hinder CoPs' abilities to self-assess their existing intellectual capital and adapt
existing solutions to future problems.

While the dynamics exist amongst data, information, and practical knowledge, the
data cleaning procedures ensured that the data sources were related to practical
knowledge instead of merely sharing data and information on CMS and social media
platforms. More specifically, study #1 contained online articles related to the knowledge
about IDT practice and practitioners' perceptions toward educational technology and
pedagogical concepts. The documents attached to online articles were excluded because
they contained factual information about educational technology. In study #2, user posts

that contained clear evidence of knowledge in the form of pedagogical and educational
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technology advice were included in the analyses. User posts in the form of salutations,
links to resources, and self-promotion ads were excluded due to the lack of contextual
attributes when users sought advice from others in Facebook groups.

In the first two studies, NLP was employed as an exploratory means to examine
the practical knowledge behind codified language in prominent online CoPs in IDT.
Syntactic and semantic NLP tasks were implemented to extract the syntax-based
characteristics and meaning behind text sources.

Syntactic NLP tasks refer to the characteristics of the syntax of words concerned
with the position of words in a sentence without understanding the context around them.
In these studies, the syntactic NLP tasks included average word and sentence lengths, n-
grams, and word frequencies that allowed for exploring the codified knowledge from text
sources. Lambda functions were used to calculate the average word and sentence lengths,
and the visualizations were generated using the Profile Report package (Brugman, 2021).
The n-grams language model in NLTK was implemented to understand the probabilities
of contiguous words in trigrams and 4-grams (Natural Language Toolkit — NLTK 3.6.2
Documentation, n.d.). After implementing a stop words dictionary to remove
uninformative words, word frequencies were obtained to understand the importance of
words based on frequencies.

Semantic NLP tasks are concerned with extracting meaning out of the context of
words. The semantic NLP tasks included sentiment analysis, named entity recognition
and entity relationships, and topic modeling. The TextBlob package was implemented for
sentiment analysis to identify positive, neutral, and negative attitudes in the texts (Lorian,

n.d.). Text sources were processed with the spaCy package to extract entities, including
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names of people, places, organizations, and geographic locations (spaCy - Industrial-
Strength Natural Language Processing in Python, n.d.). Once entities were extracted,
subject-object relationships were formed as entity pairs to describe the source and target
entities linked by edge entities.

LDA and BERTopic were implemented for topic modeling to identify the latent
topic structures in online CoPs. In the first topic modeling technique, LDA generated
topic models based on the word representations and probabilities from the bag-of-words
(BoW) and Term Frequency-Inverse Document Frequency (TF-IDF) (Rehtifek, 2009). In
the second topic modeling technique, BERTopic was implemented to generate topic
representations against a pre-trained model (Grootendorst, 2020; Reimers, 2021).

Although there is no standard evaluation procedure for topic modeling,
semantically coherent topics were examined through human judgment and quantitative
approaches. Chang et al. (2009) proposed evaluating topic model outputs using two
methods, including topic and word intrusion methods. In terms of topic intrusion,
discovered topics can be evaluated to determine whether the topic model’s decomposition
of documents agrees with human judgments. A topic model can be examined in terms of
word intrusion by observing the words inserted in a topic model that do not provide
semantic coherence or coherent meaning. Regarding the quantitative approach, coherence
values were obtained by running the topic modeling algorithms until the highest

coherence values were achieved.

Usability Testing

In the last study, redesigning the online teacher professional development

platform, the EdHub Library, required two usability testing sessions through voluntary
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participation from NEE and Assessment Resource Center (ARC) staff. This study was
conducted as part of my employment duties as an instructional designer for improving a
university-related service to school districts. Participant information was not collected,
and no identifiable information can be traced back to participants.

The primary objective of the usability testing sessions was to obtain feedback
from participants to refine the three-level hierarchical navigation structure of the
prototype. The prototype contained three main sections (i.e., getting started, search
engine feature, and topic categories). In the first usability testing session of the prototype,
five NEE trainers were given a task to look for specific materials, write the location of
the materials, and provide feedback related to their user experience (UX).

After implementing feedback from the first usability testing session, the second
prototype incorporated a fourth section for accessing dedicated NEE teacher indicator
sitemaps directly from the homepage. To verify the correct implementation of changes to
the second prototype, the same five NEE trainers and three ARC participants were asked
to locate materials, write down their location, indicate their search preference, and
provide feedback on their UX. In the two usability testing sessions, the correctness of the
location of the materials was verified.

The Dissertation Format

The three-article dissertation format was selected because the creation and
dissemination of the practical knowledge differ from platform to platform due to different
technological capabilities, the purpose and functions behind individual online CoPs, and
the varied, or the lack of, knowledge curation practices in online CoPs. The series of

studies allows for a better understanding of the creation and dissemination of practical
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knowledge under different asynchronous online environments with increasing functions
of knowledge distribution, collaboration, and topic categorization. In study #1, the
codification of practical knowledge occurs between IDT practitioners and community
leaders in the form of online articles. These online articles are disseminated through a
CMS platform as the essential aspect of resource distribution in ICTs. In study #2, the
codification of practical knowledge occurs among IDT practitioners who willingly
participate in online CoPs on Facebook. Facebook groups provide a mechanism for
collectively distributing resources and collaborative features to share practical knowledge
while integrating topic categorization through hashtags. While the codification of
practical knowledge occurs in online CoPs in the first two studies, NLP methods are
suited for better understanding how online CoPs build and share practical knowledge
under two web technology configurations (i.e., CMS and Facebook platforms) by
examining the large-scale codified knowledge of actual users on these platforms as an
authentic representation of how community members interact with others in their
respective technology platforms. In study #3, usability testing guided the development of
efficient user interfaces to support the organization of codified practical knowledge in the
form of asynchronous online instructional modules based on Missouri teacher standards
that assist educators in various roles. This dissertation format builds the foundation of my
research agenda and future studies of online CoPs.

The remainder of this dissertation is organized as follows. Chapter 2 provides an
overview of the three studies, including the study goal, theoretical background, methods,
main results, implications, conclusion, and ethical considerations. Chapter 3 concludes

the dissertation with a discussion, implications on research and practice, recommended
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design features and implementation examples, limitations, key findings of individual

studies, concluding remarks, and future directions.
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Chapter 2: Overview of the Three Studies

The sequence of studies presented in the dissertation represents the critical step
for improving IDT CoPs by analyzing the accumulated practical knowledge through NLP
to explore how community members use respective CoPs with CMS and social media
platform configurations for knowledge sharing and collaboration purposes. Thus, studies
#1 and #2 revealed the purpose, functions, and types of practical knowledge exchanged
and led to design recommendations that improve IDT CoPs as conducive information
spaces for independent exploration of practical knowledge and alignment to professional
competencies and standards in IDT. This dissertation culminates in study #3 as a design
case for redeveloping an existing online CoP for teacher professional development to
support users’ primary information task of locating professional development materials
aligned with Missouri teacher standards. The studies in the dissertation are published in

open access journals for increased dissemination and visibility of the findings.

I am the sole author of the articles in this dissertation that were accepted in the

following scholarly journals:

Study 1: published in Knowledge (article #1 in Appendix 1). As part of the
Multidisciplinary Digital Publishing Institute (MDPI), this journal was recently
established in 2021 and did not have an Impact Factor or alternative journal metrics at the
time of the submission (Knowledge, n.d.-a). Despite lacking citation metrics, this journal
is indexed in several indexing and abstracting services, including CNKI, DOAJ,
PATENTSCOPE, and ProQuest (Knowledge, n.d.-b). Also, 86% of journals in MDPI
have earned their Impact Factor from 2020 (2021 Impact Factors — Released, n.d.). As an

international double peer-reviewed open access journal, this manuscript aligns with the
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aims and scope of the journal by providing full experimentation details in knowledge-

related technologies. Citation:

Leung, J. (2022). An NLP Approach for Extracting Practical Knowledge from a CMS-
Based Community of Practice in E-Learning. Knowledge, 2(2), 310-336.

https://doi.org/10.3390/knowledge2020018

Study 2: published in /EEE Access (article #2 in Appendix 2). The Impact Factor
of this journal 1s 3.476 as of 2021. [EEE ACCESS uses a double-blind peer-reviewed
journal with an acceptance rate of 30% (IEEE Open, 2022). As a multidisciplinary open
access and online-only journal, I selected this journal to showcase this original research

across multiple disciplines that are freely available to all readers. Citation:

Leung, J. (2022). Examining the Characteristics of Practical Knowledge from Four Public
Facebook Communities of Practice in Instructional Design and Technology. /IEEE

Access, 10, 90669-90689. https://doi.org/10.1109/access.2022.3201893

Study 3: published in the International Journal of Designs for Learning (1JDL)
(article #3 Appendix 3). Although IDJL does not have an Impact Factor or alternative
journal metrics, IDJL is an open access journal sponsored by the Association for
Educational Communications and Technology (AECT) dedicated to publishing only
design cases. IDJL uses a double-blind peer-review process with an acceptance rate of
56%, receives 60 submissions on average, and is accessed by authors and readers in over
130 countries. This manuscript was nominated for the SIG Design and Technology

Outstanding Design Case Award at the American Educational Research Association
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(AERA) in November 2022 (International Journal of Designs for Learning, n.d.).

Citation:

Leung, J. (2021). Design Features of Online Teacher Professional Development: A
Design Case for Re-Developing the EdHub Library to Improve Usability and
Alignment of Content with Teacher Standards. International Journal of Designs

for Learning, 12(2), 79-92. https://doi.org/10.14434/ijdl.v12i2.29578

The remainder of this chapter summarizes the study goal, theoretical background,

methods, main results, implications, conclusion, and ethical considerations.

Study 1: An NLP Approach for Extracting Practical Knowledge from a CMS-Based

Community of Practice in E-Learning

Study Goal (Problem Statement)

The first study used CMS technology to examine an online CoP in e-learning
development. The CMS technology represented the most basic knowledge production
and sharing mechanism. The online CoP relied on membership and publishing sharing
capabilities to distribute online articles related to IDT practice. The CMS platform
provided critical mechanisms for knowledge exchange and collaboration between
community leaders and IDT practitioners. While this online CoP used the seven news
categories to organize the production of online articles, additional structures within news
categories and cross-referencing produced articles across news categories are needed to
facilitate knowledge and skills development. Although customizable [As characterize

CMS platforms, knowledge production through member interactions in the user

32



comments section is underutilized because of the distributed management of hundreds of
static HTML pages (e.g., online articles) and the lack of monitoring of user comments at
the administrative level that leads to the inconsistent knowledge creation and

advancement of skills in IDT.

Theoretical Background

The study adopted the SECI model by Nonaka and Takeuchi (1995). According to
the SECI model, knowledge is created through continuous socialization, externalization,
combination, and internalization processes. At the externalization stage, the practical
knowledge of IDT practitioners is codified into online articles related to practitioners’
professional experiences with pedagogical and technological aspects of IDT practice. In
the knowledge management literature, NLP is widely used to extract practical knowledge
from codified knowledge from e-mail communication and documents. Through various
NLP tasks used in the study, practical knowledge was explored to understand the
knowledge creation capabilities, characteristics, and priorities of the e-learning

development CoP.

Methods

NLP tasks were implemented to analyze 9,003 online articles for each of the
seven news categories, including Learning Management System (927), E-Learning
Software (400), E-Learning Trends (2,934), Design and Development (2,415),
Instructional Design (1,065), Best Practices (972), and Free Resources (320). Online
articles were identified based on the sitemap to avoid duplicating articles within and

across news categories. First, lambda functions determined the average word and
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sentence lengths better to understand the general syntactic characteristics of online
articles. After using a stop words dictionary, word frequencies and trigrams were
generated to explore essential words and their probabilities of appearing together.
Second, sentiment analysis and entity recognition and their relationships were also
explored in online articles. The sentiment analysis of online articles allowed for
identifying articles written in positive, neutral, and negative tones. The entity recognition
and relationships aspect identified the pedagogical and educational technology concepts
used in the online CoP. Third, topic modeling algorithms (i.e., LDA and BERTopic) were
used to identify the emerging subthemes in individual news categories. Topic modeling
allowed for understanding the topic characteristics from online articles in a given news

category.

Main Results

Results show that the e-learning CoP prioritized writing online articles related to
educational technology, particularly LMS platforms, as a critical component for
managing and delivering e-learning courses to students or employees for onboarding,
skill development, and compliance reasons. The majority of the online articles were
written with a positive tone. Also, most recognized entities were educational technology-
related but with a few pedagogical concepts. The online articles in the LMS news
category were the longest, with an average word count of 1,214.7 words, indicating that
the community prioritized the development of such articles in that news category. While
the online articles produced in this online CoP were in the form of recommendations,
evaluations, and reports, the e-learning development CoP tended to reference other

materials within the online CoP and external resources such as blog posts, research
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articles, and educational technology vendors. Based on the findings, the topic models
across the news categories emphasized e-learning materials production with LMS

platforms and e-learning authoring tools.

Implications

Although this online CoP emphasized the educational technology aspect of IDT
practice in their online articles, the study has implications related to the lack of
community standards for evaluating produced articles written by IDT practitioners and
the lack of pedagogical foundations that support the implementation of educational
technology. While the seven news categories are used for the general organization of
topics, the study made recommendations for cross-referencing educational technology-
related articles within the instructional design news categories, adhering to professional
competencies in IDT to monitor the production of articles, creating additional learning
opportunities in the learning sciences, and increasing the online CoP’s transparency of

how online articles are produced.

Conclusion

The practical knowledge extracted from the e-learning development CoP using a
CMS platform showed that the current IA is insufficient to organize the technical and
cognitive aspects of practical knowledge in IDT. The results of this study can be used to
enhance individual news categories further. Future research was suggested to further
investigate the emerging topic patterns by sentiment to uncover the challenging aspect of

IDT and develop taxonomies that classify technical and cognitive tacit knowledge.
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Study 2: Examining the Characteristics of Practical Knowledge from Four Public

Facebook Communities of Practice in Instructional Design and Technology

Study Goal (Problem Statement)

The second study examined four IDT CoPs on the Facebook platform, where
community members not only produce but can also share practical knowledge and
collaborate on specific issues related to IDT practice. The Facebook platform is better
suited for knowledge creation and sharing asynchronously through a chronological news
feed with embedded search and document-sharing functions in Facebook groups.
Although Facebook groups differ from a CMS's capability for creating custom [As,
community members rely on the hashtag structure developed by administrators and
members to distribute and organize user posts in topic categories. However, the hashtags
structures currently used in IDT CoPs do not represent the accumulated practical

knowledge and provide little value to knowledge discovery and reusability efforts.

Theoretical Background

Similar to the first study, the study adopted the SECI model, where knowledge is
created through a continuous process of socialization, externalization, combination, and
internalization (Nonaka & Takeuchi, 1995). In this study, community members exchange
practical knowledge through socialization and externalization processes in IDT CoPs on
the Facebook platform and integrate newly encountered practical knowledge into their
own IDT practice. The practical knowledge that was externalized or codified in the news
feed of IDT CoPs can be extracted and analyzed with NLP to explore further members'

interactions and the types of practical knowledge. Although IDT CoPs on Facebook
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relied on hashtag structures to organize user posts, NLP tasks implemented in the second
study showed the purpose, functions, emerging topic patterns from the accumulated

practical knowledge, and the frequencies of exchange of practical knowledge.

Methods

Following similar methods from the first study, a total of 7,713 user posts from
four IDT CoPs from September 2017 to September 2020 were analyzed individually with
NLP tasks, including Instructional Designer (6,000), Designers for Learning (348),
Adobe Captivate Users (641), and Articulate Storyline (724). The aforementioned online
CoPs had the largest membership count and were open to outside members of the
Facebook platform. The number of posts was reduced to 6,066 posts by removing posts
with no context (e.g., hi, hi there, hello all, and good morning professionals) and posts
with promotional links and multimedia assets. Once user posts were cleaned, lambda
functions were performed to determine the syntactic characteristics to understand the
posts' average word and sentence lengths. After removing the uninformative words using
a stop words dictionary, word frequencies and four-grams were generated to explore
relevant words and their probabilities. User posts also underwent two NLP tasks to
determine posts' sentiment stances (i.e., positive, neutral, and negative) and identify
pedagogical and educational technology entities and their relationships in each Facebook
group. The last NLP task was related to topic modeling to discover hidden semantic
characteristics or meaning behind posts using topic modeling with LDA and BERTopic

in individual IDT CoP.
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Main Results

The results of this study showed general, unique, and shared characteristics
among IDT CoPs. As a general characteristic shared among IDT CoPs, members used
four sentences or less to seek pedagogical and technical advice. Despite the different
number of posts in the Instructional Designer and Designers for Learning CoPs, these
two CoPs showed similar sentiment distributions from 70%-72% for positive sentiment,
22% for neutral sentiment, and 6%-8% for negative sentiment. In addition, the Adobe
Captivate Users and Articulate Storyline CoPs showed similar sentiment distributions of
56%-60% for positive sentiment, 28%-29% for neutral sentiment, and 12%-15% for
negative sentiment.

Although pedagogical entities were less prevalent than educational technology
entities, results showed an active exchange among members by giving thanks and
referring members to additional resources. In addition, online CoPs had different
conventions for distributing resources. It is worth noting that the Instructional Designer
CoP was prone to the discussion of learning misconceptions due to the lack of
community protocols. Also, hashtags in the Instructional Designer CoP were utilized
heavily for distributing resources for e-learning development and LMS integration. The
Designers for Learning CoP relied less on hashtag structures to discuss topics related to
learner engagement strategies, gamified learning, and free professional development
opportunities. Even though members in the Adobe Captivate Users and Articulate
Storyline CoPs were used for solving issues with their respective e-learning authoring
software, the results showed different conventions for greeting others and distributing

resources. For instance, new members in the Adobe Captivate Users CoP are introduced
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to others before asking for advice. Members of the Articulate Storyline CoP relied
heavily on video tutorials posted by administrators that contained misspellings.

Based on the topic structures, the unique characteristics of the Instructional
Designer CoP were related to asking peers to review instructional design portfolios and
the solicitation of resources for educational animation. The unique characteristics of the
Designers for Learning CoP were associated with the development of serious games for
learning, online game development, and educational technology tools. The shared
characteristics between the Instructional Designer and Designers for Learning CoPs were
related to inquiries about graduate programs in instructional design, job postings, event
announcements, and general resources for course development. Regarding the e-learning
development CoPs, the unique characteristics of the Adobe Captivate Users CoP were
related to mobile development, e-learning course integration with LMS platforms, and
general e-learning development workflows. In contrast, the unique characteristic of the

Articulate Storyline CoP was the integration of JavaScript with the e-learning software.

Implications

Given the characteristics of practical knowledge in the study, the four IDT CoPs
lacked knowledge discovery mechanisms for allowing members to find solutions on their
own and provided no mechanisms for aligning practical knowledge with established
professional benchmarks of the profession. It is important to note that the hashtag
structures used in these IDT CoPs are not representative of the accumulated practical
knowledge and are not conducive to knowledge discoverability and reusability. The topic
structures found in this study can be implemented to curate practical knowledge to

enhance IDT CoPs with knowledge management practices. While online CoPs can reach
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new members worldwide, IDT CoPs need to take foundational steps by curating their
practical knowledge through topic structures from this study and providing clear
statements about the purpose of the community, types of practical knowledge,
community protocols for addressing learning misconceptions, and onboarding new
members. IDT CoPs also are not conducive spaces for providing pedagogical foundations
to practitioners. Although IDT CoPs played a critical role during the COVID-19
pandemic as practitioners transitioned from face-to-face to hybrid and emergency remote
teaching (ERT), this study suggested that IDT CoPs include pedagogical resources in the
form of information hubs or pandemic response pages to support educational technology

selection and implementation.

Conclusion

The practical knowledge extracted from the four online CoPs of interest using the
Facebook social media platform showed several shortcomings as efficient information
spaces. The IDT CoPs under investigation lacked effective mechanisms for organizing
the accumulated practical knowledge, onboarding new members, correcting learning
misconceptions, and supporting IDT practitioners with pedagogical foundations. Future
research was suggested to investigate user posts by sentiment to explore the challenging
aspect of IDT practice, examine the priorities and evolution of topics in online CoPs,
create a comprehensive entity dictionary for investigating similar online CoPs, and
develop API interfaces to aid the knowledge discovery and reusability of practical

knowledge for the whole community.
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Study 3: Design Features of Online Teacher Professional Development: A Design
Case for Re-Developing the EdHub Library to Improve Usability and Alignment of

Content with Teacher Standards

Study Goal (Problem Statement)

The third study described a design case for designing a user interface that
supported different types of educator roles (e.g., principals, teachers, and instructional
staff) and their level of experience with teacher professional development. Technical and
usability issues in the first generation of the teacher professional development platform,
the EdHub Library, prompted discussions for resolving issues related to privacy and
sharing settings over teacher journals, navigation issues, and maintenance of the platform
within the University of Missouri. This study was guided by five design decisions that
met the goals of internal stakeholders, developers of teacher professional development,
and school districts. These five design decisions include:

1. Prioritizing visual elements

2. Ease of navigation across all levels of the library

3. Searching materials with sitemaps across multiple and individual teacher
standards

4. Utilizing a search engine that organizes search results by topic category

5. Creating a single point of access to all materials

Furthermore, two usability testing sessions performed with NEE trainers emulated
experienced educators who looked for professional development materials based on
Missouri teacher standards through teacher indicator sitemaps. Also, participants from

ARC acted as beginning teachers and instructional staff who were not experienced with
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teacher professional development. They relied on the home directory and search engine

to observe all available material in the EdHub Library.

Theoretical Background

The five design decisions were guided by a literature review of teachers'
information-seeking behaviors and Nielsen's (1994) heuristics for user-interface design.
Limberg (1999) argued that teachers had three significant information-seeking habits,
including fact-finding, choosing the correct information, and evaluating the information.
Limberg and Sundin (2006) discovered teachers' information-seeking approaches in
searching subject-specific as user-oriented tasks and general information applicable to
several contexts and applications in the classroom as context-dependent tasks. Shipman
(2015) also discovered that teachers seek the practical aspects of teaching in the form of
instructional design of lesson plans, classroom exercises, assessment tools, and action
research topics. Furthermore, Nielsen (1994) stated the ten principles for interaction
design, including visibility of system status, match between the system and the real
world, user control and freedom, consistency and standards, error prevention, recognition
rather than recall, flexibility and efficiency of use, aesthetic and minimalist design, help
users recognize, diagnose, and recover from errors, and help and documentation. These
principles were used to analyze the current challenges in the first generation of EdHub
and design prototypes that supported the platform's redesign.

Additional information sources assisted with understanding educators' needs and
challenges when using the first generation of the EdHub Library, including a survey,
informal feedback from principals, and a prior study on educators' resource utilization

patterns (Leung, 2018). Survey results showed the technical and usability challenges
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when educators accessed the first generation of the platform. Leung (2018) discovered
that educators accessed teacher professional development through the existing data
collection tool provided by NEE, and activities located in deeper levels of the library had
little to no pageviews. This user preference indicated that educators searched for
professional development materials once they identified areas of improvement from the
data in reporting tools. External logins to the CMS in the first generation were also

deemed challenging after analyzing the teacher reports.

Methods

The platform prototype was refined through two usability testing sessions through
voluntary participation from NEE and ARC staff within the University of Missouri
College of Education and Human Development. Five NEE trainers acted as expert
educators in teacher professional development, whereas three ARC staff emulated
educators as beginning teachers and instructional staff with little experience with teacher
professional development. No identifiable information was collected from the eight
participants to ensure the anonymity of responses. The third study was conducted as part
of my duties as an instructional designer for departmental purposes to improve existing
university-related services to school districts part of NEE. This particular study was
divided into four phases over 11 months. In the first phase, the purpose of initial meetings
required the identification of the current challenges in the first generation of the platform,
necessary elements in the new version of the platform, technology requirements,
migration planning, and communication planning of the transition. I was responsible for
the prototype development and usability testing sessions in the second phase. The final

prototype was deployed in the third phase after incorporating the feedback from the two
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usability testing sessions. In the final phase, the first generation of the platform was
discontinued.

The first prototype contained three main homepage sections: getting started,
search engine feature, and topic categories. In the first usability testing session, five NEE
trainers were tasked with looking for specific professional development materials, writing
down the location of the materials, and providing feedback related to their UX. Based on
the first usability testing session, a second prototype was developed to incorporate
teacher indicator sitemaps on the homepage as the fourth element. The same five NEE
trainers from the first usability testing session and three ARC staff were given a new task:
look for new professional development materials, write down their location, provide
feedback related to their experience, and indicate their search preference. The search
preference for materials included the homepage with topics, search engine, or teacher
indicators sitemaps. In the two usability testing sessions, I verified the correctness of the
materials.

It is worth noting that the goal of usability testing sessions was to test the
effectiveness of the prototypes against the information tasks given to participants. In the
final publication, however, I referenced usability testing as user testing that provided the
wrong message of testing users against the prototypes instead of testing the effectiveness

of prototypes through information tasks.

Main Results

The results from the first usability testing session with NEE trainers revealed
improvements to the user interface and functions of the search engine. These changes

included the addition of social media bookmarks on the homepage and teacher indicator
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sitemaps, eliminating unnecessary components (e.g., news and curated content
bookmarks), removing search functions at the topic and module levels, reducing the size
of the EdHub logo from the homepage, and organizing search results to mirror the topic
organizational scheme of the EdHub homepage. The second usability testing session
showed that the improved prototype allowed NEE trainers to locate professional
development materials more efficiently in under 20 minutes. In contrast, ARC staff took

around 30-40 minutes to look for materials from the homepage and search engine.

Implications

The redesign of the EdHub Library has implications for designers and developers
of CMS platforms, providers of teacher professional development, and standards-based
professional development. First, platform designers can understand Plone's current
challenges with platforms that support professional development; an open-source CMS
utilized in the first generation of the platform. While CMS platforms are necessary for
controlling membership and access to materials, developers of platforms should identify
the technical needs and challenges that school educators face when accessing multiple
tools with several login credentials. Second, teacher professional development providers
can understand the technical and administrative requirements and benefits for
maintaining professional development within the organization. Third, the interface
redesign supports new and experienced educators in standards-based professional
development through three search mechanisms and consistent presentation of materials
that allow for alignment to Missouri teacher standards. Also, the redesigned interface

accommodates educators' abilities to search materials based on their information goals.
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At the same time, search mechanisms and consistent presentation of information aid

educators' information goals.

Conclusion

The practical knowledge presented in standard-based professional development
can be organized to consistently provide users with the alignment of professional
development resources with Missouri teacher standards. The study showcased how to
support educators' user-oriented and context-dependent information tasks. The redesign
of the EdHub Library improved navigation and usability, ensured user privacy, and
enabled designers with in-house maintenance.

Ethical Considerations

Three ethical considerations involved accessing publicly available information,
protecting the anonymity of users, and protecting the organizational knowledge capital of
online CoPs. In the first study of the CMS-based e-learning CoP, online articles were
publicly available without login credentials that allowed web scraping tasks. In the
second study of IDT Facebook groups, user posts from the four IDT CoPs were open or
public, meaning that users can view user posts without a Facebook login credential. In the
third online teacher professional development study, the participants who volunteered in
the usability testing sessions were staff within a university setting, and their feedback was
anonymous. The third study also required no approval procedures or declaration to the
Institutional Review Board (IRB) at the time when the study was conducted because the
activities were designed for quality improvement of an existing program, which was part
of the teacher professional development in one of the outreach units in the College of

Education and Human Development at the University of Missouri. Although scraping
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techniques were used to obtain the data sources for the first two studies, authorship
information was deleted to prevent the identification of authors and users in their
respective online CoPs. While the first two studies relied on NLP to analyze large
amounts of textual data from the public domain, individual studies' data sources are
unavailable to protect their organizational knowledge and prevent potential disruptions in

member participation.

Despite the general rule of informed consent for research involving human
subjects, informed consent in large-scale online environments poses logistical challenges
and compromises the validity of research results. The concern of asking for informed
consent in large-scale online environments involves the need for practicality in collecting
informed consent from thousands of participants. Receiving acknowledgment of
informed consent is also challenging, where community participation varies significantly.
Although Rebers et al. (2016) argue that asking for informed consent from community
leaders is an acceptable alternative, informed consent introduces participation bias (i.e.,
Hawthorne effect) at the online CoP’s member and leader levels that lead to inaccurate
research findings by altering participants’ behaviors when sharing and monitoring
practical knowledge. In light of the absence of informed consent, the studies involved
minimal research risks to participants by not collecting their information to preserve their
privacy, confidentiality, and anonymity that could not be traced back to participants.
Williams et al. (2017) argue that not providing informed consent can be justified to
ensure the validity of research results while avoiding the disinhibiting effect of
participation bias in large-scale online environments. However, future research should

involve software vendors and leaders of online CoPs to find alternative means to obtain
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informed consent from users in large-scale online environments as part of continuous
improvement and research efforts to improve platforms that host online CoPs. The
potential partnerships amongst software vendors, researchers, and leaders of online CoPs

can lead to mitigating the effects of participation bias.
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Chapter 3: Discussion and Conclusion

In this three-article dissertation, I explored online CoPs in IDT and teacher
professional development using ICTs, including CMS, social media, and custom web
development. Asynchronous online platforms enable community members’ production
and exchange of practical knowledge. This dissertation contributes to the field of IDT,
teacher education, and software development in several ways:

1. Examine the practical knowledge produced and exchanged in platforms by
analyzing the rich organizational knowledge capital in online CoPs.

2. Provide a better understanding of different platforms’ purposes, functions, and
knowledge exchange characteristics.

3. Highlight the need for online CoPs to effectively curate knowledge through better
topic structures aligned with professional standards within the current capabilities
of platforms.

4. Give providers of professional development, software developers, and
professional organizations an understanding of how community members
exchange knowledge in online CoPs.

The first study analyzed the syntactic and semantic characteristics of codified
knowledge found in online articles produced by IDT practitioners organized in seven e-
learning news categories using WordPress as a blog-publishing platform. A blog-
publishing platform relies on CMS technology to manage the creation and modification
of digital content and its users. A few features of this CMS include the ease of
administration of pages and users, customizable content templates, and minimal server

requirements. The results of the first study showed that the e-learning news outlet CoP
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placed a heavy emphasis on producing articles related to the technical aspects of e-
learning materials production. The first study noted that the pedagogical aspects of e-
learning development were present to a lesser degree. This first study highlights the need
to (a) develop online articles related to the pedagogical foundations of IDT, (b) verify the
quality of knowledge produced, (c) cross-reference content across news categories, and
(d) align online articles with professional standards.

The second study investigated the codified knowledge from users’ posts in four
public Facebook groups in IDT to further understand how community members exchange
practical knowledge and the various functions of individual online CoPs. The CoPs in
IDT are public or open on the Facebook social media platform meaning anyone can
review user posts without participation. Anyone with a Facebook profile can join public
Facebook groups to participate in discussions, events, and document sharing. As one of
the most convenient online platforms to launch online groups, the Facebook social media
platform allows community administrators and members to create their set of hashtags to
organize content in topic categories. Community members can pin specific hashtags
deemed necessary for others to discover. However, the second study’s findings showed
that hashtags in online CoPs were used ineffectively and did not reflect the accumulated
practical knowledge as the organizational capital of online CoPs. The results of the
second study showed the purposes and unique and shared characteristics of four IDT
Facebook groups. The second study showed that educational technology advice was more
prominent than pedagogical advice in the four Facebook groups and lacked effective
mechanisms to organize their practical knowledge. Additionally, two common

characteristics among the online CoPs under investigation were the lack of information
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for onboarding new members and protocols for addressing misconceptions in IDT
practice. The second study provides recommendations for community leaders to better
organize their organizational knowledge capital, allowing members to look for specific
solutions independently with a higher specificity related to the IDT practice.

The third study aimed to develop an information space, the EdHub Library, that
supports educators with user-oriented and context-dependent tasks when aligning
professional development materials with Missouri teacher standards. The third study
provided this CoP with an improvement of a three-level or hierarchical tree structure
through custom web development. The primary motivation for redesigning the EdHub
Library was to address critical technical and usability issues in the first generation of the
platform built on an open-source CMS called Plone. The technical challenges of the first
generation of the library revolved around the lack of privacy and sharing options over
teacher journals and visibility of content to other school districts. The usability challenges
of the first generation of EdHub were related to the cumbersome navigation structures
and the need for more alignment of professional development materials with Missouri
teacher standards. Although the third study mainly used two usability testing sessions of
two prototypes with NEE trainers and ARC members, additional information and
feedback guided the second generation of EdHub, including a teacher survey, informal
feedback from school administrators during training sessions, a literature review of
teachers' information-seeking behaviors, and a study of resource utilization patterns of
the first iteration of the platform (Leung, 2018). The final implementation of the second
generation of EdHub took 11 months to complete and was launched in the Summer of

2018. The third study was conducted in four phases to analyze the requirements of the
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new platform, design and test prototypes, deploy the platform within the existing
classroom observation data tool, and phase out the first generation of the platform. The
third study showcases how an information space enables school administrators, teachers,
and instructional staff to search for materials in three ways through the homepage
directory, search engine, and teacher indicator sitemaps based on the user’s level of
experience with professional development. The three mechanisms for searching materials
support user-oriented and context-dependent tasks. In user-oriented tasks, educators
search for materials specific to their information needs, generally new teachers,
principals, and instructional staff. New teachers perform user-oriented tasks to find the
most critical pieces of professional development to improve their classroom management
skills. Principals seek simulation resources to practice scoring teachers in the classroom.
Instructional staff look for specific resources that support teachers (e.g., instructional and
technology coaching) and students (e.g., Dyslexia and accessibility coaching). In context-
dependent tasks, educators, mainly experienced teachers, look for materials aligned with
Missouri teacher standards across multiple topics using the teacher standard sitemaps and
subject-specific materials from the EdHub homepage and search engine.

Discussion

Research Question 1: What design features in online information spaces enhance the

exchange of skills and knowledge among members of a community of practice?

Due to the popularity of ICTs, the growth of practical knowledge in IDT CoPs has
gone unchecked without the proper assessment of IDT practitioners’ professional needs,
which led to the over-production of educational technology-related practical knowledge.

Although practical knowledge in online CoPs has grown organically due to member
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interactions over time, the lack of knowledge management practices has led to the
reusability barriers that prevent community members from leveraging the accumulated
practical knowledge, especially those members who participate at the periphery (i.e.,
lurkers) and seek solutions independently without fully engaging with other members.
Current research examines the design considerations for creating online CoPs for teacher
professional development that are conducive to the professional development of
educators and compliance with state teaching standards (Dille & Rekenes, 2021; Macia
& Garcia, 2016; O'Dowd & Dooly, 2022). Also, IDT CoPs are not currently configured
as efficient information spaces that enable IDT professionals to self-assess their
professional development needs against the standards and competencies of the
profession.

The studies in this dissertation explored the syntactic and semantic features of the
organizational knowledge capital of several online CoPs in IDT. The studies also took
inventory of the practical knowledge produced and exchanged using different web
technology configurations. In the third study, three mechanisms for locating professional
development materials and aligning with Missouri teacher standards can be implemented
in other online CoPs to provide consistent topic structures and alignment to any given
professional competencies. Online CoPs can become conducive information spaces by
enabling members to self-assess existing practical knowledge through topic structures
that ensure the reusability of the accumulated practical knowledge. Online CoPs can
become information spaces where community members can (a) locate information
independently from the accumulated practical knowledge in CMS and social media

platforms, (b) increase their ability to self-assess newly encountered practical knowledge
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through the alignment of professional competencies, and (c) leverage efficient topic
structures for better navigation of the accumulated practical knowledge, and not merely

for the distribution of resources.

Implications for Research

The research implications for this three-article dissertation offer opportunities for
fellow scholars to examine the mechanisms for sustaining community members’
exchange of practical knowledge in the knowledge creation processes, especially when
converting practical or tacit knowledge to explicit forms in asynchronous online
environments (Nonaka & Takeuchi, 1995). While practical knowledge in online CoPs is
continuously created through socialization, externalization, combination, and
internalization processes, Nonaka and Takeuchi also argued that the knowledge creation
processes occur in four contexts. Based on the SECI model, these four contexts (i.e., ba
or basho) are defined as spaces where community members regularly interact in physical,
online, or mental shared spaces and support each stage of the knowledge creation process
(Nonaka & Takeuchi, 1995). As the vital element for knowledge sharing, ICTs support
online CoPs in several contexts in terms of processes of socialization (originating ba),
externalization (conversing ba), combination (cyber ba), and internalization (exercising
ba). However, the current online CoPs under investigation have shortcomings in
supporting community members’ exchange of practical knowledge and their respective
contexts.

First, the findings of this three-article dissertation suggested that online CoPs need
to provide better support for the socialization process when community members deeply

exchange practical knowledge (originating ba). For instance, IDT CoPs (studies #1 and
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#2) lacked the context of originating ha where the purpose and functions of the online
CoP were not articulated for the benefit of new members. Also, in the context of the
teacher professional development CoP (study #3), the socialization context was present.
However, it could not be directly observed due to educators’ choices to pursue
professional development individually or as a group (e.g., professional learning
communities or PLCs) in school districts.

Second, findings suggested that online CoPs (studies #1 and #2) that relied on the
blog and social media platforms enabled the conversing ba context to codify IDT
practitioners’ practical knowledge of e-learning materials production. However,
individual IDT CoPs gave little attention to evaluating produced online articles (study #1)
and lacked mechanisms to correct misinformation (study #2). Regarding the third study,
the conversing ba could not be observed when educators used journal templates to
document their learning using professional development resources due to the private
nature of teacher journals.

Third, findings showed that the cyber ba context was absent in the e-learning
news outlet CoP (study #1) when producing and evaluating online articles. However, this
particular context was supported through webinars offered through this CoP. Although
synchronous communication tools were not studied in IDT CoPs (study #2), community
members relied on hashtags to share practical knowledge. However, these hashtag
structures did not represent the accumulated practical knowledge based on the topic
models. Even though the cyber ba could not be observed in the teacher professional
development CoP (study #3), NEE trainers often offer classroom observation support to

school districts using synchronous communication tools like Zoom. Also, schools have
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different ways of bringing teachers together in a synchronous manner to debrief
professional development efforts at the school district level. Although the exercising ba
context could not directly be observed in the individual studies, the internalization of
practical knowledge in the fourth context varied greatly from individual to individual. In
studies #1 and #2, the exercising ba can be examined by surveying or observing
practitioners as they integrate newly encountered knowledge and its subsequent
integration into their own IDT practice. In study #3, the exercising ba can also be studied
through document analysis of reflective journals where teachers are asked about

implementing instructional strategies and improving their teaching practice.

Implications for Practice

Although the strengths of platforms built on Web 2.0 technologies involve the
ease of formation of online CoPs and members’ ability to share practical knowledge with
others, the current state of technologies presents members with challenges related to the
lack of (a) discoverability (b) reusability, and (c) proper representation of the
accumulated practical exchanged on these platforms. Greene et al. (2000) suggested that
information can be represented as entities that can be visualized in a graphical or textual
manner through overviews and previews. Overviews are representations that provide
summary depictions of knowledge, whereas previews are representations of knowledge.
A typical example of an overview is a table of contents encapsulating all material
components. In terms of online CoPs, the generated topic structures found in studies #1
and #2 can be implemented as a table of contents to represent the wealth of practical
knowledge better. An example of a preview is an abstract that summarizes the overall

contents of written materials. Previews can also be implemented as explicit statements
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that encapsulate online CoPs’ purpose, knowledge exchange protocols, and mechanisms
for onboarding new members.

More specifically, the BoW topics identified in studies #1 and #2 represent the
patterns of the accumulated practical knowledge that describe the functions and types of
entities (i.e., pedagogical and educational technology) available in individual IDT CoPs.
Two types of 1A can be implemented to provide better overviews of the accumulated
practical knowledge and types of entities available in online CoPs. For example, the first
IA focuses on the organization, structuring, and labeling of practical knowledge and
entities that represent the purpose and functions of online CoPs from a content-based
perspective. The second IA can leverage professional benchmarks in IDT to organize
practical knowledge from a professional context perspective. These two IAs can work in
tandem to allow community members to manipulate the practical knowledge from
content- and context-based perspectives that provide a nuanced view of the practical
knowledge in online CoPs.

In the context of this three-article dissertation, CMS platforms (study #1) can
provide better overviews of practical knowledge by enhancing the existing IA of
individual news categories alongside a second IA that organizes materials by professional
standards. In social media platforms (study #2), overviews can be implemented through
dashboards using NLP pipelines to digest textual sources that provide a high-level
representation of the accumulated practical knowledge. While overviews are intended to
provide a high-level summary of online CoPs, previews are designed to summarize
practical knowledge. In the first study, CMS platforms can provide valuable content

previews through NLP summarization techniques (i.e., extractive and abstractive). In
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extractive summarization, summarized user content is extracted by obtaining the most
representative words from the original text. In contrast, text summaries are generated
from the original user content in abstractive summarization. In the second study using the
Facebook social media platform, previews can also be implemented as explicit statements
that describe the specific functions, community protocols, onboarding new members in
IDT CoPs, and summarization previews of exchanged practical knowledge over time.
Recommended Design Features

Although ICTs play a critical role in the exchange of practical knowledge without
geographical and time boundaries, five design features are necessary to enhance
community members’ ability to browse the accumulated practical as information spaces
by enhancing the self-directness of learning (Garrison, 1997) and usability from
technological, social, and pedagogical dimensions (Janke et al., 2020). IDT CoPs lacked
mechanisms to support cognitive, or self-monitoring, and contextual or self-management
processes that allow community members to (a) evaluate the new information
encountered as part of the socialization context, (b) share practical knowledge effectively
align within the topic representations of the accumulated practical knowledge during
externalization and combination processes, and (c) enable IDT practitioners with
mechanisms to evaluate practical knowledge against their practice and IDT competencies
during their internalization process.

The current state of online CoPs in IDT does not currently support the self-
directed learning of community members when browsing practical knowledge and
aligning with professional benchmarks in IDT. The design features can support the

community member’s ability to self-manage by controlling the CoP environment based
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on professional development goals and needs by integrating topic representations through
effective hashtags structures (i.e., the contextual aspect of manipulating the wealth of
practical knowledge) while allowing better internalization of practical knowledge against
professional competencies (i.e., the cognitive aspect of evaluating professional
knowledge against practitioners’ practices). Although usability and UX research has
focused on evaluating the learner experience (LX) from a technological standpoint, the
social and pedagogical dimensions of UX and LX are often neglected when designing
technology-enhanced environments. This disconnect among these three dimensions leads
to technology abandonment due to technical issues, insufficient affordances that meet
users’ needs, and low technology adoption due to unanticipated user needs.

Furthermore, IDT CoPs lacked social presence (i.e., social dimension) and logical
organization of the accumulated practical knowledge (i.e., pedagogical usability) when
collaborating in an asynchronous online environment. Online CoPs in IDT (study #1 and
#2) also act as non-formal learning environments where community members interact
with each other to fulfill professional goals and workplace needs. However, UX
improvements are required in CMS and social media platforms that allow for meaningful
learning experiences from the social, technological, and pedagogical dimensions. As a
design case, the teacher professional development CoP (study #3) focused on the three
dimensions by improving the arrangement of the user interface (UIl) components of
materials aligned with Missouri teacher standards ( i.e., pedagogical dimension), allowing
the attainment of professional goals either individually or collaboratively in PLCs (i.e.,
social dimension), and organizing materials and representation of search results in a

consistent manner (i.e., technological dimension).
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Regardless of web technology platforms or the adoption of future development of
web technologies, the below design features can be implemented in current platforms to
stimulate the self-directed learning and usability dimensions in online CoPs. Table 2
summarizes how the recommended design features support the knowledge creation
process, self-directed learning contexts, and usability dimensions. While the first three
design features can be integrated into online CoPs, the last two design features rely on the

future development of web technologies that allow for processing textual sources.

Design Feature #1: Provide better organizational schemes for categorizing and

curating practical knowledge while aligning to professional standards.

While most articles were related to e-learning materials production in the first
study, the news categories used in the online CoP required additional topic structures to
add a layer to content categorization. Although pedagogical-related online articles were
less prevalent than educational technology topics, an additional IA related to professional
standards in IDT is required to evaluate better the knowledge production capabilities of
this particular online CoP. In the second study of IDT CoPs on Facebook, the hashtag
structures used in individual CoPs were used to distribute materials in user posts without
any indication of specific topic categories. In the third study of the teacher professional
development CoP, the first design feature is implemented in the EdHub Library by
organizing teacher materials in three ways: topic categories, teacher indicator sitemaps,
and search functions while providing consistent alignment to Missouri teacher standards.

The first design feature has the most significant benefit in three contexts of the
SECI model, including the conversing ba (externalization), cyber ba (combination), and

exercising ba (internalization) (Nonaka & Takeuchi, 1995). In addition, topic structures
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benefit the CoP as a whole by promoting self-monitoring and self-management at the
member and CoP levels. Topic structures also support the pedagogical dimension by
indicating the characteristics of the accumulated practical knowledge in individual CoPs.
While this design feature can be integrated, online CoPs in IDT will need time to re-
organize and curate additional e-learning news categories and hashtag structures based on

the findings of the first two studies.

Design Feature #2: Establish community protocols for addressing misinformation and

onboarding new members.

In the e-learning news outlet CoP (study #1) and IDT CoPs on Facebook (study
#2), community protocols for examining misinformation in knowledge production were
absent. For example, several articles related to learning styles were present in the e-
learning CoP, and no corrective measures were provided to evaluate the quality of online
articles. In IDT CoPs on Facebook, community members and administrators were
inconsistent in addressing learning misconceptions. Furthermore, community instructions
needed to be included on interacting with the accumulated practical knowledge and other
members. In the teacher professional development CoP (study #3), this design feature is
implemented during the storyboarding and content development processes where the
subject-matter expert (SME) and the instructional designer align professional
development materials with Missouri teacher standards. Additionally, the teacher
professional development CoP has specific materials for new members (e.g., beginning
teachers and new principals) who need instructions on utilizing the EdHub Library for

their respective roles.
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By implementing the second design feature, community members are better
positioned to interact with others while constructing knowledge collaboratively during
the socialization process (i.e., originating ba), taking responsibility for the construction of
knowledge critically and meaningfully (i.e., self-monitoring), and establishing clear
protocols for addressing the validity of knowledge shared in online CoPs (pedagogical
dimension). First, leaders of online CoPs need to provide community members with
protocols for addressing misinformation and onboarding new members. Without these
community protocols, community members inadvertently internalize flawed mental
models that lead to inaccurate modification of practitioners’ professional knowledge.
Also, community members not only acquire practical knowledge by observing others
without full participation but also acquire the tacit norms in the online CoP that lead to an
inconsistent way to share practical knowledge. Second, this design feature allows
community members to self-monitor when internalizing new knowledge into their
practice. Also, this design feature allows community members to question the validity of
misinformation encountered in online CoPs as they become aware of their construction
and internalization of new knowledge. Third, community members interact not only with
others and the interface from the social and technological usability perspectives but also
with the wealth of accumulated practical knowledge in CoPs from a pedagogical usability
perspective. This particular design feature can be implemented as a checklist or
statements that foster a collective responsibility when encountering misinformation. This
design feature can be easily implemented in online CoPs using CMS and social media
platforms. For instance, online CoPs can instruct community members to tag user posts

or report online articles that may contain misinformation for later review.
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Design Feature #3: Increase transparency in online CoPs by explicitly stating the
purpose, functions, and protocols for producing, eliciting, and evaluating practical

knowledge.

While the purpose is articulated in the e-learning news outlet CoP and the topic
structure provided a scheme for organizing online articles (study #1), it is also essential to
articulate (a) the sub-topic categories within the more major news categories, (b) types of
online articles (e.g., evaluation reports, whitepapers, pedagogy, and educational
technology), and (c) quality criteria for online articles aligned with professional
standards. Including these three recommendations give community members a high-level
overview of what is available on the site while evaluating content against professional
standards. The e-learning news outlet CoP can also adopt professional standards to
carefully understand the types of online articles produced by IDT practitioners.

In study #2 of IDT CoPs, the purpose is articulated for the Instructional Designer
and Designers for Learning, but not in the Adobe Captivate Users and Articulate
Storyline Facebook groups. Because of the lack of curation of knowledge practices and
effective topic structures in Facebook groups, clear statements about the purpose,
functions, and protocols can assist community members with understanding the types of
practical knowledge available in online CoPs. Although entity relationships in study #2
showed an active exchange of pedagogical and educational technology advice, online
IDT CoPs had no consistent means for eliciting and sharing practical knowledge among
community members. For example, community members asked for educational
technology options for online training but needed to disclose the contextual factors about

the learning environment and learner needs. Community administrators can adopt the
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Subjective Objective Assessment Plan (SOAP) technique by Herschel et al. (2001) as a
critical community protocol for helping community members with knowledge exchange.
The SOAP technique is mainly used in medical settings. However, it can be implemented
in online IDT CoPs to articulate the background information needed to understand the
problem, state the overall objective of the intervention, assess the best option to close the
gap, and create a feasible implementation plan.

Transparency in the teacher professional development CoP (study #3) is aligned
with NEE’s comprehensive system for educator training and evaluation. Also, SMEs and
NEE trainers provide quality control of professional development materials. The EdHub
Library in study #3 provides three mechanisms for searching professional development
materials aligned with classroom observation rubrics and teacher indicators.

By adding transparency in the form of community protocols, the third design
feature enables the socialization aspect of knowledge creation while supporting self-
monitoring and self-management in self-directed learning and the social and pedagogical
usability dimensions. It allows community leaders to take inventory of the knowledge
produced, and members can consistently know what is available. Although this design
feature can be implemented in online CoPs, it may be challenging to implement as
community norms have been embedded since their inception. A radical shift in how
community members exchange practical knowledge may prove challenging to enforce in
a non-formal learning space from a community leadership perspective.

Design Feature #4: Improve the search engine functions while aligning with topic

structures and competencies.
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The search engine tools utilized in the e-learning news outlet CoP (study #1) and
IDT CoPs on Facebook (study #2) provided essential functions for searching online
articles and user posts within the respective online CoP. However, the search engine tools
needed to provide a mechanism for users to sort through the accumulated practical
knowledge. Search engine services can be further optimized to organize search results to
support the combination stage of the knowledge creation process, where practical
knowledge can be organized into meaningful topic structures that allow users to quickly
understand specific aspects of IDT practice. The customization of the search engine
service also supports users with self-management tasks in self-directed learning and the
technological usability dimension that leads to better evaluation of content by reducing
users’ cognitive load of search results. Study #3 of the teacher professional development
CoP is an example of how a search engine tool can be tailored to sort through the wealth
of content while organizing results to mirror the topic categories from the EdHub Library
homepage and teacher indicators. SiteSearch360 is a search engine service used in study
#3 that allowed for the manual curation of instructional modules under topic categories.

To implement the fourth design feature, the e-learning news outlet CoP needs to
create topic categories that organize search results based on the general news categories
and sub-topic within the more prominent news categories. Although this design feature is
feasible for implementation, community leaders in the e-learning news outlet CoP require
time to manually tag online articles based on topic, sub-topic, and professional standard
categories. In the case of IDT CoPs, the search functions within individual Facebook
groups will require an additional time investment to manually organize user posts based

on topic categories and professional standards. Additionally, the search function on the
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Facebook platform will require NLP pipelines to process user posts and organize them in

search results categories that mirror the hashtag structures.

Design Feature #5: Leverage NLP pipelines to process and organize practical

knowledge to promote member engagement and knowledge sharing.

While studies #1 and #2 required web scraping methods to process online articles
from the e-learning news outlet CoP and user posts in IDT CoPs on the Facebook
platform, it is not an ideal scenario to offload and perform NLP tasks to process large
amounts of textual data. Online CoPs will significantly benefit from ICTs integration
with NLP pipelines that allow for processing textual data, identifying and categorizing
entities, and identifying the overall semantic meaning of text sources. The future
generation of ICTs can integrate with NLP pipelines using two types of dashboards that
track patterns in practical knowledge at the community member and administrator levels.

Although implementing the design feature in online CoP will heavily depend on
the evolution of web technologies, the technological aspect of this design feature alone
cannot guarantee a high level of utility to community members and administrators.
Because NLP pipelines will require a supervised machine learning approach to categorize
multiple labels in practical knowledge, online CoPs need to improve their knowledge
curation practices by categorizing content based on topic structures found in studies #1
and #2. Once the accumulated practical knowledge is categorized, community member
and administrator dashboards can effectively process textual sources that benefit three
aspects of the knowledge creation process (i.e., socialization, conversing, exercising
contexts), self-monitoring and self-management in self-directed learning, and the three

usability contexts (i.e., social, technological, and pedagogical).
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Table 2.

Design Features That Support SECI, Self-Directed Learning, and Usability Dimensions

Design Feature SECI Context Self-Directed Usability
Learning Context Dimension
1. Topic categorization | Conversing ba Self-monitoring Pedagogical
(externalization)
Self-management
Cyber ba
(combination)

Exercising ba

(internalization)
2. Community Originating ba Self-monitoring Social
protocols (socialization)
3. Community Originating ba Self-monitoring Social
transparency (socialization)
Self-managing Pedagogical
4. Search engine Cyber ba Self-management Technological
functions (combination)
5. NLP pipelines Originating ba Self-monitoring Social
(socialization)
Self-managing Technological
Conversing ba
(externalization) Pedagogical

Exercising ba
(internalization)

Implementation Examples of Design Features

For study #1, the design features can be implemented in the e-learning news outlet
CoP. Figure 1 describes the first design feature where online articles are cross-referenced
to other articles in different areas of IDT practice. For instance, a technical-related online
piece (e.g., LMS) is displayed within the LMS category with supporting pedagogical

resources and related IDT competencies. In this manner, the accidental, experienced, or
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newly minted IDT practitioners can support their pedagogical foundations related to
educational technology.

Although the e-learning news outlet CoP values educational technology-centered
over pedagogical-related online articles, this online CoP must provide transparency of
how community leaders select the publication of online articles and how online articles
support professional competencies in IDT. Community leaders should model their
evaluation selection practices of IDT knowledge that allow members to self-assess and
advance their professional practice. The future generation of web technologies should
enable online CoPs to detect users’ sentiments and recognize pedagogical and
educational technology entities from the user comments section using NLP pipelines to
understand the professional needs of IDT practitioners. At the same time, future web
technologies should enable community leaders with a high-level overview of members’
responses to online articles to explore the challenging aspects of IDT practice from the
practitioner's perspective.

Figure 1.

Wireframe of the E-Learning News Outlet

68



Page 1 '\7/”\7/ ‘~7,‘

https://www.default.com

Practitioner Website Search Articles 0| Login

HOME / Learning Management System / Article Title LMS
icle Titl . .
f\mc e Title LMS Related Technical Articles
LMS Implementation #1
LMS Requirements #2
LMS User and Content Management #3
E-Learning Authoring Integration #4

Author info Related Instructional Design Articles
Date
Reading duration n , @ Gamification #1

Mobile Learning #2

Lorem ipsum dolor sit amet, ipisicing elit, sed do ei d tempor incidi ut labore et
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex Learner Assessment & Feedback #3
ea commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat Learning Theories #4
nulla pariatur. ur sint i non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum.
. - . ) , Related Competency Area Articles
Sed ut perspiciatis unde omnis iste natus error sit vol it que laudantium, totam
rem aperiam, eaque ipsa quae ab illo inventore veritatis et quasi architecto beatae vitae dicta sunt Competency Area #1

explicabo. Nemo enim ipsam voluptatem quia voluptas sit aspernatur aut odit aut fugit, sed quia Co t Area #2
consequuntur magni dolores eos qui ratione voluptatem sequi nesciunt. Neque porro quisquam est, qui mpetency Area

dolorem ipsum quia dolor sit amet, consectetur, adipisci velit, sed quia non numquam eius modi tempora Competency Area #3

incidunt ut labore et dolore magnam aliquam quaerat voluptatem. Ut enim ad minima veniam, quis nostrum

exercitationem ullam corporis suscipit laboriosam, nisi ut aliquid ex ea commodi consequatur? Quis autem

vel eum iure reprehenderit qui in ea voluptate velit esse quam nihil molestiae consequatur, vel illum qui Related E-Learning Resources Articles
dolorem eum fugiat quo voluptas nulla pariatur?

Multimedia Resources #1

E-Learning Workflows #2

Professional Development #3

E-Learning Templates #4

Comments

Comment 1

Comment 1 Reply

Comment 2

For study #2, the design recommendations can also be implemented in IDT CoPs
on the Facebook social media platform. Figure 2 shows an online CoP in IDT that
provides topic organizational schemes (design feature #1), statements of community
protocols for addressing misinformation and onboarding of new members (design feature
#2), and statements about the purpose, functions, and protocols (design feature #3). While
IDT CoPs on Facebook have similar functions related to sharing advice about educational
technology, online CoPs in IDT should implement the first three design features that
allow members to manipulate better the organizational knowledge capital based on the
organizational topic structures. In the first design feature, the second study’s findings
offer community leaders topic structures of practical knowledge representing

organizational knowledge capital in individual online CoPs. In the second design feature,
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online CoPs in IDT are prone to disseminating misinformation about learning myths and
lack onboarding information for new members. In the third design feature, online CoPs
should state their purpose, functions, and protocols required for member engagement.
The second and third design feature can be easily implemented by including important
information about the online CoP. However, IDT CoPs will require additional time to
organize their practical knowledge into meaningful topic categories for the first design
feature.

Although online CoPs in IDT on Facebook have a simple search engine function
to look for information within the online environment, the fourth design feature involves
augmenting the search engine function that ties the topic structures together to give
community members a high-level overview of the available practical knowledge by topic
or competency category. Future ICTs should increase the search engine functions to
allow for high-level overviews of practical knowledge by generating insights from the
online CoP from user posts for the fifth design feature.

Figure 2.

Wireframe of the Instructional Designer Facebook Group

70



1/ B Y \, ) ( )
Page 1 DAL,
https://www.default.com
Practitioner Group v
Public Group 2K members
About Topics Events Repository
( o -
Newest Activity Search posts or tags © About
Author 1 Purpose of group
#EdTech ing
Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt @ Public
ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation .
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in Anyone can see who's in the group and what
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint they post
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id est
aborum. ') For New Members: What to Expect
|.Like O comment [} share == Group Rules
Author 2 Reply
Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud Filter Topics Competencies
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute
irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla E/I #InstructionalStrategies @ Standard 1
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum. #ElearningWorkflow @ Standard 2
#EdTech @ Standard 3
[4 #IDobs 0 All Standards
[ #IDPortfolios
E #PD
Recent Files
q Storyboard Template  Module Template  Needs Analysis
. . .
Limitations

Despite the interesting findings, practical implications, and care for collecting the
text sources, this three-article dissertation has limitations. External resources, including
documents, videos, and graphics from online articles and users’ posts, were not processed
due to intensive tasks for scraping platforms and cleaning textual sources outside the e-
learning news outlet and the Facebook platform. Additionally, responses from online
articles were not scraped due to inconsistent comments in the e-learning development
CoP (study #1). While practical knowledge in these online CoPs represents a given
period, word frequencies and topic models may evolve as online CoPs may shift the

direction of the discussion. Also, community leaders may engage in curation practices
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and devise better organizational mechanisms for their platforms that are representative of

the accumulated practical knowledge aligned with professional competencies.

Key Findings

Overall, this line of research is critical in understanding online CoPs that support

the information needs of IDT practitioners, software companies, and educators. The

series of studies has demonstrated that:

1.

The E-Learning Industry CoP produced online articles as recommendations,
evaluations, and reports on IDT practice’s pedagogical and technical aspects
(Leung, 2022). The online CoP in IDT heavily emphasized the production of
online articles related to LMSs as the primary mechanism for e-learning courses
for online employee onboarding, skills development, and compliance purposes.
The online articles of this CoP were characterized by the digestible reading
nature, the positive tone across the seven news categories, and the emphasis on
educational technology over pedagogical entities. Additionally, the practical
knowledge extracted from online articles emphasized the ease of implementation
of LMSs with integration and support of e-learning authoring software and the
best practices around the technical aspects of design and development concerning
LMSs and e-learning authoring software. Although most online articles were
written positively across the seven news categories, this online CoP did not
provide explicit standards for controlling the quality of published online articles
and vetting the credentials of SMEs. While the online CoP relies on CMS
technology to manage the publication of practitioners’ online articles, the E-

Learning Industry should state the evaluation criteria for producing articles within

72



the current capabilities of a CMS. It is critical to cross-reference the online
articles with other news categories related to the pedagogical foundations for
supporting the decision-making of educational technology implementation. In
addition, the E-Learning Industry can significantly improve the UX of accessing
and cross-referencing practical knowledge with professional standards and
competencies in IDT. This way, practitioners of varying degrees of professional
experience can assess knowledge gaps that allow for better integration of new
practical knowledge into their IDT practice.

The online CoPs in IDT found on the Facebook platform have specific purposes,
shared and unique characteristics, and conventions for exchanging knowledge
(Leung, 2022). In IDT CoPs, the four areas of knowledge exchange between the
Instructional Designer and Designers for Learning Facebook groups were related
to instructional design programs, job postings, events, and free resources. The
unique characteristics of the Instructional Designer group were in the solicitation
for reviewing instructional design portfolios and educational animation
development. The unique features of Designers for Learning were related to
serious games, online game development, and educational technology research. In
e-learning development CoPs, the technical aspects of e-learning authoring tools
are shared characteristics in the Adobe Captivate Users and Articulate Storyline
Facebook groups. The unique features of the e-learning development CoPs
involve the integration of e-learning courses with LMSs and JavaScript,
respectively. Based on the findings of this study, it is critical for online CoPs in

IDT to provide improved topic structures, establish community protocols for
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correcting misconceptions about learning, align topic structures of e-learning
authoring software in support sites and Facebook groups, provide better
onboarding of new members, and define the purpose, functions, and curation
practices for sharing practical knowledge.
3. The custom development of the online CoP for educators in NEE, the second
generation of the EdHub Library, showed how an information space could be
implemented to support users of different experience levels with teacher
professional development and information tasks despite the current limitations of
Web 2.0 technologies (Leung, 2021). Although the goal of the third study was to
redesign the library from a usability perspective, the design decisions and the
prototype interface can be implemented in other online CoPs to provide better
mechanisms for community members to browse and locate practical knowledge
independently. Despite the current limitations of Web 2.0 technologies, this study
serves as a foundational piece for the future development of CoPs using the next
generation of web technologies where platforms support community leaders and
members with the monitoring and exchange of practical knowledge.
Conclusion

This three-article dissertation provided design recommendations for improving
online CoPs as information spaces that advance the skills and knowledge of practitioners.
The findings of the individual studies can be implemented to enhance online CoPs in IDT
within the current limitations of ICTs based on Web 2.0 technologies. Currently, the
online CoPs in IDT can improve various mechanisms for organizing their organizational

knowledge capital based on the topic structures discovered through topic modeling,
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including explicit statements for addressing misconceptions and evaluating the quality of
codified knowledge produced by IDT practitioners. The future generation of ICTs can
support members in monitoring the exchange of practical knowledge by integrating NLP
pipelines that digest users’ textual sources. At the same time, community leaders will
benefit from the future generation of ICTs by observing the generation and exchange of
practical knowledge at the administrative level and enable them to take appropriate
actions to advance the skills and expertise of IDT practitioners.

Research is still needed to inform community leaders, software developers, and
providers of professional development about (a) additional characteristics of community
members’ exchange of practical knowledge in asynchronous online environments, (b) the
evolution of topic patterns over time as a critical indicator of online CoPs’ priorities, and
(c) the prototyping NLP dashboards to sustain knowledge creation processes. As
community members exchange practical knowledge, future research can focus on the
additional characteristics of codified knowledge through sentiment analysis of topic
patterns to discover the challenging aspects of IDT practice. While web technologies
enable the rapid creation of online CoPs using different platforms, the future direction of
this research includes the development of a comprehensive entity dictionary from the first
two studies to investigate other public online CoPs, such as Reddit, Quora, Twitter, and
LinkedIn. As current platforms evolve and new ones emerge, a further investigation of
the exchange of practical knowledge through rhetorical and linguistic analyses will
inform fellow scholars and stakeholders about how these platforms facilitate or hinder
community members. Although community dashboards are not currently integrated into

Web 2.0 technologies, this line of research affords the testing of community dashboards
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using NLP pipelines to assist online CoPs with quantifying the accumulated practical
knowledge and facilitating self-directed learning among community members. The topic
models generated in these dashboards can be shared as an open-source project in
Streamlit or Dash to support the future development of ICTs, providing better support for

online CoPs as information spaces.
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Abstract: This study aimed to identify the tacit or practical knowledge of an online community of
practice (CoP) based on a content management system (CMS) technology. The E-Learning Industry
site is one of the most prominent news outlets that provides instructional design and technology
(IDT) practitioners with insights into the field. Natural language processing (NLP) techniques were
implemented to extract practical knowledge of publicly available and not password-protected text
sources in seven news categories. [irst, the findings suggest emphasizing the production of online
articles related to the production of e-learning materials in terhnology—enahled environments. Second,
the results indicate the alternative uses of learning management systems to manage different aspects
of the production of e-learning materials. Third, the findings show that the Col’s main priority was
to reference existing materials in the community and external resources. The results of this study have
implications and provide recommendations for researchers, community leaders, and practitioners
toward improving knowledge discovery mechanisms, increasing transparency and integrity in
communities, and increasing practitioners’ ability to self-assess existing practical knowledge against
competencies in the field. The present study takes an inventory of the organizational knowledge
capital and functions embedded in a CoP using a CMS platform as a delivery mechanism for creating
and sharing knowledge.

Keywords: topic modeling; data mining; instructional design; online learning; knowledge manage-
ment; communities of practice

1. Introduction

Becoming an instructional designer requires formal training from curricular activities
and practical experiences from internships that are similarly borrowed from other design
fields, such as engineering and architecture [1]. Much of the literature on becoming an in-
structional designer has emphasized training methods to improve formal training. Though
the literature offers formal methods of instructional design training in the form of design
studio approaches, case studies, competitions, internships, and expert demonstrations
that address the complexity of design problems and solutions, the practical aspects of
instructional design work appear in the form of informal learning in the workplace [2-4]
and educational experiences in adult and continuing education [5].

Information Communication and Technology (ICT) tools play an important role in
supporting formal and informal learning activities through interconnected technological
ecosystems that enable individuals to learn intentionally or unintentionally through Mas-
sive Online Open Courses (MOOCs), communities of practice (CoPs), and social media
platforms [6]. Web 2.0 technologies allow individuals to create and distribute content [7].
Examples of Web 2.0 platforms are social networking sites (e.g., Facebook and LinkedIn),
blog platforms (e.g., Blogger, Reddit, and WordPress), content and learning management
systems (e.g., Drupal, Joomla, WordPress, Canvas, and Blackboard), and photo and video
platforms (e.g., Instagram and You'Tube).
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Due to the rise of ICT tools and the open-source nature of content management systems
(CMS), CoPs can deploy online communities based on Drupal, Joomla, or WordPress.
Online CoPs can deliver informal learning opportunities and resources that address the
needs and gaps of instructional designers [8]. As instructional designers expand their tacit
or practical knowledge, informal learning experiences progressively allow practitioners to
refine their skills over time. Informal learning is unplanned, unstructured, and incidental
learning beyond formal settings and is not bound to a specific place and time [9,10].
Informal learning is also influenced by the presence or absence of the intentionality and
consciousness of learning that can take place in the form of self-directed learning or implicit
learning [11]. In self-directed learning, learners attempt learning activities that are conscious
and intentional. In contrast, in implicit learning, learners are immersed in a context where
they are not consciously trying to learn the subject.

The E-Learning Industry news outlet is an example of an online CoP that offers
informal learning opportunities for learning the practical aspects of instructional design
and technology (IDT). The E-Learning Industry site is based on a CMS that uses WordPress
as a blog-publishing system to manage web content and users [12]. This online CoP has
invited practitioners to publish online articles related to practical knowledge of the field
since 23 February 2012 [13,14]. Their practical knowledge is organized into seven news
categories that represent the general organization of online articles as follows: (1) Learning
Management Systems, (2) E-Learning software, (3) E-Learning Trends, (4) Design and
Development, (5) Instructional Design, (6) Best Practices, and (7) Free Resources. According
to the website traffic report by Similarweb [15], the E-Learning Industry site attracts 389,312
unique monthly visitors, as of February 2022. The majority of the web traffic comes from
the United States, India, the Philippines, the United Kingdom, and Canada. The organic
keywords that generate free traffic to the site include learning management system, advantages
of online education, pros and cons of online learning, and forgetting curove.

Studies in the knowledge management literature examine tacit knowledge extraction
from explicit forms of knowledge in the workplace (e.g., online platforms, documents,
and e-mail communication). These studies are explored through the SECI model, where
knowledge is continuously created through socialization, externalization, combination, and
internalization [16]. First, tacit knowledge is created through a socialization process, and
its tacitness is difficult to codify into explicit knowledge. Second, tacit knowledge is exter-
nalized or articulated in symbolic language for sharing with other groups or individuals.
Third, the combination step requires applying and reorganizing explicit knowledge. Fourth,
when explicit knowledge is applied, individuals embody the knowledge as tacit through
action and reflection. This present study aims to extract tacit or practical knowledge from
explicit knowledge in text artifacts occurring at the externalization stage.

The contributions of this work include filling a gap in the IDT literature and creating a
baseline for future studies that improve the mechanisms for sharing practical knowledge in
alignment with professional competencies. First, the characteristics of practical knowledge
among IDT CoPs in virtual environments are unknown in the IDT literature. While present
studies examine instructional designers” professional development needs and roles in
academic and corporate settings, exploring sources of practical knowledge in a virtual
environment is required to understand the current knowledge structures and gaps in
instructional design knowledge. Second, this study establishes a foundation for future
studies that supports the development of intelligence and recommendation systems that
allow practitioners to make better use of online resources for skill development and to
detect misinformation about learning. The study explores the following research questions:

¢ RQ 1: What are the text characteristics, most frequent words, and word sequences
used in the online community?

¢ RQ 2: What are the characteristics of sentiment, named entities, and relationships
among entities in the online community?

e RQ 3: What are the latent topic structures in the online community?
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The rest of the article is organized as follows. Section 2 provides a literature review
and related studies. Section 3 describes the research methodology, including a thorough
description of the natural language processing (NLP) tasks performed. Section 4 describes
the results of NLP tasks organized by the research question. Section 5 contains a discussion
of results, implications for research and practice, limitations, and recommendations for
improving the CoP of interest. Finally, Section 6 concludes the article and provides the
future direction of this work.

2. Background

Four concepts are essential to consider in the context of the study. These concepts
include communities of practice, professional organizations in IDT, the characteristics and
extraction of tacit or practical knowledge from unstructured or textual data, and related
studies of online news sources using NLP.

2.1. Communities of Practice in Instructional Design

Wenger [17] coined the term communities of practice (CoP) to examine the learning
among practitioners in a social environment. Wenger and Synder [18] described CoPs as
groups of people informally gathered to share expertise in a specific domain or field as they
interact regularly. Yanchar and Hawkley [1] argued that instructional design practitioners
are willing to engage in informal learning efforts that address rapidly changing work
situations. Online CoPs provide professional connections and supporting mechanisms
with geographically dispersed members through ICT tools [19].

Schwier et al. [20] argued that instructional design CoPs are born of the convenience
that allows informal engagement to solve specific project challenges or issues. The authors
also investigated the features of instructional design CoPs in terms of history and culture,
mutuality, plurality, and tacit knowledge. They found that shared history and culture are
not prominent features in instructional design CoPs. In contrast, passive participation as a
spectator was a critical element aligned with practitioners’ agendas and community values.
In terms of mutuality, community members developed their protocols for contribution
and interaction with others. At the same time, community participation was based on the
plurality of intermediate relationships with other members (i.e., experts in the field), which
provided a wide range of considerations and solutions to learning problems.

Furthermore, Schwier et al. [21] investigated the types of agency or sense of responsi-
bility that instructional designers hold in instructional design communities, their profession,
and their respective work contexts. Interpersonal agency refers to one’s capacity to exert
control or influence the processes and outcomes of instructional design projects. Profes-
sional agency refers to the feeling of responsibility to the profession and community by
acting in a professionally competent manner. Institutional agency refers to the sense of re-
sponsibility to advance the organization’s agenda, which instructional designers represent.
Societal agency is characterized by the sense of a contribution to society through instruc-
tional design work. Instructional design communities are also knowledge repositories
where members can draw upon practical knowledge as members collectively transform
tacit knowledge into explicit forms in informal and serendipitous ways. Examples of practi-
cal knowledge include unique or creative solutions to dealing with demanding clients, job
aids or templates for applying criteria to projects, and expert advice to solve complex prob-
lems. Interestingly, the authors of [21] pointed out that healthy communities collaboratively
rely on designing solutions to complex problems.

2.2. Instructional Design Competencies

Due to the absence of a recognized accrediting body that identifies the required compe-
tencies for IDT professionals, professional organizations have developed the competencies
that define professionals” knowledge, skills, and abilities. Professional organizations use
competencies to encapsulate professional benchmarks, responsibilities, and capabilities in
different roles (e.g., training manager, evaluator, instructional designer, or instructional tech-
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nologist). These competencies come from the American Talent Development (ATD) [22], the
International Board of Standards for Training, Performance, and Instruction (IBSTPI) [23],
the Association for Educational Communications and Technology (AECT) [24], and the
International Society for Technology in Education (ISTE) [25].

2.3. Tacit Knowledge Characteristics and Extraction
Polanyi [26] initially introduced tacit knowledge with the assertion that “we know

more than we can tell” regarding individuals’ “know-how”, “working knowledge”, “exper-
tise”, or a set of abilities to perform a job that is difficult to articulate or transfer to others
explicitly. Wagner and Sternberg [27] defined tacit knowledge as work-related practical
knowledge learned informally through experience on the job, concerned with knowing
how instead of knowing what.

McAdam et al. [28] stated that tacit knowledge has technical and cognitive dimensions
that contain mental models, values, beliefs, and perceptions. Tacit cognitive knowledge
incorporates implicit mental models and perceptions that allow individuals to understand
their surroundings and tasks. Tacit technical knowledge is workers” knowledge and
abilities to perform functions that are not easily articulated. Viale and Pozzali [29] argued
that different forms of tacit knowledge could be acquired and transmitted in the form of
competencies, background knowledge, and implicit cognitive rules, as defined below:

o Tacit knowledge as a competence refers to the skills and abilities acquired through
apprenticeships and face-to-face interactions.

¢ Tacit background knowledge is the regulations, codes of conduct, and processes of
acculturation to which individuals adhere, based on their context.

o Tacit knowledge acts as a mechanism for creating new knowledge and assessing the
accuracy of information itself.

Steiger and Steiger [30] argued that tacit knowledge structures represent the implicit
mental models of individuals. Mental models are tacit, where knowledge structures inte-
grate the ideas, practices, assumptions, beliefs, relationships, facts, and misconceptions
that individuals use to perceive and interact with others [31]. The authors [30] argued that
tacit knowledge could be extracted from externalized knowledge through artificial neural
networks and decision trees that perform the cognitive mapping of decision processes. Ad-
ditionally, NLP algorithms are implemented to elicit, extract, and represent tacit knowledge
from individuals and artifacts [32-38].

2.4. NLP Studies on Online News Sources

Online news outlets play a critical role in society, as a place where readers can learn
about events, people, places, and trends. Additionally, online news outlets position them-
selves as credible information sources that provide readers with multiple perspectives on a
given subject while producing information at a tremendous speed. However, studies of
online news outlets using NLP have raised concerns about selectivity, misinformation, and
transparency, which have had cognitive consequences for readers who encountered pieces
of evidence, warrants, and claims to support persuasive written communication [39]. These
studies have also identified the lack of mechanisms to improve the credibility, inclusivity,
and fact-checking of online news articles. Ethical critiques of online news sources can iden-
tify the issues mentioned above through NLP techniques to detect the emerging contexts
and classify online articles based on a given set of features. For instance, Srivastav and
Singh [40] implemented a topic modeling approach to determine the contexts emerging
from online news categories. Shang etal. [41] developed an application for auditing the
production of published articles by detecting diversity, equity, and inclusion (DEI) indi-
cators. Fung et al. [42] created an application for detecting users’ sentiments and stances
when reacting to news articles on social media. Singh and Singh [43] used a text similarity
method to identify the issue of selectivity across various online news sources. Yu et al. [44]
proposed a transformer-based machine learning technique for NLP to detect persuasion
techniques in propagandistic news on social media. Gao et al. [45] performed supervised
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and unsupervised NLP tasks on construction-related news outlets to classify and detect
risk narratives. Jaidka et al. [46] implemented deep learning models to study persuasive
communication in editing actions from Wikipedia Talk pages and predict editorial behavior
and emotional change among contributors.

3. Materials and Methods

A total of 9033 online articles from April 2012 to September 2020 were scraped across
seven news categories. The text sources from each news category were publicly available
and required no password authentication to access the online articles. Each news category
was identified based on the sitemap of the website to avoid the duplication of articles
within and across categories. By obtaining all the links for each category, articles were
scraped to include the title and body of the article, without author information. Table 1
shows the number of scraped articles for each news category.

Table 1. Number of online articles by news category.

News Category Number of Articles
Learning Management System 927
E-Learning Software 400
E-Learning Trends 2934
Design and Development 2415
Instructional Design 1065
Best Practices 972
Free Resources 320
Total 9033

The average word and sentence lengths, word frequencies, and trigrams were gener-
ated as an exploratory step to understand the lengths of online articles, word frequencies,
and probabilities of words appearing together. A stop words dictionary was not imple-
mented in the average word and sentence lengths to count all words in the texts. In contrast,
word frequencies and trigrams required a stop words dictionary to filter extraneous fre-
quencies of common words, including articles, prepositions, pronouns, and conjunctions.
After using a stop words dictionary, sentiment analysis, entity recognition, entity relation-
ships, and topic modeling were implemented to extract sentiment polarity, pedagogical and
educational technology entities and their relationships, and emerging themes from a news
category. The remainder of this section describes the details of each NLP task performed in
the study. Table 2 lists the Python packages used in the study.

Table 2. Summary of Python packages.

NLP Task Python Package

Text characteristics Lambda functions to calculate average word and sentence lengths

Visualization Profile Report to visualize text characteristics

Sentiment analysis TextBlob

Trigrams NLTK

NER spaCy

Topic modeling Gensim for Latent Dirichlet Allocation and BERTopic (stsb-bert-large pre-trained model)

To address the first research question, the average word and sentence lengths of the
online articles were generated using the lambda functions to explore text characteristics
without filtering out stop words to account for all words. The generated features for each
news category were visualized in the Profile Report package [47]. Additionally, word
frequencies were visualized with the WordCloud package to identify prominent words
in each news category [48]. Word frequencies were obtained after performing NLP tasks
for cleaning, normalizing, and parsing using the Natural Language Toolkit (NLTK) by
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performing lower casing, tokenization, stop word removal, lemmatization, stemming, and
tagging parts-of-speech (POS). Though there is no consensus on using a standard stop word
dictionary, the removal of stop words from textual data is a typical pre-processing step to
remove noise or low-level information and reduce training time and dimensionality from
uninformative words [49,50]. This study implemented the stop word English dictionary,
Wordnet Lemmatizer, SnowBall Stemmer, and POS tagger libraries in NLTK. The NLTK
n-gram language model package was implemented to create the probabilities of contiguous
words in trigrams [51]. The most frequent trigrams were reported to illustrate word
sequences in order to explore the context of the words.

To address the second research question, this study employed sentiment analysis,
entity recognition, and entity relationships approaches. The TextBlob package was im-
plemented for sentiment analysis to identify positive, neutral, and negative attitudes in
the texts [52]. Online articles were classified as positive (1), neutral (0), and negative (—1).
The spaCy package was implemented for the named entity recognition (NER) tasks to
extract the names of people, places, organizations, and geographic locations [53]. Once
entities were extracted, subject-object relationships emerged as entity pairs, allowing an
understanding of how entities were referenced. These entity pairs consisted of the source
and target entities linked by edge entities that defined the relationships among the entities.

In the third research question, the Latent Dirichlet Allocation (LDA) and BERTopic
packages were used for topic modeling to discover latent topic patterns in each news
category. In the first two rounds of topic modeling using LDA, the LDA topic modeling
algorithm in the Gensim library generated word representations and probabilities using
the bag-of-words (BoW) and Term Frequency-Inverse Document Frequency (TF-IDF) to
predict emerging topic patterns in online articles from each news category [54]. The third
model used sentence transformers with the BERTopic library using a class-based TE-IDF
(c-TF-IDF) [55,56].

The LDA algorithm required a specific parameter for determining the exact number of
topics that the algorithm used to achieve distinct and coherent topics. The ideal number
of topics (n_topics) was achieved by running the LDA several times with multiple topic
parameters from 2 to 20 until the elbow method achieved the highest coherence or C_v
value. LDA also required parameters for the Dirichlet hyperparameter alpha for document-
topic density and Dirichlet hyperparameter beta for word—topic density. The alpha and beta
parameters were set to ‘auto,” allowing the LDA algorithm to estimate the document-topic
and word-topic densities automatically. With the BoW model, the TF-IDF model was
generated to measure the importance of words against the whole corpus in the category. TF-
IDF generated features or classes based on the term frequency of words and their weights
in a document compared with their frequencies across all documents within a category.

In the third model, the BERTopic used sentence transformers and c-TF-IDF to calculate
words’ left and right contexts, generating clusters for topic interpretation. In ¢-TE-IDEF, text
sources are treated as a single class. Then, the frequency of each word was extracted and
divided by the total number of words and documents across all classes. With BERTopic,
the pre-trained sentence transformer model (stsh-bert-large) was implemented to identify
semantic textual similarity by reducing dimensionality with the Uniform Manifold Ap-
proximation and Projection for Dimension Reduction technique (UMAP) and clustering
sentence embeddings with the HDBSCAN algorithm [55].

Chang et al. [57] argued that there is no gold standard for evaluating topic models.
Semantically coherent topics were examined through human judgment and quantitative
approaches. Chang et al. [57] proposed evaluating topic model outputs using two methods,
including topic and word intrusion methods. Regarding topic intrusion, discovered topics
were evaluated based on whether the topic model’s decomposition of the text sources
agreed with human judgment based on domain expertise. In addition, a topic model was
examined in terms of word intrusion by observing the words inserted in a topic model that
did not provide semantic coherence or coherent meaning.
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The semantic coherence values of topic models were also assessed quantitatively by
obtaining semantic coherence measures, or C_v values. Semantic coherence measures
describe how often topic words appear together in the corpus [58]. Table 3 summarizes the
C_v values and the parameters for the ideal number of topics that resulted in semantically
coherent topic models for each news category.

Table 3. C_v values and number of topics parameter for the LDA algorithm.

News Category Cuwo N_Topics Parameter
1. Learning Management System 0.488 7
2. E-Learning Software 0437 4
3. E-Learning Trends 0.465 3
4. Design and Development 0.377 9
5. Instructional Design 0.438 5
6. Best Practices 0.422 3
7. Free Resources 0.356 10
Ethical Considerations

Even though web scraping is still a relatively new and emerging practice, Krotow
and Silva [59] argued that ethical issues are associated with the automatic extraction of
information. According to the authors, web scraping brings forth five ethical considera-
tions: individual privacy and the rights of research participants, discrimination and bias,
organization privacy, diminishing organizational value, and impacts on decision making.
Even though web scraping involves ethical hurdles for academic researchers, and the
Terms of Service (TOS) explicitly prohibit web scraping and the crawling of their platforms,
Mancosu and Vegetti [60] noted that scraping public information from online platforms
may be safe for researchers because research on social media serves the public interest.
Additionally, Catanese et al. [61] argued that TOS is designed to disrupt the status quo by
enforcing behavioral and technical limitations to web scraping.

While technology plays a critical role in sustaining knowledge creation and sharing,
technology can have negative consequences when comparing several online CoPs because
of the lack of anonymity and privacy, which leads to the unintended identification of
users (e.g., searching for articles or posts on their platforms) who choose to participate in
communities. For this particular reason, any identifiable information (i.e., links to articles
and authorship) was deleted to ensure the anonymity and privacy of authors from the
e-learning news outlet. Text sources are not publicly available to prevent plagiarism and to
protect the community’s organizational knowledge [62].

4, Results

4.1. RQ1: What Are the Text Characteristics, Most Frequent Words, and Word Sequences Used in
the Online Community?

4.1.1. Text Characteristics

The below text characteristics accounted for all words in online articles without
filtering stop words. In the Learning Management System category, the average word
count was 1214.37 words, and the average sentence count was 58.75 sentences. The E-
Learning Software category contained an average word count of 946.00 words and an
average sentence count of 51.50 sentences. In the E-Learning Trends category, the average
word count was 690.35 words, and the average sentence count was 37.51 sentences. The
Design and Development category contained an average word count of 661.33 words and
an average sentence count of 35.88 sentences. The Instructional Design category had an
average word count of 681.25 words and an average sentence count of 36.76 sentences. In
the Best Practices category, the average word count was 670.81 words, and the average
sentence count was 36.68 sentences. In the Free Resources category, the average word count
was 523.19 words, and the average sentence count was 28.25 sentences. The word and
sentence length distributions are reported in Figure 1.
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Figure 1. Distributions of the word and sentence lengths in each news category: (a) Learning
Management System avg. word length; (b) Learning Management Systems avg. sentence length;
(¢) E-Learning Software avg. word length; (d) E-Learning Software avg. sentence length; (e) E-
Learning Trends avg. word length; (f) E-Learning Trends avg. sentence length; (g) Design and
Development avg. word length; (h) Design and Development avg. sentence length; (i) Instructional
Design avg. word length; (j) Instructional Design avg. sentence length; (k) Best Practices avg.
word length; (1) Best Practices avg. sentence length; (m) Free Resources avg. word length; (n) Free
Resources avg. sentence length.
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4.1.2. Word Frequencies

After performing text processing and using a stop words dictionary, the most frequent
words from the online articles emerged as unique tokens or words that were the most
representative of the category. Based on the size of the dictionary after removing stop
words, the following list ranks the number of unique words found in each category in
descending order:

Category 3: E-Learning Trends (36,321 words);

Category 4: Design and Development (30,808 words);
Category 5: Instructional Design (19,615 words);

Category 6: Best Practices (19,102 words);

Category 1: Learning Management System (17,580 words);
Category 2: E-Learning Software (11,325 words);
Category 7: Free Resources (9481 words).

8 OG0 (o

In first place, the E-Learning Trends category had the largest dictionary, and the three
most frequent words were learner (7360), need (5958), and use (5122). In second place, the
three most frequent words in the Design and Development category were learner (6269),
need (5355), and elearning course (4976). In third place, the three most frequent words in
the Instructional Design category were learner (2858), learning (2310), and need (2115). In
fourth place, the three most frequent words in the Best Practices category were learner
(2642), student (2588), and course (2107). In fifth place, the three most frequent words in
the Learning Management System category were need (4799), Ims (4699), and will (3356).
In sixth place, the three most frequent words in the E-Learning Software category were
need (1514), online training (1468), and Ims (1465). In seventh place, the three most frequent
words in the Free Resources category were elearning (678), learning (648), and will (590).
Figure 2 shows the word cloud visualizations that represent word frequencies.
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Figure 2. Most frequent words in each news category: (a) Learning Management System; (b) E-
Learning Software (¢) E-Learning Trends; (d) Design and Development; (e) Instructional Design;
(f) Best Practices; (g) I'ree Resources.
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4.1.3. N-Grams

In the Learning Management System category, the most frequent trigrams were related
to using learning management systems for tracking and managing time, running a small
business, and being easy to implement and maintain. In the E-Learning Software category,
the most frequent trigrams were related to rapid prototyping, the implementation of
platforms in corporate settings, and custom e-learning development materials. In the E-
Learning Trends category, the trigrams described instructional design theories and models,
responsive LMS solutions, and support for mobile learning. In the fourth category, Design
and Development, the trigrams suggested rapid e-learning authoring tools and extending
LMS functionality with JavaScript and HTML code snippets. In the Instructional Design
category, the most frequent trigrams were associated with instructional design models,
theories and history, the discussion of alternative instructional design models, and graduate
certificates in instructional design. In the sixth category, Best Practices, the most frequently
occurring trigrams were related to professional guides in instructional design practice. In
the last category, Free Resources, the trigrams were related to e-learning and educational
technology tool tutorials and free resources. Table 4 summarizes the trigrams and their
frequencies in each news category.

Table 4. Top 10 trigram frequencies in each category.

News Category Trigram Frequency
[learning management system] 1511
[online training course] 407
[extended enterprise Ims] 313
[running a small business] 293
. [help free tool] 291
Learning Management System i r’:t éfl:ase help free] 201
[manage team visit] 291
[business never harder] 291
[time manage team) 291
[make work easier) 291
[elearning authoring tool] 406
[learning management system] 319
[online training course] 283
[online training content] 169
g [online training software) 163
Elicarning Software [employee truir%ngfioﬁware] 163
[online training resource] 104
[Ims training company] 94
[employee training participant] 87
[value money Ims] 82
[learning management system] 609
[online training course] 319
[subject matter expert] 255
[instructional design model] 252
. [mobile learning strategy] 209
Bl eaming Tiends [online fminingg resourgg} 207
[mobile learning solution) 192
[elearning authoring tool] 189
[elearning course design] 169
[online training program] 147
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Table 4. Cont.

News Category Trigram Frequency

[learning management system] 409

[online training course] 381
[elearning authoring tool] 336

[elearning course design] 321
y [subject matter expert] 275
Desigreand:Developmient [onlzj'ne training reiourw] 192
[elearning content development] 181
[elearning content provider] 169
[online training content] 156

[online training program) 119
[instructional design model] 252
[subject matter expert] 180
[online training course] 132

[elearning course design] 119
y . [design model theory] 114
Tastouctional Design [leun%?ng managem'Znt system) 107
[learning battle card] 85

[online learner able] 71

[give online learner] 69

[elearning authoring tool] 61

[learning management system] 143

[online training resource] 92

[elearning course design] 90

[online training course] 90

i [elearning authoring tool] 90

Best Practices [subject rgutter expegrt] 65
[online training content] 55

[curated elearning content] 50

[online training program) 49

[elearning content curation] 47

[learning management system] 49

[free video tutorial] 36

[elearning course design] 33

[elearning infographic template] 29

[camstasia studio 8] 28

FreeResoiitces [top elearning blog] 27
[adobe captivate 7] 22

[elearning authoring tool] 21

[free moodle video] 20

[mobile apps learning] 18

4.2. RQ2: What Are the Characteristics of Sentiment, Named Entities, and Relationships among
Entities in the Online Community?

4.2.1. Sentiment

The majority of online articles had a positive sentiment across all categories. However,
a few articles had neutral and negative sentiments, in all news categories except the
Learning Management System category. Table 5 summarizes the sentiment distributions

for each news category.
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Table 5. Sentiment distribution of articles.

News Category Positive Neutral Negative Total
Learning Management System 927 0 0 927
E-Learning Software 399 0 1 400
E-Learning Trends 2908 10 16 2934
Design and Development 2404 B 6 2415
Instructional Design 1061 0 4 1065
Best Practices 964 3 5 972
Free Resources 318 1 1 320
Total 8981 19 33 9033

4.2.2. Recognized Entities

After performing entity recognition with spaCy, the recognized entities emerged as
pedagogical and educational technology entities. Figure 3 shows the distributions of the
most frequent entities by news category. Based on the entities recognized, the following list
ranks the news category in descending order:

Category 3: E-Learning Trends (58,606 entities);

Category 4: Design and Development (50,326 entities);
Category 1: Learning Management System (35,747 entities);
Category 5: Instructional Design (24,097 entities);

Category 6: Best Practices (18,944 entities);

Category 2: E-Learning Software (12,562 entities);
Category 7: Free Resources (6939 entities).

M Oy on b IR

In first place, the most frequently recognized entities in the E-Learning Trends cate-
gory were eLearning (9128), LMS (1809), Instructional Design (823), L&D (679), Instructional
Designers (432), mLearning (256), ADDIE (206), YouTube (183), Learning Management System
(173), an Instructional Designer (134), Learning Management Systems (119), and Instructional
Designer (93). Regarding concepts, frameworks, theories, technologies, and practitioners,
less frequent entities were found as follows: xAPI (40), Bloom (36), Gardner (24), Pavlov (29),
Hermann Ebbinghaus (20), Kirkpatrick (19), Connie Malamed (16), Michael Allen (15), Reusable
Learning Objects (14), Knowles (13), Gagne (11), and Kolb (10).

In second place, the most frequently recognized entities in the Design and Develop-
ment category were eLearning (15,674), LMS (719), L&D (581), Power Point (258), Instructional
Design (241), eBook (237), Instructional Designers (200), Elucidat (123), YouTube (110), SCORM
(109), HTMLS5 (98), and Learning Management System (89). Less frequent entities were identi-
fied among concepts, frameworks, technologies, and theories as follows: Flash (72), ADDIE
(61), Project Management (55), Camtasia (51), Bloom (32), Reusable Learning Objects (28), and
Instructional Design (20).

In third place, the most frequently recognized entities in the Learning Management
System category were LMS (10,225), eLearning (1696), Moodle (466), L&D (462), Learning
Management System (342), Learning Management Systems (246), eCommerce (123), SME (115),
a Learning Management System (113), CMS (107), eBook (105), and the Learning Management
System (91). Less frequent entities were Section 508 (2) and WCAG 2.0 (2), referring to
concepts, frameworks, and theories related to instructional design.

In fourth place, the most frequently recognized entities in the Instructional Design
category were eLearning (4494), Instructional Design (760), Instructional Designers (337), AD-
DIE (200), LMS (165), L&D (161), an Instructional Designer (123), eBook (85), the Instructional
Designer (83), Instructional Designer (82), SME (64), and Design Thinking (39). Less frequent
entities in the Instructional Design category were related to models, concepts, and theories,
including SAM (34), Bloom (32), Project Management (30), Pavlov (28), Merrill (26), Malcolm
Knowles (17), Sweller (15), Dick & Carey (15), Reusable Learning Objects (14), Skinner (12),
Cognitive Apprenticeship Model (12), Howard Gardner (11), Herman Ebbinghaus (11), Vygotsky
(11), Rapid Prototyping (9), Elaboration Theory (4), The Agile Manifesto (3), Cognitive Load
Theory (3), The Spiral Model (3), T-Shaped Learning Design Interest Approach (2), Nine Events of
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Instruction (2), ARCS model of Motivation (2), Collaborative Learning Approach (2), Discovery
Learning Model (2), AGES Model (2), and Basic Action Workflow (2).

In fifth place, the most frequently recognized entities in the Best Practices category were
eLearning (4717), LMS (409), PowerPoint (89), L&D (80), Instructional Design (67), YouTube
(60), Instructional Designers (56), eBook (48), Learning Management System (40), Elucidat (37),
eLearners (34), and PDF (32). Regarding models, concepts, and theories, less frequent
entities were identified, as follows: Principles of Effective Online Pedagogy (2), The Importance
Of Meaningful Online Feedback (2), Active Learning (2), Bernard (2), Instructional Design Model
(1), Section 508 (1), and American Disabilities Act (1).

In sixth place, the most frequently recognized entities in the E-Learning Software
category were LMS (2329), eLearning (1361), L&D (150), Al (106), SCORM (89), Learning
Management System (66), Learning Management Systems (63), eBook (52), eCommerce (50),
Mobile (38), EdTech (37), and the Learning Management System (36). Less frequent entities
in this category involved JIT (just in time, 33), LXP (lcarning experience platform, 21),
¢Books (17), ADDIE Model (1), Section 508 (3), Universal Design for Learning (1), and Learning
Methods (1). The ebooks were related to corporate training, new employee onboarding, and
the branding of online courses.

In seventh place, the most frequently recognized entities in the Free Resources category
were eLearning (1414), LMS (119), eBook (63), L&D (59), Adobe Captivate (26), Instructional
Design (25), PowerPoint (24), eLearning Infographics (23), eLearning Industry (22), Mobile
(21), Camtasia (21), and Learning Management Systems (19). In this particular category, less
frequent entities were Docebo (16), eBooks (15), Adobe Captivate (14), Blackboard (8), Camtasia
Studio (7), Vidopop (7), Kallidus (6), Snagit (6), Docebo (5), and Nine Events of Instruction
(1). In this category, the ebooks offered different topics related to managing learning
objects, vendors for learning technologies, free infographic tools, and how to become an
instructional designer.
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Figure 3. Most recognized entities in each news category: (a) Learning Management System;
(b) E-Learning Software (¢) E-Learning Trends; (d) Design and Development; (e) Instructional Design;
(f) Best Practices; (g) Free Resources.
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4.2.3. Entity Relationships

Prominent relationships between entities were extracted when community members
used specific words to describe pedagogical and educational technology entities. The words
used to define the relationships between entities identified how the community described
the context of pedagogical and educational technology elements in the online articles.
Table 6 summarizes the 10 most frequent entity relationships for each news category. Based
on the entity relationships recognized, the following list ranks the news categories in
descending order:

Category 3: E-Learning Trends (1326 entity relationships);

Category 4: Design and Development (1174 entity relationships);
Category 6: Best Practices (626 entity relationships);

Category 5: Instructional Design (611 entity relationships);

Category 2: E-Learning Software (300 entity relationships);
Category 7: Free Resources (236 entity relationships);

Category 1: Learning Management System (213 entity relationships).

BN ION G (ihiod B9 e

In first place, the E-Learning Trends category had 1326 entity relationships that demon-
strated the ease of use of learning management systems (e.g., Talent LMS, Administrate)
for deploying online courses aimed at users with zero experience, using simple interfaces.
In second place, the Design and Development category identified 1174 entity relationships
that emphasized strategies and tips for developing effective e-learning (e.g., learner en-
gagement and motivation strategies), the formative assessment of online courses, and free
media resources.

In third place, the Best Practices category contained 626 entity relationships that
suggested project management strategies for e-learning development, instructional strate-
gies (e.g., gamification and avatars), effective feedback to learners, and the creation of
high-quality images. In fourth place, the Instructional Design category had 611 entity
relationships that suggested creating memorable e-learning experiences and incorporating
learning theories in e-learning development (e.g., cognitive load multimedia learning, adult
learning, active learning, and Ebbinghaus’ forgetting curve).

In fifth place, the E-Learning Software category identified 300 entity relationships that
suggested several aspects of learning management systems for training, reporting, aligning
e-learning materials with business goals, and licensing software options. In sixth place,
the Free Resources category contained 236 entity relationships that offered free Web 2.0
resources, free stock photo libraries, and webinar and conference resources. In seventh
place, the Learning Management System category had 213 entity relationships, including
reviews of learning management systems (e.g., Talent LMS, ShareKowledge, Administrate),
administrative and learner features, and implementation costs for organizations.

Table 6. Top 10 most frequent entity relationships and frequencies by news category.

News Category Entity Frequency

website 509

read 67

published 35

want 14

G captivate prime 12
Learning Management System P mean,s) 3
Sfeatures 6

allow 5

help B
take free 5
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Table 6. Cont.

News Category Entity Frequency
studio 8
references 6
costs 5
se 4
3 features 4
E-Learning Software take 4
conclusion 4
need 2
help 3
halfpoint 2
read 77
need 25
used 24
want 22
’ check 21
E-Learning Trends b 21
help 21
leave 20
studio 20
Sfind 18
read 107
use 33
help 27
Sfind 23
; take 20
Design and Development ks 19
create 18
need 15
professional 15
keep 15
read 41
leave 12
used 11
think 9
Instructional Design C;lffl;k g
images 8
offer instructional 8
know Z
learning 7
read 35
use 13
images 12
help 11
Best Practices Ao o
want 8
studio 8
learn 7
let 74
Sfind 7
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Table 6. Cont.

News Category Entity Frequency
join free 6
use
visit
find
help
read
missed free
captivate
see
want

Free Resources

SN N N A N N e

4.3. RQ3: What Are the Latent Topic Structures in the Online Community?

Across all news categories, the BoW topic models had better topic interpretation
than the TE-IDF models, based on the subject matter and higher probabilities of topic
distributions. The BoW and sentence transformer topic models are described below by
news category.

4.3.1. Category 1: Learning Management System

In the topic models using the BoW and sentence transformers, the Learning Manage-
ment System category showed seven emerging topics related to custom training develop-
ment, platform implementation costs and experiences, and the various uses of platforms
for employee onboarding, online compliance training, and user and content management.
Table 7 summarizes the BoW and sentence transformer topic models for the category.

Table 7. Emerging topic patterns for the Learning Management System category.

Topic Bag-of-Words Sentence Transformers
Topicl Employee Onboarding Employee Training
Topic2 Custom Online Training Online Compliance Training
Topic3 LMS Requirements LMS User and Content Management
Topic 4 Online Compliance Training LMS Implementation
Topic5 LMS Implementation Employee Training
Topicé Employee Training LMS Implementation
Topic7 LMS User and Content Management Online Employee Training Costs

4.3.2. Category 2: E-Learning Software

In the BoW topic model, four topics were related to the various uses of e-learning
development for employee onboarding, language acquisition courses, online compliance
training, and e-learning software reviews. In the sentence transformer topic model, eight
topic models were associated with platform use in various settings (e.g., K-12 and corpo-
rate), organizational goals (e.g., compliance and education), mobile learning support, user
and content management, and platform requirements. Table 8 summarizes the BoW and
sentence transformer topic models for the category.

Table 8. Emerging topic patterns for the E-Learing Software category.

Topic Bag-of-Words Sentence Transformers
Topic 1 Language Courses LMS Requirements

Topic2 Employee Onboarding Employee Onboarding

Topic3 Online Compliance Training Technology in Educational Settings
Topic4 E-Learning Authoring Tools LMS in Corporate Settings

Topic5 Technology in Educational Settings
Topic 6 LMS User and Content Management
Topic7 Mobile Learning

Topic8 E-Learning Authoring Tools
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4.3.3. Category 3: E-Learning Trends

In the BoW topic model, three topic models described gamification, e-learning de-
velopment, and mobile learning. Interestingly, the sentence transformer topic model
generated 27 emerging topics. Five topics displayed the highest probability, including the
instructional design process, microlearning, new employee onboarding, social media for
collaboration and networking, and learning theories. Table 9 summarizes the BoW and
sentence transformer topic models for the category.

Table 9. Emerging topic pattemns for the E-Leaming Trends category.

Topic Bag-of-Words Sentence Transformers
Topicl Gamification Instructional Design Process
Topic2 E-Learning Development Microlearning
Topic3 Mobile Learning Collaboration and Networking
Topic4 Employee Onboarding
Topic5 Learning Theories

4.3.4. Category 4: Design and Development

In the BoW topic model, nine emerging topics were related to the assessment and
various processes of e-learning and employee training development, including mobile
learning, e-learning templates, e-learning examples, engagement strategies, the translation
of courses, and voiceover recording. The sentence transformer topic model showed six
topics related to educational animation, learning objectives development, the translation of
courses, learning theories, assessment, and voiceover recording. Table 10 summarizes the
BoW and sentence transformer topic models for the category.

Table 10. Emerging topic patterns for the Design and Development category.

Topic Bag-of-Words Sentence Transformers
Topic 1 Mobile Learning Educational Animation
Topic2 E-Learning Development Course Translation
Topic3 E-Learning Templates Assessment
Topic4 Employee Training Voiceover
Topic5 Voiceover Learning Theories
Topic 6 E-Learning Examples Learning Objectives
Topic7 Engaging E-Learning
Topic8 Course Translation
Topic9 Assessment

4.3.5. Category 5: Instructional Design

In the BoW topic model, two out of five similar topics were related to e-learning devel-
opment, whereas the remainder were related to estimating time for e-learning development,
employee training, and learning theories. The sentence transformer topic model generated
11 topics. Only six contained the highest probabilities, including e-learning development,
learning theories, adult learning, instructional video development, user interface design,
and instructional design jobs. Table 11 summarizes the BoW and sentence transformer
topic models for the category.

Table 11. Emerging topic patterns for the Instructional Design category.

Topic Bag-of-Words Sentence Transformers
Topicl Estimate Development Time E-Learning Development
Topic2 Employee Training Learning Theories
Topic3 E-Learning Development Adult Learning
Topic4 E-Learning Development Video Development
Topic5 Learning Theories User Interface Design
Topic 6 Instructional Design Jobs
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4.3.6. Category 6: Best Practices

The BoW topic model described three emerging topics, with two similar topics relating
to e-learning development, and one topic related to the translation of courses. In the
sentence transformer topic model, four topics contained online learning, the development
of language courses, student feedback, and instructional video development. Table 12
summarizes the BoW and sentence transformer topic models for the category.

Table 12. Emerging topic patterns for the Best Practices category.

Topic Bag-of-Words Sentence Transformers
Topic 1 E-Learning Development Online Learning
Topic 2 Course Translation Language Courses
Topic 3 E-Learning Development Student Feedback
Topic 4 Video Development

4.3.7. Category 7: Free Resources

The BoW topic model showed 10 emerging topics related to different aspects of e-
learning development (e.g., image and video editing, storyboarding), online resources
(e.g., online webinars, image resources, and professional development opportunities), and
e-learning authoring tips (e.g., Adobe Captivate and Camtasia). In the sentence transformer
topic model, four emerging topics described online training resources, tips for e-learning
authoring tools, e-learning development resources, and mobile apps. Table 13 summarizes
the BoW and sentence transformer topic models for the category.

Table 13. Emerging topic patterns for the Free Resources category.

Topic Bag-of-Words Sentence Transformers
Topic 1 Multimedia Resources Training Resources
Topic 2 Video Development Adobe and Camtasia
Topic 3 Adobe Captivate Infographic Resources
Topic 4 Employee Training Apps
Topic 5 Storyboarding
Topic 6 Professional Development
Topic7 Infographics
Topic 8 Webinars
Topic 9 Multimedia Resources
Topic 10 Multimedia Resources

5. Discussion

CMSs facilitate the creation and dissemination of knowledge. As a blog-publishing
platform, the e-learning news outlet acts as a crowdsourcing mechanism for producing
and managing online articles. The online articles from this CoP offer practitioners informal
learning opportunities with easy-to-read online articles. Online articles in the Free Re-
sources category had the shortest average word count of 523.19. In contrast, online articles
in the Learning Management System and E-Learning Software categories had the highest
average word counts of 1214.37 and 946, respectively. Online articles in the five remaining
news categories had an average word count between 523.19 and 690.35. Although online
articles in the Learning Management System and E-Learning Software categories were
longer, this community of practice may require the writing of persuasive online articles
to support educational technology vendors and recommendations. As Chambliss and
Garner [39] stated, crafting convincing messaging requires three essential pieces, including
the evidence, claim, and warrant, in order to sustain persuasive written communication in
support of the author’s arguments and lead to changed beliefs.

Though practitioners can submit online articles, the site did not describe the editing
and review processes behind selecting credible sources of information. Interestingly, the
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sentiment distribution of online articles indicated that most articles across the categories
were positive. Only a few online articles had neutral and negative sentiments across six
news categories, except the Learning Management System category. Positive online articles
may be written persuasively to convince instructional designers and e-learning developers
to adopt certain pedagogical practices and educational technology tools. Chambliss and
Garner [39] argued that readers could change their beliefs while reading a persuasive
text. Still, readers tended to revert to old ideas consistent with past experiences and
background knowledge.

Regarding e-learning, this IDT community may have carefully crafted online articles
in a positive tone that attract newly minted and accidental practitioners who are more
willing to accept pedagogical and technical advice than experienced practitioners. Acevedo
and Roque [63] argued that the instructional design field is at risk of deprofessionaliza-
tion, resulting in non-experts becoming practitioners who prioritize online courseware
production over learning theory, instructional design models, and pedagogy. Non-experts
are practitioners who landed in instructional design and e-learning development roles,
with the job of training others in the organization, without formal training [64]. While the
E-Learning Industry site emphasizes the production of e-learning materials in their online
articles, this CoP needs to associate technology-related articles with the instructional design
news category. This way, practitioners of different professional backgrounds have the
necessary pedagogical foundations to support technology-enabled learning environments
and combat misconceptions about learning (e.g., learning styles).

5.1. Priorities of the Online CoP

The knowledge-production capability of this IDT community showcases the sense
of responsibility (i.e., professional agency) to practitioners who access the site’s resources
by offering recommendations, evaluations, and reports that support the pedagogical and
educational technology aspects of instructional design practice. The word frequencies
emphasized learning management systems as a critical medium for managing and deliv-
ering e-learning courses to learners, students, or employees for online onboarding, skill
development, and compliance reasons. The findings also suggested that the words need,
Ims, and learner were present across the seven categories with various degrees of frequency.

By observing the trigrams generated from each category, the findings point out the
priorities of this online community. The use of learning management systems and online
training courses was present across the seven news categories. Furthermore, the trigrams
in the Learning Management System category showed the alternative uses of platforms
for running e-learning shops as small businesses and managing e-learning development
time. The trigrams in the E-Learning Software category emphasized the rapid development
of online experiences, the integration of courses in learning management systems, and
implementation costs. The trigrams in the E-Learning Trends category were characterized
by authoring online training courses or training for mobile devices. The trigrams in
the Instructional Design category were related to instructional design models, working
with subject matter experts, e-learning course design processes, and gamified tools (e.g.,
learning battle cards) for learning instructional design and e-learning. The trigrams in
the Best Practices category had a mix of overlapping trigrams from the first five news
categories. The trigrams in the Free Resources category involved tutorials and templates
to support practitioners with e-learning authoring tools (e.g., Camtasia, Captivate, and
Mocdle) and mobile apps.

Furthermore, the most frequently recognized entities were eLearning, LMS, and L&D
(Learning and Development) across the seven categories. The predominant entity relation-
ships were found in educational technology tools and e-learning platforms. The word read
was the most common entity that tied educational technology and pedagogical entities
across all categories, except the E-Learning Software and Free Resources categories. The
entity relationships for read suggested that the authors of the articles tended to make refer-
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ences to existing materials in the community or pointed to external resources (e.g., blog
posts, research articles, and vendors).

5.2. E-Learning Materials Production as the Purpose of the Community

Based on the findings, the topic models suggested emphasizing the production of
e-learning materials as the main purpose of the online community. In the Learning Manage-
mentand E-Learning Software categories, most topic structures suggested the use of cases
involved in training and the implementation of learning management systems and the
authoring of online courses on platforms. In the E-Learning Trends category, topic models
suggested a few instructional strategies, including gamification, social learning, and mobile
learning. In the Design and Development category, the topic models emphasized e-learning
development templates for online training, interactivity in e-learning (e.g., voice-over and
animation), and the assessment of learners. In the Instructional Design category, most topic
models were similar to those of the Design and Development category. A few topics in
instructional design theories and user interface design were also present in the Instructional
Design category. In the Best Practices category, the topic models were closely related to
the Learning Management System and Design and Development categories. The Free Re-
sources category had the highest number of topic models related to resources that support
specific technical aspects of e-learning development.

5.3. Implications for Research and Practice

The results of the study have implications for researchers, practitioners, and leaders of
online communities of practice. The findings of this study highlight the need to understand
how professional competencies align with the community’s practical knowledge based
on the discovered topic models and pedagogical and educational technology entities.
Further investigation of how practical knowledge in e-learning materials production is
applied or transferred to practitioners” work contexts is required. Besides studying the
learning transfer of informal learning opportunities, the quality of practical knowledge
from the community needs to be further investigated to understand the inner workings
and dynamics of the community’s knowledge-production capabilities.

The findings suggest the need for practitioners to better understand how their self-
conscious learning efforts integrate with their existing knowledge, skills, and abilities.
Though this community is focused on the technical aspects of the production of e-learning
materials, practitioners need to self-assess their personal knowledge-management capa-
bilities to explore the required tacit cognitive knowledge (e.g., learning theories) required
for integrating learning experiences in technology-enabled settings. The findings were
mainly in line with those of North et al. [65]. The researchers showed that job postings in
instructional design emphasized online training technology application and production. In
contrast, capabilities in knowledge management, lifelong learning, and business insight
received less attention.

As practitioners seek informal learning opportunities, leaders of online communities
of practice can benefit from the findings by understanding the current capabilities for
producing and sharing knowledge. Furthermore, leaders of these communities can assess
their current organizational knowledge and competencies to provide additional informal
learning opportunities in the learning sciences. Community leaders can also use the
findings to develop mechanisms for improving the navigation and alignment of produced
knowledge for instructional design competencies. In return, practitioners can evaluate their
knowledge, skills, and abilities against the expectations and competencies of the profession.

5.4. Recommendations

Though the representation of practical knowledge was modeled using NLP, the inner
workings of how the community selects and reviews online articles could not be observed.
Four recommendations are necessary to sustain online communities and promote member
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participation by increasing transparency, aligning with competencies, reusing knowledge,
and establishing clear boundaries.

While practitioners can submit online articles to the online community, the first recom-
mendation is to make submission and review requirements visible in the community by
establishing a rubric to control contribution quality. The second recommendation involves
providing members with mechanisms to align online articles with instructional design
competencies. By providing such mechanisms, members are better positioned to self-assess
knowledge, skills, and abilities. Due to the wealth of resources across several news cat-
egories, the third recommendation is to allow community members to browse related
content across news categories. While the organizational scheme is useful for organizing
online articles, members should be able to cross-check information across the categories to
understand the different aspects of the profession. For example, when reviewing online
articles related to the production of e-learning materials, members are presented with
related content on how to support learner engagement and assessment. The fourth rec-
ommendation is to establish clear boundaries that reject self-serving online articles that
deter productive participation, and that genuinely advance the field of instructional design.
At the same time, community members can observe how the community behaves with
integrity, especially new members participating on the periphery.

5.5. Limitations

The present study was not without limitations. While online articles contained videos
and links to external resources, these online artifacts were not analyzed because they were
hosted outside of the online community. Additionally, e-books and guides created by
the community were not analyzed because these were referenced in the Free Resources
category. Additionally, users’ comments on articles were not extracted because these were
not present across all online articles. A significant amount of tacit knowledge was contained
in these external resources, but they were not analyzed due to time constraints and the
additional processing time required to model additional data.

6. Conclusions

This study aimed to identify the tacit knowledge from an e-learning news outlet called
elearningindustry.com. Practitioners were invited to write online articles under multiple
categories. The E-Learning news outlet relies on a CMS where online articles are deployed
under different categories and approved by community administrators. By examining the
codified, or explicit knowledge, from online news articles, the study aimed to quantify
the organizational knowledge capital of the community, the types of tacit knowledge, and
the hidden topic structures present in each news category. The quantification of practical
knowledge shows the knowledge-creation capabilities and priorities of this CoP. The
findings suggest that most topics were related to tacit technical knowledge of the production
of e-learning materials. Though tacit technical knowledge was prevalent, tacit cognitive
knowledge was present to a lesser degree. The findings provide evidence of the types of
practical knowledge that practitioners may use for their informal learning endeavors across
several industries. The results offer topic-organization schemes to leaders of CoPs, in order
to enhance practitioners” abilities to self-assess and organize their practical knowledge.

The future direction of this research involves an investigation of the emerging patterns
of practical knowledge by the type of sentiment, in order to uncover the challenging
aspects of instructional practice. Additionally, the findings of this study enable the future
development of ontologies and taxonomies to classify types of practical knowledge (i.e.,
cognitive and technical) and make distinctions between pedagogical and educational
technology entities, which can be applied to assess the practical knowledge present in other
online CoPs.
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Q ABSTRACT Instructional design and technology (IDT) professionals participate in communities of practice
(CoPs) on Facebook to seck pedagogical and educational technology advice for solving instructional design
(ID) problems. Much of the IDT literature has focused on formal educational environments and not on
nonformal settings outside the classroom and beyond formal education. Further analysis of tacit or practical
knowledge exchanged among community members is required to understand the purpose, functions, and
organizational knowledge capital in online CoPs. To fill this gap, this study uses natural language processing
(NLP) to analyze the practical knowledge of 6,066 anonymized users’ posts from four large public IDT
CoPs on Facebook from September 2017 to September 2020 after cleaning the dataset. User posts were
publicly available and required no password authentication for access, including Instructional Designer
(4,717), Designers for Learning (228), Adobe Captivate Users (599), and Articulate Storyline (522). The
proposed methodology aims to extract practical knowledge of individual online CoPs in three parts. First,
the characteristics of written communication among members are extracted by calculating word and sentence
lengths, word frequencies, and contiguous words. Second, the characteristics of members’ exchange of
practical knowledge are obtained through sentiment identification, entity recognition, and relationships
between pedagogical and educational technology entities. Third, the functions of individual online CoPs
are developed through topic modeling with latent Dirichlet allocation (LDA) and BERTopic. The findings
suggest similarities and differences among IDT CoPs, different resource distribution conventions, and
members exchanging pedagogical and educational technology advice. The study highlights the need for
pedagogical foundations to support instructional and technical decisions, mechanisms for self-assessment
of practical knowledge concerning IDT competencies, community protocols for addressing misconceptions
about learning, onboarding materials for new members, and new topic structures to classify practical knowl-
edge. NLP tasks are implemented using Python libraries to support the future development of awareness
tools.

.
. INDEX TERMS Data mining, instructional design, online learning, communities of practice, social media.

I. INTRODUCTION

Instructional design and technology (IDT) professionals
encounter design problems in most instructional design (ID)
projects [1]. Design problems are ill-structured because of
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various degrees of structuredness, complexity, and domain
specificity [2]. Structuredness refers to the multiplicity of
design problems that require design judgments, solutions,
and evaluation criteria from multiple disciplines. ID projects
are complex and possess numerous factors or issues that
limit professionals’ working memory for finding adequate
solutions. Regarding domain specificity, ID projects tend

see https://ci licenses/by/4.0/
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to be situated, embedded, and dependent on the nature
of the context or domain. In most cases, IDT profession-
als deal with ambiguous goal specifications and require-
ments that require the integration of various solutions.
These solutions are not always dichotomous but only bet-
ter or worse. They may require drawing back from past
experiences to determine optimal tasks for completing
ID projects.

Online communities of practice (CoPs) allow IDT profes-
sionals to access tacit or practical knowledge to seek plausible
solutions for ill-structured ID projects. IDT professionals
can tap into online CoPs’ organizational knowledge capi-
tal and overcome the limits of bounded rationality through
informed exploration of solutions to problems and analogi-
cal reasoning [3]. The concept of bounded rationality refers
to the limited information, cognitive functions, and amount
of time an individual has for decision-making. Analogical
reasoning enables better problem representations by gen-
erating new solutions from past problems and partitioning
problems into meaningful components and tasks that work
together. Additionally, online CoPs provide members with
professional development (PD) opportunities to enhance their
knowledge, skills, and abilities without geographic and tem-
poral constraints [4]. Online CoPs enable IDT professionals
to participate flexibly by seeking information or contributing
new knowledge while adhering to shared beliefs, identities,
and meanings.

Online CoPs on the Facebook platform have played a
pivotal role during the COVID-19 pandemic as IDT profes-
sionals pivoted from face-to-face to hybrid and emergency
remote teaching (ERT) forms of learning. Online learning
requires a careful and iterative course design process. In con-
trast, ERT involves the rapid transition from in-classroom
learning experiences to online environments reliably in a
short period of time [5], [6], [7]. Abramenka ef al. [8]
investigated how the Instructional Designer Facebook group
facilitated peer-to-peer support for IDT professionals during
the COVID-19 pandemic. After performing topic modeling
on user posts from March 10, 2020, to June 10, 2020, our find-
ings suggested that IDT professionals voiced their expressed
needs in five categories, including Educational Technology
Advice, Job-Related, Announcement of PD, General Ped-
agogical Advice, and COVID-Related Pedagogical Advice.
Educational technology and job-related user posts were
the most solicited categories by IDT professionals during
the pandemic. The Instructional Designer Facebook group
lacks mechanisms and tools to search the organizational
knowledge effectively for solving IDT problems in their
organizational settings. Yu [9] also argued that the pan-
demic accelerated positive interest in online learning. Teach-
ers can provide individualized student-centered instruction
and feedback to improve learning outcomes. In addition,
learners across different settings reported an increased accep-
tance of online learning and highlighted network availabil-
ity issues, online learning outcomes, and student-instructor
interactions [10], [11], [12].
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The Facebook social media platform has become one of
the most palpable online environments for facilitating infor-
mation sharing, interaction, and collaboration among indi-
viduals [13], [14], [15], [16]. Llorens and Capdeferro [16]
noted the strengths and issues with Facebook when used
as an online collaborative space. The strengths include the
simplicity and speed of creating and administering a group,
a high degree of connectivity through chat, messaging, tag-
ging, and the platform’s extensibility through custom add-
on modules. However, shortcomings involve noise elements
(e.g., advertising and self-promotion) and the lack of knowl-
edge discovery mechanisms to tag, filter, and organize the
constant stream of information. In a similar online CoP called
the eLearning Industry, Leung [17] found similar issues
related to the lack of mechanisms to reuse practical knowl-
edge in the online news outlet and the lack of alignment of
practical knowledge with competencies in IDT established
by professional organizations. The American Talent Develop-
ment (ATD) [18], International Board of Standards for Train-
ing, Performance, and Instruction (IBSTPI) [19], Association
for Educational Communications and Technology (AECT)
[20], and International Society for Technology in Education
(ISTE) [21] have developed competencies to encapsulate
the professional benchmarks, responsibilities, and capabil-
ities of IDT professionals in different roles (e.g., training
manager, evaluator, instructional designer, and instructional
technologist).

Studies in the knowledge management literature examine
tacit knowledge extraction from explicit forms of knowl-
edge (e.g., online platforms, documents, and e-mail commu-
nication) in professional settings through the SECI model,
where knowledge is continuously created through socializa-
tion, externalization, combination, and internalization [22].
First, tacit knowledge is generated through a socialization
process among individuals, and its tacitness is difficult to
codify into explicit knowledge. Second, tacit knowledge is
externalized in symbolic language for sharing with others.
Third, the combination step involves the application and
reorganization of explicit knowledge. Fourth, when explicit
knowledge is applied, individuals embody the newly acquired
knowledge through action and reflection. The present study
aims to extract the tacit knowledge from anonymized
users’ posts that occur at the externalization stage of the
SECI model.

The study identified practical knowledge from four public
Facebook groups in IDT. Two online CoPs are related to ID,
i.e., Instructional Designer and Designers for Education. The
other two groups are related to e-learning development, i.e.,
Adobe Captivate Users and Articulate Storyline. The Instruc-
tional Designer Facebook group is the largest public CoP,
with approximately 21,700 members [23]. The purpose of
this CoP is to share ideas on instructional systems, design,
and technology. The Designers for Learning Facebook
group is the second-largest public CoP, with approximately
4,400 members [24]. Although the Designers for Learn-
ing does not state its purpose, members generally exchange
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information on ID practice, mainly in higher education and
K-12 settings. The Adobe Captivate Users Facebook group is
a public CoP that targets the technical aspects of e-learning
development using the Adobe Captivate e-learning authoring
tool [25]. This CoP has approximately 2,600 members, but
the purpose is not stated. The Articulate Storyline Facebook
group targets the technical aspects of e-learning develop-
ment using the Articulate Storyline e-learning authoring tool.
Similar to Adobe Captivate Users, the Articulate Storyline
Facebook group does not state its purpose with approximately
5,800 members [26]. As mentioned above, two common
characteristics shared among these Facebook groups are the
lack of mechanisms to reuse the accumulated organizational
knowledge and the misuse of hashtags that contribute little to
organizational knowledge management efforts.

This study proposes applying a methodology to extract
practical knowledge in individual online CoPs by generating
syntactic and semantic features from user posts with natu-
ral language processing (NLP). The syntactic aspect refers
to the position of words in a sentence without understand-
ing their context. In contrast, the semantic aspect involves
extracting the meaning from context words [27]. The syn-
tactic features include generating the average word and sen-
tence lengths, word frequencies, and n-grams. The syntactic
features reveal critical characteristics of members’ written
communication in articulating ID problems and designing
solutions. The semantic features include sentiment analysis,
named entity recognition (NER) and their relationships, and
topic modeling. The semantic features explore the distribu-
tion of affective states from user posts, the exchange of ped-
agogical and educational technology entities, and the latent
topic structures that describe the purpose and functions of
online CoPs.

The motivations of the study originated from the lack of
quantification efforts in identifying the accumulated practi-
cal knowledge and types of practical knowledge exchanged
in online CoPs. The tremendous amounts of textual data
are also increasing daily without real-time mechanisms to
automatically categorize practical knowledge and provide
users with advanced filtering options to narrow information
on social media. The application of topic modeling, mainly
latent Dirichlet allocation (LDA), is widely discussed in the
literature and allows the categorization of search results and
controls for narrowing information based on the users’ topic
of interest [28], [29], [30]. LDA is an unsupervised, proba-
bilistic, and text clustering algorithm that allows texts to be
categorized into topics. The present study opens new opportu-
nities for creating future awareness tools for classifying prac-
tical knowledge by implementing topic modeling techniques
to uncover emerging topic structures in online CoPs.

The significance of the study explores the accumulated
practical knowledge by understanding the purpose, functions,
and emerging topic themes from online CoPs. While content
analysis is a standard qualitative methodology, the content
analysis methodology fails to analyze big data as a whole unit
of analysis due to time constraints and increased human error.
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By performing NLP tasks on individual Facebook groups,
the study allows for exploring the formation and exchange of
practical knowledge among IDT professionals. This study is a
foundational effort for taking an inventory of the accumulated
practical knowledge by informing researchers, practitioners,
and developers with improved organizational schemes on
how to organize and curate practical knowledge as an inte-
gral part of community engagement. The following research
questions were explored:

RQ1: What are the text characteristics, most frequent
words, and word sequences used in online CoPs?

RQ2: What are the characteristics of sentiment, named
entities, and relationships among entities in online CoPs?

RQ3: What are the latent topic structures in online CoPs?

Present studies examine the PD needs of IDT professionals
in academic and corporate settings. Exploring the sources of
practical knowledge is required to understand current orga-
nizational knowledge capital and gaps in online CoPs where
IDT professionals participate informally. The contributions
of this research are as follows:

« Fills a gap in the IDT literature about the characteristics
of practical knowledge on social media platforms.
Identifies how IDT professionals participate in online
CoPs.

« Explores integrating practical knowledge into formal
IDT education and training as an essential part of
problem-solving in ID projects.

» Establishes a foundation for future studies that support
the development of intelligence and recommendation
systems for skill development and detecting misinfor-
mation about learning.

The rest of the article is organized as follows. Section IT
provides a review of the literature and studies on practi-
cal knowledge extraction from online resources. Section III
describes the proposed research methodology, including a
thorough description of the NLP tasks performed. Section IV
contains the results of NLP tasks organized by the research
question. Section V discusses the results, recommendations
for improving online CoPs, implications for research, prac-
tice, and development, and limitations. Section VI concludes
the article and provides future directions for this work.

Il. LITERATURE REVIEW

The following literature section provides essential concepts
that are important to consider for the context of the study.
These four concepts relate to how social media supports
CoPs, the characteristics and challenges of online CoPs,
informal learning, and related studies for extracting practical
knowledge using NLP.

A. CoPS AND SOCIAL MEDIA

Lave and Wenger [31] stated that CoPs are characterized by
a shared domain of interest, joint community activities, and a
shared domain of practice. CoPs act as knowledge steward-
ing communities where members can organize and manage
a body of knowledge from which they draw professional
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learning to improve their practice. CoPs also act as a
crowdsourcing mechanism where members generate practi-
cal knowledge by converting tacit knowledge, or know-how
experiences in the field, into explicit forms (e.g., written texts,
videos, and graphics).

Online CoPs have become a powerful knowledge-creation
mechanism for geographically distributed organizations and
individuals [32], [33], [34]. Social media networking sites
(e.g., Facebook, Quora, and Twitter) allow members of
CoPs to carry out online conversations that serve three
educational functions: transactional, transformative, and tran-
scendent [35], [36]. Several studies have investigated the
Facebook social media platform as one of the most convenient
ways to participate in online CoPs [37], [38], [39], [40],
[41], [42]. Ractham and Firpor [43] argued that Facebook
is a strong example of the Groundswell phenomenon where
individuals use different tools and CoPs to acquire informa-
tion goods from multiple sources rather than a single entity.
This phenomenon also describes online CoPs as delivery
mechanisms for information and access points to collective
wisdom [44].

B. CHARACTERISTICS AND CHALLENGES IN ONLINE CoPS
A literature review by Abedini ef al. [45] found that
member participation in online CoPs is characterized
by professional-centeredness, self-directedness, experience-
centeredness, problem-centeredness, and lifelong learning
principles. When engaging in online CoPs, members can
drive their learning independently and possess an intrin-
sic motivation to learn relevant skills. Driven by intrinsic
motivation, members seek autonomy and self-directness by
choosing resources and activities that align with personal
and professional agendas. Learning in online CoPs occurs
when members reflect upon past experiences and attain new
knowledge by reshaping newly encountered information into
new solutions. Learning in online CoPs is not fixed to a
specific phase of life; it is spread out as members engage
and disengage with online CoPs throughout their lifetime.
In addition, Abedini ef al. [45] identified the factors that
facilitate and hinder community engagement. The facilitating
factors of member engagement include competition to learn
new skills, freedom to choose content, an interactive learning
environment, engagement in practical and relevant learning
experiences, and diverse backgrounds. The hindering factors
of community engagement are related to the lack of diverse
learning experiences, the steepness of learning new technolo-
gies, the directness of learning, the burden of professional
workloads, the lack of reflection in learning activities, and
the lack of prior experiences to support new learning.

The literature also reports the challenges present in CoPs
on Facebook. For example, Mai ef al. [46] found that online
CoPs were mainly text-based environments that led to poor
participation and inactive membership. Duncan-Howell [47]
found that online CoPs were prone to off-topic conversations,
poor navigation, and the personal agendas of self-promoters
and influencers. Johnson [48] argued that asynchronous
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discussions could become inadequate and superficial when
they lack coaching and scaffolding. Peeters and Pretorius [49]
argued that member participation varies when sharing tacit
knowledge in asynchronous environments. Guldberg and
Mackness [50] reported that members were overwhelmed
with the information presented in online CoPs and suggested
developing induction materials and processes to onboard new
members. Preece [51] offered usability recommendations to
promote collaborative dialogue and participation on social
media platforms by improving social interaction, information
design, navigation design, and technology access for all com-
munity members.

C. INFORMAL LEARNING IN IDT CoPS

Schwier ef al. [52] argued that IDT CoPs are born of con-
venience that allows informal engagement to solve specific
project challenges or issues. The authors also investigated the
features of IDT CoPs in terms of history and culture, mutu-
ality, plurality, and tacit knowledge. They found that shared
history and culture are not prominent features. In contrast,
passive participation as a spectator was a critical element
aligned with practitioners’ agendas and community values.
In terms of mutuality, community members develop their
protocols for contribution and interaction with others. Com-
munity participation is based on the plurality of intermediate
relationships with other members (i.e., experts in the field)
that provide a wide range of considerations and solutions to
learning problems.

Online CoPs in IDT are also knowledge repositories where
members draw solutions from online resources and conver-
sations without full participation from others. The shared
practical or professional knowledge in online CoPs is the
product of transforming practical knowledge into explicit
knowledge in informal and serendipitous ways. Practical
knowledge includes unique or creative solutions to dealing
with demanding clients, job aids or templates for apply-
ing criteria to projects, and expert advice to solve complex
problems.

In addition, online CoPs offer IDT professionals infor-
mal learning opportunities to refine their skills over time.
Informal learning is unplanned, unstructured, and incidental
learning beyond formal settings and is not bound to a specific
place or period [8], [53]. Informal learning is influenced by
the presence or absence of intentionality and consciousness
of learning in self-directed learning and implicit learning or
socialization [54]. In self-directed learning, learners attempt
activities that are conscious and intentional. In implicit learn-
ing, learners are immersed in a context where they are not
consciously trying to understand the subject.

Yanchar and Hawkley [55] characterized informal learning
resources as practical, purposive, and inescapable as part of
ID practice. Informal learning resources were deemed valid
because these allowed practitioners to stay current on pro-
fessional practices by asking peers for feedback and observ-
ing other members’ work. Informal learning resources were
perceived as significant by gradually deepening practitioners’
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skills. IDT professionals were also selective in engaging and
avoiding informal learning resources based on their time,
energy, and perception of the significant opportunity to learn
while helping others. The researchers also found two chal-
lenges that practitioners encountered in informal learning
resources. The first challenge involved the inability to keep
up with the stream of constant information. The second chal-
lenge was related to the steep learning curve practitioners
needed to overcome to meet project demands.

Boling ef al. [56] and Nelson and Stolterman [57] investi-
gated the tacit beliefs among IDT professionals in 11 design
judgments during design activities. The types of design judg-
ment and how these take place during ID activities are sum-
marized below:

1) Framing: Define a space for design activities
(e.g., assessing client needs and measuring outcomes).

2) Deliberated off-hand: Recall previous successful judg-

ments that allow for adaptation.

Appreciative: Emphasize value on certain design

aspects or stages while backgrounding others.

Quality: Make decisions about the effectiveness of aes-

thetic norms and standards of the design.

5) Appearance: Evaluate the quality of the entire design
product or experience against heuristics and other suc-
cessful artifacts or experiences.

6) Connective: Make connections among design objects
to create a cohesive artifact or experience.

7) Compositional: Make connections among various

design objects central to the artifact or experience.

Instrumental: Select a tool or method for the design

activity.

Navigational: Consider various alternatives to com-

plete a task successfully.

Default: Give an automatic response to a triggering

circumstance.

11) Core: State or ask the reasoning or meaning behind

decisions.

3

—

4
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~

9

—~
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D. RELATED WORK ON PRACTICAL KNOWLEDGE
EXTRACTION

Steiger and Steiger [58] argued that tacit knowledge struc-
tures represent the implicit mental models of individu-
als. Mental models are tacit and integrate ideas, practices,
assumptions, beliefs, relationships, facts, and misconceptions
individuals use to perceive and interact with others [59]. Tacit
knowledge has technical and cognitive dimensions containing
mental models, values, beliefs, and perceptions. Tacit cog-
nitive knowledge incorporates implicit mental models and
perceptions that allow individuals to understand their sur-
roundings and tasks. Tacit technical knowledge is workers’
knowledge and abilities to perform functions that are not
easily articulated [60]. Viale and Pozzali [61] argued that
different forms of tacit knowledge could be acquired and
transmitted in the form of competencies, background knowl-
edge, and implicit cognitive rules, as defined below:
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« Tacit knowledge as a competence refers to the skills and
abilities acquired through apprenticeships and face-to-
face interactions.

Tacit background knowledge includes the regulations,
codes of conduct, and acculturation processes to which
individuals adhere, based on their context.

Tacit knowledge acts as a mechanism for creating new
knowledge and assessing the accuracy of the informa-
tion itself.

As a subset of NLP methodologies, topic modeling is used
to identify patterns from textual sources to extract hidden
themes and insights. In the education domain, Vijayan [62]
performed topic modeling with LDA on abstracts and meta-
data across disciplines from Scopus to generate themes high-
lighting the challenges, solutions, and inequities in education
due to the digital divide during the pandemic. The six themes
describe the impact of COVID-19 on higher education, the
mental health of health care workers, the teaching and learn-
ing experiences during the pandemic, the use of educational
technology at higher education institutions, the lessons about
treatment strategies, and general reflections on the pandemic.
Buenaiio-Fernandez et al. [63] implemented LLDA to inves-
tigate a large sample of open-ended teacher feedback from
course evaluation surveys to extract strategies (e.g., tutorial
and experiential learning) that would lead to student retention
in university settings.

In biology and informatics, Gurcan and Cagiltay [64] per-
formed topic modeling on bibliometric data from PubMed,
Scopus, and Web of Science to discover the developmental
stages in bioinformatics studies from 1970 to 2020. The
current direction is toward data analysis tools for statistical
estimation and prediction of genomic data, ontology, and
protein interactions. In the construction domain, Kim and
Chi [65] developed models for retrieving critical information
about construction accident cases and classifying the nature
of the incidents for safety management. The authors of [65]
extracted the semantic similarities in accident reports using a
rule-based method and machine learning. With a rule-based
approach, information is extracted from an established pat-
tern. In contrast, the machine learning algorithm learns the
structure and extracts semantic relationships from the text.

While topic modeling is primarily an unsupervised method
for identifying latent topic structures from texts, the gen-
erated topic structures can also be used practically to clas-
sify future or unseen text sources through awareness tools.
These awareness tools take the form of knowledge graphs
and content recommendation systems that help with the visu-
alization and summarization of large amounts of text. For
instance, Badaway ef al. [60] leveraged topic modeling to
initially assign labels to Wikipedia resources that served
as the foundation for implementing interactive knowledge
graphs. Knowledge graphs allowed for the visualization of
the relationships among resources. Shahbazi and Byun [67]
used topic modeling as an exploratory strategy to discover
the key characteristics of computer science projects on Twit-
ter that built the foundation for a content recommendation

.
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system. The content recommendation system assisted com-
puter science students with quality control and curation of
online resources.

1ll. PROPOSED METHODOLOGY

This section is organized into three parts. Section A describes
user post collection, cleaning procedures, and the environ-
ment for NLP tasks. Section B identifies the NLP tasks by
the research question, Python libraries, and experimentation
details of parameter tuning. Section C provides the evaluation
procedures of topic models for obtaining interpretable topics.
A summary of the ethical considerations for getting user posts
from Facebook groups is discussed in the Appendix.

A. DATA COLLECTION, CLEANING, AND ENVIRONMENT
A total of 7,713 posts from September 2017 to
September 2020 were obtained from four Facebook pub-
lic groups, including Instructional Designer, Designers for
Learning, Adobe Captivate Users, and Articulate Storyline.
The text sources from each public Facebook group were
publicly available and required no password authentication
to access users’ posts. The mobile version of Facebook
(mbasic.facebook.com) showed all the posts available in
each group without scrolling through each group’s feed for
other posts. Once user posts were extracted from individ-
ual groups, authorship information and any references to
authorship in the posts were deleted to protect users’ privacy.
The study relied on Jupyter notebooks to fully script NLP
tasks in Python 3.7.7, including related libraries described
in the Units of Analysis section below. Python was selected
over R because of its native integration with application
programming interfaces (APIs) and extensibility with web
development frameworks.

The number of posts was reduced from 7,713 to 6,066
posts by removing posts that had no context (e.g., “hi,” “hi
there,” “hello all,” and “good morning professionals’) and
checking for any duplicate posts. Additionally, promotional
links and multimedia assets that contained no context were
removed. Self-promotion can be in the form of advertise-
ments from contractors offering e-learning production ser-
vices, infographics by e-learning shops (e.g., steps to develop
educational animation) and white papers from educational
technology vendors as marketing tactics to attract potential
clients. Only posts containing evidence of seeking advice
or a stance on a given topic were considered in the study.
Additionally, emojis in user posts were deleted as part of the
data cleaning steps for consistent text analysis across all four
online CoPs. Table 1 shows the number of scraped user posts
for each Facebook group before and after removing posts with
no context and promotional links.

B. UNITS OF ANALYSIS

1) TEXT CHARACTERISTICS, WORD FREQUENCIES, AND
N-GRAMS

In the first research question, lambda functions were imple-
mented to obtain the average word and sentence lengths
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TABLE 1. Number of user posts by Facebook group.

Number of User Number of User
Facebook Group Posts Posts
(Before Cleani; After Cleani
Instructional Designer 6,000 4,717
Designers for Learning 348 228
Adobe Captivate Users 641 599
Articulate Storyline 724 522
Total 7,713 6,066

of user posts without filtering out stop words to account
for all words, including articles, prepositions, pronouns,
and conjunctions. The text characteristics of each Facebook
group were summarized in the Profile Report package as an
exploratory step [68]. Word frequencies were visualized with
the WordCloud package to identify prominent words [69].
The n-gram language model in the Natural Language Toolkit
(NLTK) library was implemented to create the probabilities
of contiguous words in bigrams, trigrams, and 4-grams [70].
The most frequent 4-grams were reported to illustrate word
sequences with the highest probabilities. Word frequencies
and n-grams required NLP tasks for cleaning, normalizing,
and parsing using NLTK by performing lower casing, tok-
enization, stop words removal, lemmatization, stemming, and
tagging parts-of-speech (POS). Although there is no con-
sensus on using a standard stop words dictionary, removing
articles, prepositions, pronouns, and conjunctions from tex-
tual data is a typical preprocessing step to remove noise or
low-level information and reduce training time and dimen-
sionality from uninformative words [71], [72]. This study
implemented the stop words English dictionary, Wordnet
Lemmatizer, SnowBall Stemmer, and POS tagger libraries
in NLTK.

2) SENTIMENT, NAMED ENTITIES, AND ENTITY
RELATIONSHIPS

In the second research question, the TextBlob package was
implemented for sentiment analysis to identify positive, neu-
tral, and negative attitudes in the posts [73]. User posts were
classified as positive (1), neutral (0), and negative (—1).
Although the Vader sentiment analyzer is commonly used
for social media texts with an informal tone, TextBlob was
a better choice for this study because user posts had a pro-
fessional tone [74], [75]. In addition, the spaCy package
was implemented for NER tasks to identify pedagogical and
educational technology entities. In NER tasks, spaCy is a
rule-based matcher that identifies named entities in texts and
classifies entities into standard categories of people, places,
organizations, and geographic locations [76]. Once entities
were extracted, subject-object relationships emerged as entity
pairs tounderstand how entities were referenced. These entity
pairs comprised the source and target entities linked by edge
entities that defined relationships among the entities. The
most frequent edge entities were reported in the Findings
section to explore the exchange of pedagogical and educa-
tional technology entities in each online CoP.
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3) LATENT TOPIC STRUCTURES WITH LDA AND BERTOPIC
In the third research question, LDA and BERTopic were
implemented for unsupervised topic modeling tasks to
explore the hidden topic themes in online CoPs. While
LDA was the primary topic modeling method for this study,
BERTopic was also implemented to explore additional latent
topic structures when fitting against a large pretrained sen-
tence transformer model.

In the first topic model, LDA is a generative probabilis-
tic model where text sources are represented by a mix-
ture of hidden topics over the distribution of words [77].
The LDA topic modeling algorithm in the Gensim library
generated word representations and probabilities using the
bag-of-words (BoW) and Term Frequency-Inverse Document
Frequency (TF-IDF) models [78]. In a comparative study of
topic modeling algorithms by Albalawi ef al. [28], LDA is the
most popular algorithm that provides useful integrations with
NLTK and Gensim Python libraries and allows the develop-
ment of information retrieval and computational linguistics
applications. LDA also provides better accuracy over latent
semantic analysis (LSA), nonnegative matrix factorization
(NMF), principal component analysis (PCA), and random
projection (RP) [28].

Regarding experimentation details, LDA generated two
topic models using BoW and TF-IDFE. The BoW topic model
measured the occurrence of words within the corpus but did
not contain information about the order or structure of words.
Based on the BoW topic model, the TF-IDF topic model
measured the importance of a word based on the occurrences
of each word and checked its relevance against the whole
corpus. In TF-IDF, a word was considered relevant when it
occurred in a few user posts and low if it occurred in many
user posts. The topic models mentioned above were created
with LDAmulticore to reduce the training time compared to
the regular implementation of LDA [78].

LDA required corpus and id2word parameters. The
optional parameters were chunksize, passes, n_fopics, and
densities (alpha and beta) that needed to be precisely tuned
to leverage LDAmulticore. In the corpus parameter, the tok-
enized text source was converted to vectors as a sparse matrix
of a number of documents and terms. The id2word param-
eter determined the vocabulary size from the corpus. The
chunksize and pass parameters were set to 100 chunks and 20
passes to determine the number of user posts used in training.
The chunksize and pass parameters were implemented con-
sistently in all Facebook groups. In addition, LDA required a
specific parameter for determining the exact number of topics
the algorithm needed to achieve distinct and coherent topics.
The ideal number of topics (n_topics) was performed by
running the LDA several times with multiple topic parameters
from two (2) to 20 until the elbow method achieved the high-
est coherence or C_v value, as described in Table 2. Finally,
the hyperparameters alpha for document-topic density and
beta for word-topic density were set to ‘auto,” allowing the
LDA algorithm to estimate the document-topic and word-
topic densities automatically. The alpha hyperparameter
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controls the mixtures of topics for any given text source. The
beta hyperparameter controls the distribution of words per
topic.

TABLE 2. LDA coh e values and ber of topics
parameters.
Number of
Semantic %
Facebook Group Topics
Coherence Value P:

Instructional Designer 0.481 5

Designers for Learning 0.376 9

Adobe Captivate Users 0372 7

Articulate S_t_qrxline 0.368 7

In the second topic model, BERTopic is a recent topic
modeling technique that leverages Bidirectional Encoder
Representations from Transformers (BERT) as a class-based
TF-IDF (c-TF-IDF) to calculate words’ left and right context
and generate interpretable topic representations [79], [80].
In c-TF-IDF, text sources are treated as a single class. Then,
the frequency of each word was extracted for each class
and divided by the total number of words and posts across
all classes. BERTopic supports different pretrained mod-
els to understand the context of words based on their sur-
roundings that can be used for supervised and unsupervised
NLP tasks [81]. The pretrained sentence transformer model
(stsb-bert-large) was implemented to identify semantic
textnal similarity by reducing dimensionality with the
Uniform Manifold Approximation and Projection for Dimen-
sion Reduction technique (UMAP) and clustering sentence
embeddings with the HDBSCAN algorithm. Although stsb-
bert-large was deprecated in early 2022 due to low-quality
embeddings, the pretrained model was selected at the time
of the analyses in late 2021 because it was optimized for
semantic similarity tasks with the ability to map features to
a dense vector space.

The experimentation details in BERTopic involved fitting
the cleaned user posts as the text sources against the pre-
trained model in English by automatically generating the
number of topics (nr_fopics) parameter and calculating word
probabilities. Although BERTopic can further reduce the gen-
erated number of topic parameters with the reduce_topics
function, the initial experimentation produced a low number
of topics with less semantically coherent topic interpreta-
tion. Rather than allowing BERTopic to reduce the nr_fopics
parameter automatically, the semantic coherence values were
calculated to obtain the highest C_v values to determine the
appropriate parameter for each Facebook group, as described
in Table 3.

C. TOPIC MODELING EVALUATION

Chang ef al. [82] argued that there is no gold standard for
evaluating topic models. The semantic coherence values of
the topic models generated with LDA and BERTtopic were
examined through quantitative and qualitative approaches.
Semantic coherence refers to relevant words with the highest
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TABLE 3. BERTopic ic coh e values and ber of topics
parameters.
i Number of
Semantic
Facebook Group Topics
Coherence Value Pa
Instructional Designer 0.468 5
Designers for Learning 0.503 3
Adobe Captivate Users 0.353 h
Articulate Storyline 0.507 4

probability in a topic that co-occurs within the corpus [83].
In the quantitative approach, the semantic coherence values
of topic models were generated by obtaining the highest
semantic coherence measures, or C_v values, during param-
eter tuning. In the qualitative approach, topic interpretation
was based on human judgment and subject matter expertise
in IDT. Chang ef al. [82] proposed evaluating topic model out-
puts using two methods, including topic and word intrusion
methods. Regarding topic intrusion, discovered topics were
evaluated to determine whether the topic model’s decom-
position of the text sources agreed with human judgments.
In terms of word intrusion, a topic model was examined by
observing the words inserted in a topic model that did not
provide semantic coherence or coherent meaning. The pyL-
DAvis package in Gensim [84] and BERTopic visualization
functions [85] were used to assist with evaluating LDA and
BERTopic topic models, respectively.

In evaluating topic models using LDA, the topic distribu-
tions of BoW produced higher topic probabilities than the
TF-IDF topic models. The BoW topic models were easier
to interpret and provided more nuanced details into IDT.
When evaluating topic models using BERTopic, the topic
probabilities were nearly similar to those of the BoW topic
models. Nevertheless, topic distributions were more general.
In Adobe Captivate Users, for example, E-Learning Work-
flow was the general topic model with BERTopic. In contrast,
the BoW topic models contained the specific components of
the e-learning development workflow. The generalized nature
of topic models in BERTopic was due to the lack of domain-
specific knowledge in the pretrained model that was used for
fitting the text sources onto the pretrained model. The use
of BERTopic also revealed the black box issue where behav-
iors of the topic modeling algorithm were not observable.
Harrison et al. [86] reported a similar problem when run-
ning topic modeling with the stsb-bert-large pretrained model
on team communication transcripts. Unlike BERTopic, the
behaviors of LDA can be customized and explained through
parameter tuning except for the automatic parameters for
alpha and befa densities. Even though it was impossible
to observe the automated nature of calculating alpha and
beta parameters in LDA, a grid search function could have
determined the specific density parameters. However, a grid
search function may not be feasible to implement as part of
awareness tools in a real-world scenario due to its consider-
able processing time.
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IV. FINDINGS

This section is organized into three parts. Section A describes
the characteristics of user posts, word frequencies, and word
probabilities. Section B identifies user posts’ sentiment polar-
ity, entities, and entity relationships. Section C lists the
topic structures found in each online CoP using LDA and
BERTopic.

A. TEXT CHARACTERISTICS, WORD FREQUENCIES, AND
N-GRAMS

1) TEXT CHARACTERISTICS OF USER POSTS

In the Instructional Designer Facebook group, the average
word count was 38.75 words, and the average sentence count
was 3.14 sentences. The Designers for Learning Facebook
group had an average word count of 36.53 words and an
average sentence count of 3.20 sentences. In the Adobe Cap-
tivate Users Facebook group, the average word count was
44.06 words, and the average sentence count was 3.71 sen-
tences. The Articulate Storyline Facebook group had an aver-
age word count of 34.51 words and an average sentence count
of 2.63 sentences. The word and sentence length distributions
are reported in Fig. 1.

2) WORD FREQUENCIES

After tokenizing and reducing the vocabulary against the stop
words dictionary, the most frequent words emerged as unique
tokens or the most representative words of each Facebook
group. In the Instructional Designer Facebook group, the
most frequent words were id (774), course (770), and anyone
(681). In the Designers for Learning, the most frequent words
were learning (51), anyone (42), and course (34). In the
Adobe Captivate Users Facebook group, the most frequent
words were captivate (254), video (155), and slide (153).
In the Articulate Storyline Facebook group, the most frequent
words were storyline (185), video (155), and slide (127).
Fig. 2 contains the word cloud visualizations.

3) N-GRAMS

In the Instructional Designer Facebook group, the most
frequent 4-grams referenced following specific discussion
posts, remote teaching or learning from home, and hashtags
(e.g., #elearningtrends). In the Designers for Learning Face-
book group, the most frequent 4-grams described engagement
strategies in online learning, training facilitation strategies,
webinar events, and asking for specific advice related to
educational technologies. In the Adobe Captivate Users
Facebook group, the most common 4-grams were related to
asking for solutions from new users, developing responsive
e-learning, asking for examples, and troubleshooting solu-
tions to common problems. The Articulate Storyline
Facebook group had the most frequent 4-grams related to
sharing video link tutorials and following up on specific
posts. Table 4 summarizes each Facebook group’s five most
frequent 4-grams and frequencies.
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FIGURE 2. Word cloud visualizations.

B. SENTIMENT, NAMED ENTITIES, AND ENTITY
RELATIONSHIPS

1) SENTIMENT POLARITY

The Instructional Designer’s user posts had a distribution
of approximately 70% positive sentiment, 22% neutral sen-
timent, and 8% negative sentiment. Designers for Learn-
ing’s user posts showed a distribution of approximately 72%
positive sentiment, 22% neutral sentiment, and 6% negative
sentiment. Adobe Captivate’s user posts had a distribution
of approximately 60% positive sentiment, 28% neutral senti-
ment, and 12% negative sentiment. Articulate Storyline’s user
posts showed a distribution of approximately 56% positive
sentiment, 29% neutral sentiment, and 15% negative senti-
ment. Table 5 summarizes the sentiment distributions for each
Facebook group.

2) RECOGNIZED ENTITIES

The Instructional Designer Facebook group recognized
8,165 entities, including LMS (learning management Sys-
tem, 286), eLearning (261), Storyline (142), Captivate (78),
Articulate (74), and L&D (learning and development, 70).
Less frequent entities were identified, including eBook (56),
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SCORM (40), ISD (Instructional Systems Design, 17),
Instructional Design (4), and Active Learning (1).

The Designers for Learning Facebook group had 378 enti-
ties recognized. The most frequent entities were Scratch (7),
LMS (5), OpenLearning (5), Designers for Learning (4),
Articulate Storyline (3), and K-12 (3). Less frequent entities
were present, including ADDIE (1), UDL (Universal Design
for Learning, 1), Learning Pyramid (1), Cathie Moore (1),
Stephen Downes (1), Jennifer Manddrell (1), and Vanessa
Alzate (1). The individuals mentioned earlier were practition-
ers and researchers noted in the Facebook group.

The Adobe Captivate Users Facebook group had 1,084
entities identified. The most frequent entities were Captivate
(122), L.MS (33), Adobe (18), Adobe Captivate (17), YouTube
(14), and SCORM (11). Less frequent entities were several
educational technology tools, including Canitasia (3), Second
Life (2), Vvond (2), SCORM Cloud (1), and Powtoon (1).

The Articulate Storyline Facebook group had 954 enti-
lies recognized, including Storyline (142), Articulate
Storyline (97), LMS (36), Articulate (16), eLearning (12),
and SCORM (12). Less frequent entities were related to
the integration of c-learning courses with LMS platforms
and other tools, including Articulate Rise (5), Lectora (3),
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TABLE 4. Most frequent 4-grams and frequencies.

Facebook
Group 4-Gram Frequency

Instructional  (u, learningpark, learn, right) 9

Designer (learningpark, learn, right, way) 9
(follow, u, learningpark, learn) 9
(learningfromhome, onlineteaching, 7

)
Slear:lingeveryday, lifelo’ngieaming, T
P g nRg

Designers (learning, designer, showcasing, best) 4

for Learning  (facilitate, engaging, online, course) 4
(online, course, hope, see) 4
(best, use, social, learning) 4
(might, relevant, anyone, looking) 4

Adobe (hi, im, new, group) 3

Captivate (im, using, drag, drop) 2

Users (one, whole, quiz, project) 2
(adobe, captivate, 2019, update) 2
0 ive, mode, csv, format) 2

Articulate (storyline, tip, link, het) 20

Storyline (ill, show, step, step) 20
(tip, Link, het, first) 20
(link, het, first, comment) 20
(see, video, first, comment) 20

TABLE 5. Sentiment distribution of user posts.

Facebook Group Positive Neutral Negative Total

Instructional 3,298 1,011 408 4717

Designer

Designers for 163 52 13 228

Learning

Adobe Captivate 358 165 76 599

Users

Articulate 294 149 9 522
Storyline

SharePoint (3), and Canvas (1). Fig. 3 shows the distributions
of the most frequent entities.

3) ENTITY RELATIONSHIPS

After performing entity recognition in each group, promi-
nent relationships between entities emerged when community
members used specific words. In the Instructional Designer
Facebook group, 1,908 entity relationships were identified.
Community members used words (e.g., thanks, thank, want)
to exchange suggestions and solicit help related to e-learning
development (e.g., storyboarding, development hourly cost),
ID graduate programs, online workshops, PD, and job
opportunities.

In the Designers for Learning Facebook group, 173 entity
relationships were identified. Community members used
words (e.g., thanks, want, see) to share online workshops
and resources to support teaching practices. Additionally, the
entity relationships suggested that members use the group
to seek feedback from others (e.g., a member’s custom
e-learning course, online ID portfolio) and advice for
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selecting educational technology tools (e.g., Scratch for game
development).

In the Adobe Captivate Users Facebook group, 342 entity
relationships were identified. Community members used
words (e.g., thanks, thank, help) to seek technical solutions to
e-learning development using Adobe Captivate. Community
members in this group were particularly interested in asking
questions about media production, 360 immersive videos,
e-learning interactions (e.g., drop-down menus, image slid-
ers, quiz items), accessible e-learning, and operating system
specifications for the authoring tool.

In the Articulate Storyline Facebook group, 286 entity
relationships were identified. Community members used
words (e.g., thanks, thank, link) to share instructional video
tutorials and exchange tips on using Articulate Storyline.
These tips and tricks involved video and quiz triggers using
JavaScript and variables in the standalone version of the tool
and integration with the web-based e-learning authoring tool
(i.e., Articulate Rise). Table 6 summarizes each Face-
book group’s ten most frequent entity relationships and
frequencies.

C. LATENT TOPIC STRUCTURES WITH LDA AND BERTOPIC
The BoW topic models had better topic interpretation based
on subject matter interpretation and higher probabilities of
topic distributions than TF-IDF topic models. BoW topic
models generated the majority of the topics with a higher
degree of specificity in IDT. Nevertheless, the topic mod-
els using BERTopic developed fewer topics that were more
general, with little detail in pedagogy and educational tech-
nology. The topic models generated by BERTopic are a great
example of how domain-specific models are needed to create
better topic representations. Table 7 summarizes the emerging
topic patterns for each Facebook group using the BoW and
sentence transformer topic models.

V. DISCUSSION

This study examined 6,066 user posts from four CoPs
in IDT on the Facebook social media platform from
September 2017 to September 2020 to better understand
the characteristics and emerging topic themes in practical
knowledge. This study offers several findings that provide
valuable information for researchers and practitioners in the
IDT field. The study also suggests development considera-
tions for machine learning operations (MLOps) that allow
for the future development of complex, scalable, and robust
NLP tools to enhance community members’ ability to browse
and filter practical knowledge in asynchronous online envi-
ronments. A discussion of the findings, implications, and
limitations are summarized below.

A. GENERAL, UNIQUE, AND SHARED CHARACTERISTICS
AMONG IDT CoPS

As a social media platform, Facebook groups facilitated the
exchange of practical knowledge among IDT profession-
als through opportunities for informal PD and just-in-time
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FIGURE 3. Most frequent entities.

interventions. The findings showed general characteristics
regarding members’ written communication and sentiment.
As a general characteristic, community members in the four
Facebook groups used four sentences or less and 45 words or
less to seek pedagogical and technical advice. In the Instruc-
tional Designer and Designers for Learning Facebook groups,
these online CoPs had almost similar sentiment distributions
from 70%—72% for positive sentiment, 22% for neutral senti-
ment, and 6%—-8% for negative sentiment. In the Adobe Cap-
tivate Users and Articulate Storyline Facebook groups, these
online CoPs also had almost similar sentiment distributions
from 56%—60% for positive sentiment, 28%—-29% for neutral
sentiment, and 12%—-15% for negative sentiment.

The findings suggested unique and shared characteristics
that revealed the purpose behind online CoPs in IDT. Based
on the topic structures, the unique features of the Instructional
Designer Facebook group were related to asking peers (o
review ID portfolios and soliciting resources for educational
animation development. The unique characteristics of the
Designers for Learning Facebook group were associated with
the development of serious games for learning, online game
development, and educational technology tools. The shared
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characteristics of the Instructional Designer and Designers
for Learning Facebook groups were in the areas of ID gradu-
ate programs, job postings, event announcements, and general
resources for online course development and online training
in higher education and private settings, respectively.

When comparing the topic models, the Adobe Captivate
Users Tfacebook group’s unique characteristics were mobile
development, e-learning course integration in LMS plat-
forms, and c-learning development workflow. In contrast,
the unique characteristics of the Articulate Storyline Face-
book group pertained to the integration of JavaScript with
Articulate Storyline outputs. Because of the similar purpose
behind the e-learning authoring tools, it was not surprising
to observe shared characteristics in the technical aspects of
the software related to manipulating slide properties, quizzes,
virtual reality, and multimedia components.

B. INTENTIONALITY BEHIND COMMUNITY MEMBERS’
POSTS

The findings suggested an active exchange among commu-
nity members in all Facebook groups by stating appreciation
when members received answers from others. The results
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TABLE 6. Most freq

Facebook Group Frequency

Instructional thanks 263
Designer thank 153
want 56
use 54
advance 50

Designers for

48
46
43
41
40
105
5
4
4
3
3
3
3
3
3
Adobe Captivate 37
Users thank 19
help 17
i 11
10
10
10
9
9
8
26
23
20
13
12
12
11
10

Articulate
Storyline see

add 8
create 8

align with Evans ef al.’s intentionality and consciousness
of self-directed learning, where community members sought
solutions independently [54]. The findings also showed the
cognitive dimension of CoPs’ organizational knowledge cap-
ital as members pursued collective goals with established
norms and behaviors [60]. In the Instructional Designer and
Designers for Learning Facebook groups, the intentionality
and consciousness of self-redirected learning occurred when
members requested advice about e-learning development
processes, learner engagement strategies, multimedia devel-
opment, ID graduate programs, and ID jobs. In the Adobe
Captivate and Articulate Storyline Facebook groups, mem-
bers had conscious efforts in seeking help with the technical
aspects of e-learning authoring tools.

Furthermore, each online CoP had different conventions
for distributing informal learning resources. The Instructional
Designer Facebook group relied heavily on hashtags to allo-
cate resources for e-learning development and courseware
integration with LMS platforms. Additionally, the Instruc-
tional Designer Facebook group members followed specific
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user posts deemed valuable. Based on the entities extracted,
this online CoP attracted IDT professionals from a wide
array of work settings, mainly in L&D settings in the pri-
vate sector. In the Designers for Learning Facebook group,
members discussed learner engagement strategies, gamified
learning, and free PD opportunities. Although the distribution
of resources was not present in the Adobe Captivate Facebook
group, members relied heavily on others to solve technical
questions related to the Adobe Captivate software. Addition-
ally, new members in the Adobe Captivate Facebook group
tended to introduce themselves to the group before requesting
advice. In the last Facebook group, members of the Articulate
Storyline relied on videos that community administrators
shared, and members asked questions about the location of
the resources in the online CoP. Community administrators
also tended to misspell definite articles (i.e., ket instead of
the), as seen in Table 4.

C. TYPES OF PRACTICAL KNOWLEDGE

The exchange of practical knowledge was observed as mem-
bers offered solutions to others through design judgments.
In the Instructional Designer and Designers for Learning
Facebook groups, members framed and deliberated off-hand
design judgments as they inquired about converting face-
to-face training to an online format while keeping learn-
ers engaged. Additionally, members exhibited appearance,
compositional, connective, and quality design judgments
when reviewing ID portfolios and sample e-learning courses
requested by other members. In the Adobe Captivate Users
and Articulate Storyline Facebook groups, members showed
default design judgments as they solved technical issues
about manipulating various properties for quizzes, slides, and
multimedia.

Seeking advice related to educational technology was
prevalent in online CoPs. In examining the frequencies of
all extracted entities, however, pedagogical entities were less
frequent than educational technology entities. For instance,
the less frequent pedagogical entities in the Instructional
Designer Facebook group were ISD, learning styles, and
e-learning design. The less frequent pedagogical entities
in the Designers for Learning Facebook group were UDL,
ADDIE, and Learning Pyramid. The learning styles myth
suggests that learning can be acquired in distinctive ways
through visual, auditory, and kinesthetic channels. The learn-
ing pyramid myth indicates that different learning activities
are associated with memory retention rates. The learning
pyramid is the product of misusing Dale’s research on con-
tinuity of learning through experience, where learning occurs
on a concrete to abstract continuum using audiovisual media
options [87].

Although pedagogical entities related to learning styles
and learning pyramid were present to a lesser degree in
the Instructional Designer Facebook group, members either
debunked or spread these learning myths. Spreading these
learning myths showed the lack of community protocols to
provide corrective actions or clarifications. In the Adobe
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TABLE 7. Emerging topic patterns.

Facebook Group Topic Bag-of-Words Topic Model Sentence Transformers Topic Model
Instructional Topic 1 ID Programs Educational Animation
Designer Topic 2 E-Learning Development E-Leaming Training Resources
Topic 3 E-Learning Enpagement Practices ID Jobs
Topic 4 E-Learning Software ID Experience
Topic 5 Simulation Development 1D Portfolio Development
Designers for Topic 1 Video Development Free Resources and Events
Learning Topic 2 Online Course Development Online Game Development
Topic 3 Online Training Development ID Jobs
Topic 4 Video Development
Topic 5 Research EdTech Tools
Topic 6 Coding and Game Design
Topic 7 ID Profession
Topic 8 Serious Games
Topic 9 ID Prog
Adobe Captivate Topic 1 E-Learning Output E-Learning Workflow
Users Topic 2 Quiz Tracking Adobe Captivate for New Users
Topic 3 Video Development Virtual Reality
Topic 4 Slide Questions Version Questions
Topic 5 Mobile Development Integration with CMS/LMS
Topic 6 Slide Questions
Articulate Topic 1 Object Triggers Slide Questions
Storyline Topic 2 Slide Questions Integration with JavaScript
Topic 3 Layer Troubleshooting Virtual Reality
Topic 4 Quiz Tracking Quiz Tracking
Topic 5 Slide Questions
Topic 6 E-Leamning Development
Topic 7 Video Development

Captivate Users and Articulate Storyline Facebook groups,
pedagogical entities were absent because these online CoPs
were used for troubleshooting software issues. However, cog-
nitive load theory, cognitive theory of multimedia learning,
and Section 508 for accessibility are critical pedagogical
concepts and frameworks for e-learning development.

D. THE NEED FOR PEDAGOGICAL FOUNDATIONS

Even though pedagogical entities were less frequent in the
Instructional Designer and Designers for Learning groups
and nonexistent in the e-learning development software
Facebook groups, the real-world applications of pedagogical
concepts are critical to the IDT profession. Without peda-
gogical foundations, IDT professionals risk designing online
learning experiences with a heavy emphasis on technology
delivery mechanisms without proper technology integration
considerations and perpetuating the misconceptions of the
IDT role, primarily for e-learning materials development
and technology support. The focus on e-learning materials
production has also been reported in Leung [17], where
a large online CoP in IDT, called the eLearning Industry,
prioritized e-learning development over pedagogical con-
cepts in online articles written by IDT professionals. Recent
research has also highlighted the need for information hubs
to ensure continuity of learning during times of crisis [88],
[89], [90]. Information hubs, or COVID-19 response online
resources, do not currently exist in these online CoPs. Ped-
agogical resources should be integrated into online CoPs to
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support IDT professionals’ abilities to design online and
hybrid learning experiences and properly incorporate educa-
tional technology.

The real-world applications of pedagogical concepts have
implications when designing compelling online and blended
learning experiences in various settings. Although this study
highlights the need for pedagogical foundations in online
CoPs, it does not intend to list all frameworks, concepts,
and theories to guide the design of online and blended
learning that lead to positive outcomes for learners and
instructors. An example of applying pedagogical concepts
to ID projects is explained in a book chapter on Managing
ID Projects in Higher Education [91]. IDT professionals
in higher education perform five types of ID projects that
involve pedagogical concepts to guide decision-making as
follows:

1) Course Development: Collaborating with faculty and
staff to develop new courses, redesign existing courses,
and enrich in-person courses with educational tech-
nology with quality assurance (e.g., UDL, Bloom’s
Taxonomy, Community of Inquiry, Backward Design).

2) Institutional Learning Initiatives: Leading or support-
ing pedagogical approaches (e.g., microlearning, ser-
vice learning, gamed-based learning) and technology
initiatives (e.g., proctoring platforms, content curation,
video conferencing).

3) Workshops: Aligning and evaluating the impact of
educational technology through technology integra-
tion frameworks (e.g., Technology Acceptance Model
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(TAM); Replacement, Amplification, and Transfor-
mation (RAT); Substitution, Augmentation, Mod-
ification, and Redefinition (SAMR); Technology
Integration Matrix (TIM)).
4) Quality Assurance: Implementation of course develop-
ment and quality assurance procedures (e.g., Quality
Matters Higher Education rubric).
Support: Supporting stakeholders regarding educa-
tional technology, pedagogy, and accessibility.
Additionally, project management is critical for handling
ID projects by leveraging interpersonal, technical, and admin-
istrative skills. Even though pedagogical concepts are essen-
tial in higher education, these concepts are still applicable in
different professional settings. Several IDT Open Educational
Resources (OERs) can be found on OER Commons [92]. IDT
CoPs may choose to curate resources that build the necessary
pedagogical foundations, especially for newly minted IDT
professionals.

5

laty

E. IMPLICATIONS
The findings of the study have several implications for
research, practice, and MLOps.

1) IMPLICATIONS FOR RESEARCH

Erden ef al. [93] argued that research on the collective quality
of practical knowledge is required to understand organiza-
tions’ knowledge creation capabilities. The authors also sug-
gested that the collective quality of practical knowledge can
be examined on four levels: Group as Assemblages, Collec-
tive Action, Phronesis, and Collective Improvisation. Online
CoPs are newly formed in the first level, where members
share no collective history or understanding. In the second
level, collective action is defined by shared memory and
knowledge for solving problems and adopting group-based
routines as an integral part of the community culture. In the
third level, phronesis refers to the collective actions that
online CoPs take to advance goals guided by shared culture
and values. Additionally, the collective quality of practi-
cal knowledge emerges in the third level, where members
articulate solutions to familiar problems. In level four, col-
lective improvisation is the highest level of practical knowl-
edge, where online CoPs respond quickly to unpredictable
situations.

Based on the observed entity relationships, 4-grams, and
topic models, the collective quality of practical knowledge
in the online CoPs of interest operated at the second level,
where community members actively exchanged pedagogi-
cal and educational technology advice as part of the cul-
tural routine. Although topic models can be used to assert
the overall quality of practical knowledge in online CoPs,
it is crucial to understand that online CoPs can operate at
the third level of phronesis or the fourth level of collective
improvisation, where members can improvise solutions to
unfamiliar challenges. As part of the Instructional Designer
Facebook group’s culture, for example, the ID Portfolio
Development topic model involves providing feedback on
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portfolios that are inherently diverse in creativity based on
professional backgrounds and goals for applying to specific
jobs. In another instance, the Designers for Learning Face-
book group may also operate at the fourth level of col-
lective improvisation when encountering unfamiliar topics
regarding new research on educational technology and game
design tools. Last, the Adobe Captivate Users and Articulate
Storyline Facebook groups operated at the second level of
collective action when solving common technical issues of
the e-learning software. In addition, e-learning development
software CoPs can perform at higher levels when encoun-
tering new challenges and opportunities in updated software
versions.

Further research is required to understand how members
of online CoPs engage at level three of phronesis and level
four of collective improvisation through discourse analysis,
sequential pattern analysis, or process mining. Research on
how topic models evolve can also demonstrate how commu-
nity priorities and goals shift. The evolution of topic models
can provide insights into online CoPs’ abilities to respond to
unpredictable circumstances.

2) IMPLICATIONS FOR PRACTICE
Professional organizations, IDT education and training
providers, leaders of online CoPs, and e-learning develop-
ment software companies can be informed through the study
about how community members participate when seeking
pedagogical and educational technology solutions.
Professional organizations can identify topic patterns in
practical knowledge online CoPs when IDT professionals
exchange pedagogical and educational technology advice.
Professional organizations can also benefit from the findings
by examining their frameworks against the discovered entities
and topic models. The results of the study highlight the need
to research the extent to which competencies and standards in
IDT align with practical knowledge present in online CoPs.
Thus, further investigating the alignment between online
CoPs’ practical knowledge and competencies identifies the
gaps and opportunities for targeted PD opportunities. A fur-
ther investigation is needed to understand how IDT profes-
sionals apply newly acquired practical knowledge in different
settings (e.g., K-12, higher education, and private settings)
and how it is internalized into their professional practice.
IDT education and training providers can identify for-
mal and informal learning opportunities that enhance the
pedagogical foundations of IDT students and profession-
als. IDT faculty are informed of types and topic pat-
terns in practical knowledge that can be incorporated into
IDT programs and internships. IDT students can lever-
age the accumulated practical knowledge in online CoPs
to seek solutions to academic coursework and receive
informal student portfolio reviews. Although the extracted
educational technology entities were more prevalent than
pedagogical concepts, informal learning opportunities can
enhance the pedagogical foundations of IDT profession-
als by exploring research and implementation trends in
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higher education, K-12, and private settings. In higher
education, the 2022 Educause Horizon Report describes
redefining instructional modalities that affect how institu-
tions develop new courses two years after the COVID-19
pandemic [94]. IDT professionals in K-12 settings can learn
about the trends in the USA through the Condition of Educa-
tion 2022 report by the National Center for Education Statis-
tics [95]. IDT professionals in private settings can benefit
from exploring workplace reports by the ATD [96].

Community leaders of Instructional Designers and Design-
ers for Learning Facebook groups can better understand
the emerging topic structures in online CoPs by devising
mechanisms for better knowledge sharing and discoverability
within the technological limits of the Facebook platform.
‘While Facebook groups facilitate the exchange of practical
knowledge in an asynchronous environment, three recom-
mendations are necessary to sustain online CoPs by cre-
ating mechanisms for reusing knowledge, onboarding new
members, and adopting a culture of accountability through
professional competencies. The first recommendation is to
develop better mechanisms for reusing existing knowledge
to make knowledge more discoverable by members. Rather
than using hashtags to distribute content, the topic structures
found in this study can be used to design content structures
that classify cognitive and technical practical knowledge.
By developing a new set of hashtags that organizes practi-
cal knowledge, such hashtags can be used to filter specific
functions of the online CoP and types of practical knowledge
as follows:

1) Instructional strategies and theories.

2) E-learning workflows for face-to-face to online and

blended formats.

3) Educational technology tips.

4) ID jobs and career advice.

5) Feedback on online and blended learning experiences

and portfolios.

6) PD resources and events.

The second recommendation is to create specific onboard-
ing for new members by stating the online CoP’s purpose,
protocols for sharing knowledge, and the types of practical
knowledge available. The third recommendation is to adopt
a culture of accountability in which leaders and members of
online CoPs fact-check information and discourage misinfor-
mation by adopting professional competencies that allow IDT
professionals to self-assess their practice.

Software companies can design better support mechanisms
that address users’ most challenging technical aspects of
e-learning development in their respective CoPs on Face-
book and support websites. The Adobe Captivate support
website currently organizes troubleshooting discussions in
15 categories with general and in-depth aspects of the soft-
ware. Nevertheless, the support website lacks additional in-
depth topic categories and issues (e.g., slide manipulation and
response templates for mobile) that users encounter on the
Facebook group [97]. The Articulate Storyline support web-
site does not provide users with topic categories to organize
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software-related issues. Instead, users rely on threaded dis-
cussions to find solutions on the Articulate Storyline support
website [98]. Although it is unknown whether the e-learning
development software companies endorse their respective
Facebook groups, online CoPs and support websites lack
search mechanisms for allowing members to seek technical
solutions independently. Moreover, these companies benefit
from the findings by integrating the topic categories with
consistent hashtags in both online CoPs and support websites.

3) IMPLICATIONS FOR MLOPS

The study implemented NLP tasks in an unsupervised
manner to discover the patterns in practical knowledge in
online CoPs. The study established a critical foundation for
understanding member interactions and exchanging practi-
cal knowledge. The study also provided lessons for MLOps
about producing machine learning (ML) models as awareness
tools to provide insights into the patterns of the accumulated
practical knowledge. MLOps are a set of practices where
ML models are brought into production to increase quality,
management, monitoring, and automation in large-scale pro-
duction environments. Furthermore, developing awareness
tools can be guided by understanding the factors that impact
positive outcomes in online learning. In a meta-analysis of
online learning studies from 1998 to 2021, Yu [99] found
that behavioral intention, instruction, engagement, inter-
action, motivation, self-efficacy, performance, satisfaction,
and self-regulation were critical factors in online learning.
Shaik ef al. [100] argued that implementing NLP has
implications for improving learning processes in online envi-
ronments in five categories: understanding the end user
without human intervention, adapting learning environments,
automating repetitive tasks, personalized guidance and moti-
vation, and monitoring learner progress.

The Python code used in the NLP tasks supports the devel-
opment of ML models as dashboard components that can help
online CoPs in engagement, satisfaction, and self-regulation.
ML models can assist members and leaders in overcoming the
issue of knowledge discoverability at the member and lead-
ership levels. For example, a member dashboard can contain
four components and their respective Python libraries to visu-
alize word frequencies with WordCloud, classify user posts
by topic categories with LDA, organize pedagogical and edu-
cational technology entities with spaCy, and classify entities
by topic categories with spaCy and LDA. At the leadership
level, an administrative dashboard provides a high-level view
of the online CoP by integrating five components to identify
topic patterns in user posts, summarize word frequencies,
identify sentiment and assign topic categories with TextBlob
and LDA, count pedagogical and educational technology
entities in topic categories, and count user posts in the form
of word frequencies with lambda functions.

In higher education, the Python code also supports the
future development of awareness tools in LMS platforms
for IDT education. The accumulated practical knowledge
from online CoPs and past online IDT courses assists
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students in seeking potential solutions to ID problems. Recent
research on ML models in LMS platforms has focused on
predictive tasks with continuous or numerical features, such
as predicting student performance, providing resource rec-
ommendations, developing learner profiles, and automating
feedback based on student performance [101], [102], [103],
[104], [105], [106], [107], [108]. However, the integration
of accumulated practical knowledge from formal and infor-
mal sources using NLP attributes has not been developed in
LMS platforms. Integrating practical knowledge sources in
LMS platforms can provide IDT students with real-world
solutions and prevent them from accessing multiple informa-
tion sources to solve ID projects during coursework.

Huyen [109] argued that ML models must align with the
objectives that ultimately lead to positive outcomes. Addi-
tionally, ML models must be reliable, scalable, maintain-
able, and adaptable to operate efficiently at scale. Integrating
ML models on social media platforms can positively impact
the discoverability of practical knowledge while promoting
engagement, satisfaction, and self-regulation. In higher edu-
cation, integrating ML models in LMS platforms can provide
IDT students with the ability to solve ID projects by accessing
the accumulated practical knowledge in online CoPs and dis-
cussion boards from past online IDT courses while promoting
self-directed learning. In the proposed methodology, the NLP
tasks provided reliable word frequencies, entities, sentiment
analysis, and topic structures by implementing the respec-
tive stop words dictionary, lists of features for identifying
entities and sentiment, and appropriate semantic coherence
scores for topic modeling. Although the NLP tasks were per-
formed locally, the NLP tasks may present scalability issues
in a real-world context when processing a large corpus from
social media sources. For example, the text processing of the
large corpus in the Instructional Designer Facebook group
was the most time-consuming aspect because of the rule-
based nature of word frequencies and entity matching against
a dictionary of words during the POS tagging process and the
list of entity categories for classifying entities, respectively.
Even though the topic modeling component was an easy task,
parameter tuning for obtaining semantically coherent topics
required a significant processing time. Concerning maintain-
ability, the Python code used in NLP tasks is reproducible
in testing and production environments. Nevertheless, opti-
mization techniques are needed to reduce errors and latency
between the hosting server of the ML models and users’
dashboards.

While the proposed approach used three years of public
data for training purposes, future experimentation and test-
ing are required to examine the quality of produced topic
models on new text sources, types of processing (i.e., batch
or on-demand processing), data cleaning of self-promotion
and spam, and storing analytical insights in cloud ser-
vices. As ML models degrade due to the growth of practi-
cal knowledge, updating entity dictionaries is necessary for
tracking the performance of ML models when new entities
are created. Monitoring the semantic coherence scores in
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ML models is another critical task when semantic scores fall
below a given threshold, which leads to low-quality inter-
pretable topic structures. Regarding the types of processing,
batch and on-demand processing are two options available
for processing text sources. On-demand processing via cloud
services is the ideal solution, but further analyses of cost
and usability requirements are needed to determine the best
processing choice. Although the study relied on the manual
identification of posts related to self-promotion and adver-
tisements, the NLP tasks need to implement additional code
to correct grammatical mistakes and delete irrelevant user
posts to ensure the reliable generation of topic structures.
The last indispensable features are scaling text processing
capabilities and adjusting the cloud’s storage capacities of
analytical insights.

Before ML models are deployed in cloud services, the
NLP tasks implemented in the study require further opti-
mization techniques to increase robustness. Omar ef al.
[110] argued that NLP is susceptible to adversarial attacks
that lead to corrupted predictions. In their literature review
of the robustness of NLP, the authors stated that robust-
ness analysis tools, robustness metrics, and defense mech-
anisms are required for creating robust NLP pipelines after
deployment in the real world. Concerning robustness anal-
ysis tools, NLP tasks require further robustness analyses to
mitigate adversarial attacks that may occur during deploy-
ment, including the CheckList by Ribeiro ef al. [111], Robus-
tness Gym by Goel ef al. [112], and WildNLP by
Rychalska ef al. [113]. Robustness metrics are also necessary
to measure the robustness of the proposed method by obtain-
ing three metrics, including attack success rate, error rate, and
interval bound propagation (IBP) bound tightness, to under-
stand the level of normal accuracy and training accuracy dur-
ing word substitution attacks. Finally, the NLP tasks require
a defense mechanism through data augmentation when pro-
cessing input text sources in a real-world scenario. In data
augmentation, input words are masked to defend against word
substitution and character-level attacks.

F. LIMITATIONS

The present study was not without limitations. Community
members posted links to resource documents, blogs, video
tutorials, and research papers that were not analyzed because
the textual data were outside the Facebook platform. A signif-
icant amount of practical knowledge was contained in these
external resources. Nevertheless, external resources were
not analyzed due to additional data cleaning mechanisms
required to extract text from documents and obtain video
transcriptions.

VI. CONCLUSION AND FUTURE WORK

The study provided a systematic approach to examining tacit
or practical knowledge from four CoPs when IDT profes-
sionals attempted to solve design problems asynchronously
on the Facebook social media platform. By examining
the written communication in each online CoP, the study
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quantified the organizational knowledge capital, types of
practical knowledge, and hidden topic patterns. The study
documented the frequency and exchange of pedagogical and
educational technology entities. This study also uncovered
an active exchange of cognitive and technical dimensions
of tacit knowledge. Tacit cognitive knowledge was present
in the Instructional Designer and Designers for Learning
Facebook groups about implementing instructional and
assessment strategies, making career suggestions, presenting
effective e-learning production workflows, and evaluating ID
portfolios. Tacit technical knowledge was observed in the
Adobe Captivate Users and Articulate Storyline Facebook
groups regarding manipulating e-learning development soft-
ware and integrating online courseware in LMS platforms.
The findings provided recommendations for organizing the
accumulated practical knowledge that allows community
members to seek design solutions independently. Though
active member participation occurs in online CoPs, commu-
nity leaders must devise protocols for correcting misconcep-
tions about learning and aligning their current organizational
practical knowledge to professional benchmarks to enable
self-evaluation of members’ tacit cognitive knowledge. The
findings provide opportunities for targeted PD in the learn-
ing sciences to enhance the pedagogical foundations of IDT
professionals. Community leaders should include pedagog-
ical resources to support IDT professionals’ PD needs and
decision-making of educational technology tools. It is also
imperative for online CoPs to become information hubs to
support instructional decisions during unprecedented circum-
stances that require a rapid shift from in-person learning to
online, blended, and hybrid-flex forms of learning. The study
established a foundational step for the future development of
awareness tools to facilitate community members’ exchange
of design solutions for ID projects.
The future directions of the study involve the following:

« Investigating user posts by sentiment to discover the
challenging aspects of ID projects from the practitioner’s
perspective.

« Examining practical knowledge to understand the col-
lective quality of practical knowledge and evolution of
topic models in online CoPs.

« Creating a comprehensive entity dictionary from online
CoPs to investigate practical knowledge in IDT CoPs on
different platforms.

« Testing the development of APIs to support native and
third-party integration of awareness tools to assist online
CoP leaders and members with knowledge discoverabil-
ity of practical knowledge.

APPENDIX

Even though web scraping is still a relatively new and emerg-
ing practice, Krotow and Silva [114] argued that ethical issues
are associated with the automatic extraction of information.
According to the authors [114], web scraping entails five eth-
ical considerations: individual privacy and rights of research
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participants, discrimination and bias, organization privacy,
diminishing organizational value, and impact on decision-
making. Eventhough web scraping involves ethical hurdles to
academic researchers and Terms of Service (TOS) explicitly
prohibits web scraping and crawling of their platforms, Man-
cosu and Vegetti [115] noted that scraping public information
from online platforms may be safe for researchers because
research on social media serves the public interest. Addition-
ally, Catanese ef al. [116] argued that TOS is designed to
perverse the status quo by enforcing behavioral and technical
limitations to web scraping.

Technology plays a critical role in sustaining knowledge
creation and sharing. Nevertheless, it can result in negative
consequences when comparing online CoPs because of the
lack of anonymity and privacy that lead to unintended iden-
tification of users when searching for authorship of posts
on Facebook. For this reason, any identifiable information
(i.e., links to public posts and authorship) was deleted to
ensure the anonymity and privacy of users. Text sources are
not publicly available to prevent plagiarism and protect online
CoPs’ organizational knowledge [117].
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DEVELOPMENT: A DESIGN CASE FOR RE-DEVELOPING THE EDHUB

LIBRARY TO IMPROVE USABILITY AND ALIGNMENT OF CONTENT
WITH TEACHER STANDARDS
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The EdHub Library is an online teacher professional devel-
opment platform that serves 250 school districts as part of
the Network for Educator Effectiveness in Missouri. It has a
collection of more than 300 online activities. This design case
describes the efforts of re-developing EdHub due to techni-
cal and usability issues of the first generation of the content
management platform. The second generation of EdHub
was the product of two prototypes and two user testing ses-
sions between January 2018-April 2018. A literature review
of information-seeking habits of K-12 teachers and web de-
sign and usability standards guided the development of the
second generation of EdHub to support teachers browsing
and searching behaviors. Five design decisions support the
second generation of EdHub in terms of (1) priority of visual
elements, (2) ease of navigation, (3) content alignment with
Missouri teacher standards, (4) organization of results in the
search engine, and (5) unifying learning objectives, activities,
reflection, and external resources.

Javier Leung is an EdHub Instructional Designer at the University
of Missouri and a Ph.D. Candidate in Information Science and
Learning Technologies at the University of Missouri-Columbia. His
research focuses on data science and natural language processing
methods to examine usability of learning designs and extraction
of knowledge structures from unstructured and web analytics data
sources,
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INTRODUCTION

Teacher professional development (PD) is an essential aspect
of continuing education and professional development

of teachers' careers. Studies have shown the impact of PD

on improving teaching practices and changing teachers'
beliefs and attitudes. Borko (2004) describes teacher PD as

a contextualized educational system that consists of a PD
program, facilitators as providers of PD, and teachers as the
recipients of PD.

Online platforms allow teachers to access resources and
communities of practice 24/7 (Rice & Dawley, 2009). Online
platforms can deliver multiple opportunities for professional
development, coaching or peer-mentoring, student-fo-
cused lesson planning, and customized training materials.
Research studies suggest strong evidence between teacher
professional development and reflection. When teachers
perform journaling self-reflection activities in professional
development, teachers can critically assess their classroom
practices that lead to increased student learning (Thorpe,
2004; Chitpin, 2006; Pultorak, 1993; Yang, 2009; Saylor &
Johnson, 2014). With the rise of internet technologies, online
platforms make online teacher professional development
and self-reflection activities possible,

Along with similar online teacher professional development
platforms such as PE Central and MyTeachingPartner, the
EdHub Library is an online professional development
platform with more than 300 online modules along with
self-reflection activities that are aligned with Missouri teacher
standards (Hanson, Pennington, Prusak & Wilkinson, 2017,
MyTeachingPartner, 2017). This paper describes the efforts
for developing the second iteration of the EdHub Library
based on user testing sessions of prototypes, review of the
research literature of teachers'information-seeking habits,
and specific platform usage findings related to EdHub users.
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FIGURE 1. EdHub Generation 1 School Administrator Dashboard.

CONTEXT

EdHub is the online professional development component
of the Network of Educator Effectiveness (NEE) at the
University of Missouri. NEE is a comprehensive system

that tracks multiple measures of educator effectiveness to
support teacher growth through classroorn observations,
student and teacher surveys, and yearly teacher observation
training sessions for school administrators. The EdHub
Library was initially funded by the Bill and Melinda Gates
Foundation in 2014 in partnership with the University of
Missouri. Since 2014, my responsibilities include (1) collab-
orating with subject matter experts on content writing, (2)
developing self-paced modules and face-to-face training, (3)
maintaining and deploying materials, and (4) implementing
web analytics across the platform.,

NEE school districts have access to (1) a video library of

best practices in classroom teaching, (2) a video library of
examples for scoring classroom observations, (3) a catalog
of self-paced online modules, (4) copyrighted assessment
instruments, (5) journal reflection activities, and (6) yearly
calibration training sessions for school administrators. EdHub
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provides online professional development resources on a
wide variety of topics for teachers and instructional leaders
that support instructional practices based on indicators of
teacher effectiveness.

The first generation of the EdHub platform was built on an
open-source content management platform called Plone.
On the EdHub platform, users registered for an account us-
ing their school email address to access online professional
development, journal features, an administrator and teacher
dashboards, as shown in Figure 1. In the EdHub platform,
teachers and administrators were organized by the school
district. School administrators could observe teacher activity
and read journal entries when teachers shared their journals
with administrators.

When searching for professional developrent in the first
generation of the platform, users could either browse
resources from the homepage directory or search for ma-
terials tagged by teacher standards. Each activity contained
a voluntary journal activity that teachers might choose to
complete and share with school administrators.
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FIGURE 2. Five-Level Sequential Navigation of EdHub Generation 1.

Three types of learning objects are available in EdHub,
including (1) self-paced materials, (2) open lessons that
don't require login credentials, and (3) blended activities.
The EdHub Library team is composed of two Instructional
Designers who develop professional development materials
in-house. The professional development materials are
aligned with teacher standards in collaboration with NEE
trainers and subject matter experts,

Design Motivation

The motivation for redesigning the library from the ground
up was to (1) improve usability of the site, including struc-
ture, navigation, and content access in order to facilitate
efficient navigation of resources without additional logins or
user permissions, and (2) improve the site’s privacy, as users
had expressed concern about the visibility and sharing of
their journal reflection entries with other school districts on
the platform.

A survey was sent to approximately 300 school districts in
2016 asking for feedback from Missouri teachers in terms
of their frequency of use, alignment of EdHub content with
their PD needs, and barriers related to access. Even though
the survey response rate from teachers was approximately
five percent, survey results were consistent with the feed-
back from school administrators who attended mandatory
in-person training sessions. The feedback from the teacher
survey and in-person training sessions from administrators
shared common areas of improvement as follows:
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1. To improve navigation and usability of the site

2. To make the platform accessible to all schools without
login and user registration

3. Toeliminate privacy and sharing issues over teacher
reflection

4. To maintain the platform and content within the
department

To Improve Navigation and Usability of the Site

Responses from the 2016 survey showed that school districts
experienced technical challenges in accessing the EdHub
Library. The majority of responses involved simplifying login
and navigation requirements that allowed them to navigate
relevant materials related to their professional development
planning, units of instruction development, and student
lesson planning.

The first generation of the platform had several navigation
issues and five levels of access for navigating instructional
modules. Platform features (Search, My Dashboard, Library
Catalog, and Journal) were accessible from the homepage
as the primary navigation menu. Navigation issues were
present in the Library Catalog that contained all instructional
modules organized by topics, modules, and activities/re-
flection. The navigation of the Library Catalog could only be
accessed in a sequential structure without giving users the
ability to skip sections.

For example, users accessed content topic modules located
atthe fourth level from the Library Catalog homepage. As
users navigated through the series, topics, modules, and
activities, users became overwhelmed by the number of de-
scriptions for each section. The series or instructional themes
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described the overall summary of the topics within the
series. Also, the alignment of professional development and
teacher standards was not present until users navigated to
the modules. The navigation prevented users from properly
assessing materials and their alignment with teacher stan-
dards. Even though the first generation of EdHub provided a
breadcrumb menu to help users to understand their location
in the library, the menu became lengthy as users navigated
to module sections. Figure 2 shows the sequential naviga-
tion of the first iteration of the EdHub platform.

With the implementation of the sequential navigation
structure, users found the information overwhelming as they
navigated through the series, topics, modules, and activities.
The navigation structure prevented users from browsing

the entire catalog and searching for specific pieces of
professional developrnent. Also, users could only use the left
menu to navigate the site and perform search functions. In
video demonstration 1, the user performed several steps to
access a module’s overview, activities, and resources in three
separate pages.

Video demonstration 1. EdHub Generation 1
Navigation Challenges.
https:/media.dlibindiana edu/media_objects/5t34t258n

To Make the Platform Accessible to Alf Schools Without Login
and User Registration

After signing up for an account on TheEdHub.org, users en-
tered group and content tokens that allowed them to access
their assigned school districts and designated professional
development materials. Users were required to enter two
tokens or access codes, First, users entered the group token
that placed teachers in their respective school districts.
Second, users entered a content token to control access to
different types of materials based on their role and employ-
ment status. Without these codes, registered users could not
access any of the content, features, and school districts.

Also, the content codes allowed principals and teachers

to access different types of materials. For example, school
administrators had access to the entire catalog of profession-
al development and principal training materials. In contrast,
teachers had access to the whole professional development
catalog except for principal training materials and copyright-
ed indicator rubrics.

Although users did not experience issues with entering the
access code for their assigned school districts, users experi-
enced issues with entering the access code for professional
development materials. In most cases, teachers copied and
pasted the access code for materials with blank spaces from
the registration email that caused EdHub to warn users of
an invalid access code. Teachers who moved to new school
districts needed two new access codes for their respective
schools and professional development materials. However,
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teachers who changed school districts could not migrate
their journal entries and user activity to their new school
districts

To Eliminate Privacy and Sharing Issues Over
Teacher Reflection

In the first iteration of the EdHub Library, teachers expressed
their concern with the lack of full privacy controls over
Jjournal entries based on the 2016 survey and on-site training
sessions, The journal feature in EdHub allowed teachers to
record their professional development activities and lesson
planning.

As teachers worked on their journal entries, teachers set their
journals as draft status that could only be viewed by them.
Once teachers completed their journal entries, teachers had
the option to set journals private or publish them as public
on the platform that was available to all registered users
regardless of school district. Teacher feedback identified the
need for full control over journal entries by allowing them
to publish their journal entries to selected individuals within
a school district group. Even though the EdHub staff and
school administrators were unable to see private journal
entries, NEE decommissioned the journal feature due to
potential liability.

Although the first iteration of EdHub intended to create a
community of practice that allowed sharing of materials
within a school (e.g, sharing units of instructions among
teachers of the same subject matter), an additional layer of
privacy was required for sharing journal entries with specific
individuals.

Due to time constraints and limited resources, the journal
feature was not incorporated in the second generation

of EdHub. Instead, teachers could download the journal
template from the homepage. Also, teachers were responsi-
ble for sharing with their supervisors and storing their journal

entries.

To Maintain the Platform and Content Within
the Department

The first iteration of the EdHub Library was developed by a
third-party vendor in Missouri, Practical Concepts Consulting,
using an open-source content management system called
Plone. Although Plone was a highly customizable platform
that handled user permissions and content access, the final-
ized production version of the library had issues related to
navigation, privacy, and user and access permission settings.

These issues prevented users from engaging with the
journal feature and navigating to professional development
materials. For EdHub administrators, the platform could

not handle uploading and maintaining multimedia assets
and external links. With this particular limitation on the web
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FIGURE 4. Most searched terms in EdHub Generation 1.
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storage, multimedia assets were hosted outside the platform
to accormmodate web traffic.

Even though the platform would have required external
funding to fix the platform’s user access settings and privacy
controls of the journal feature, the first iteration of EdHub
also needed a significant overhaul to improve navigation
and search of materials. At the time of my employment in
2014, the platform was already in use without any user and
technical testing.

In December 2018, the platform was decommissioned in
favor of an embedded version of EdHub within the NEE
Data Tool that required no additional logins and worked
within the existing process of collecting teachers’ classroom
observation data.

Design Decisions and Literature Review on Teachers’
Search Habits

In October 2015, the free version of Google web analytics in
the first iteration of EdHub provided stakeholders with in-
formation about users'library navigation and login patterns.
Although the free version of Google Analytics generated rich
data about users (e.g., page views and time on page) and
their point of access (e.g., NEE Data Tool or EdHub domain),
Google Analytics did not track IP addresses, personal identifi-
able information, or contents of teachers'journal artifacts.

The web analytics data showed that users navigated to
activities related to EdHub how-tos, assessment, rubric
implementation, and principal training materials from
October 2015 to February 2017 (Figure 3). Even though
these activities were required during the on-site training
sessions in the summer and at the beginning of the school
year, there were little to no page views for other activities
available in the library.

In Figure 4, web analytics of the first generation of EdHub
showed that users performed specific searches related to
teacher indicators (e.g., NEE 4.1 for student problem-solving
and critical thinking, NEE 7.4 for monitoring effect of instruc-
tion) and particular processes for professional development
(e.g., TPDP or teacher professional development plan).
Interestingly, users performed search queries using teacher
indicators (e.g, 1.1, 12, 5.1) rather than entering actual words
for different areas of teacher professional development. Also,
users performed specific search queries related to profes-
sional development processes such as units of instruction,
classroom observation videos, professional development
plans, and student surveys.

In a specific study related to the first iteration of EdHub, | per-
formed a clustering analysis of web analytics data to derive
use cases and navigation patterns of new and returning
visitors. Four out of seven navigation patterns indicated that
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new and returning users accessed EdHub through the NEE
Data Tool (Leung, 2018).

New and returning school administrators accessed the site
to review group and content access codes, user profile pref-
erences, reset passwords, and reviewed teachers’journal en-
tries. Also, new and returning school administrators accessed
mandatory training related to recertification and classroom
observation processes. New and returning teachers accessed
the site to perform journal tasks and accessed materials
related to cognitive engagement, affective engagement, and
assessment.

By exploring the web analytics data, feedback from training
sessions, and support calls, the redesign of the EdHub Library
incorporated five design decisions during development

and testing of prototype A and B. The design decisions
accounted for two types of users who would use the second
generation of EdHub. First, users (e.g, first-year teachers)
who were new to professional development did not fully
understand teacher indicator alignment or individuals (e.g.,
library specialists, paraprofessionals, speech coaches, and
instructional coaches) who assisted teachers and did not use
teacher indicators in their roles. Second, users (e.g, tenured
teachers and school administrators) who were seasoned
teachers and understood how to search for standards-based
professional development.

The design decisions stemmed from three sources: (1) web
analytics data of the first generation of EdHub, (2) 2016
teacher survey, and (3) feedback from mandatory training
sessions of school administrators. The overarching goal of
the design decisions was to support users with multiple
ways of searching and browsing professional development
within a familiar environment (i.e, NEE Data Tool) regardless
of professional development experience. The following
design decisions were based on the literature of teachers’
information-seeking behaviors and Nielsen's heuristics for
user-interface design.

Design Decision 1: Prioritize Visual Elements

In user interface design, Nielsen (1994) articulated general
or broad principles for interaction design that included (1)
visibility of system status, (2) match between the system
and real world, (3) user control and freedom, (4) consistency
and standards, (5) error prevention, (6) recognition rather
than recall, (7) flexibility and efficiency of use, (8) aesthetic
and minimalist design, (9) help users recognize, diagnose,
and recover from errors, and (10) help and documentation.
More specifically to teachers information behaviors, Limberg
(1999) identified three major patterns of teachers'variation
of information-seeking habits in the areas of fact-finding,
choosing the right information, and analyzing and scrutiniz-
ing information.
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Even though the first generation of the platform did not
meet Nielsen's heuristics in terms of consistency and
standards, recognition rather than recall, and aesthetic and
minimalist design, the redesign of EdHub emphasized the
implementation of the aftermentioned heuristics principles
that helped both non-experienced and experienced users
with consistent interface experiences.

These consistent interface experiences involved previewing
all topics from the library homepage and their alignment
with teacher indicators, accessing instructional modules

in two (e.g, using the search engine or teacher indicator
sitemaps) or three steps (e.g., navigating from the homep-
age, topic list, and module), and recognizing the location of
materials with consistent breadcrumb navigation available in
all pages of the library.

The first generation of EdHub did not prioritize the organiza-
tion and preview of the library catalog and its contents. This
issue prevented users from assessing the usefulness and nav-
igation of instructional modules. Also, the content alignment
to teacher indicators was not evident as users navigated
sequentially to instructional modules. The second generation
of EdHub allowed users to assess the contents of topics with
consistent arrangements from the homepage to the desired
professional development module, This decision benefited
non-experienced users who were casually browsing topics
on the homepage without a specific topic or standard.

As shown in video demonstration 2, prototype A organized
the EdHub Library in three sections (getting started, search
engine feature, and topic categories). In video demonstra-
tion 3, prototype B of the EdHub homepage was reorganized
in the four main sections in a vertical view starting with the
getting started section, search engine feature, indicator site-
maps, and topic categories organized in alphabetical order.

Video demonstration 2. Homepage EdHub Generation 2
Prototype A.
https:/media dlib.indiana.edu/media_objects/5d86ph68v
Video demonstration 3. Homepage EdHub Generation 2
Prototype B.

nttps:.//me:

dlibindiana.edu/m _objects/np193t51b

Design Decision 2: Ease of Navigation Across All Levels

In the first iteration of the platform, a common characteristic
between new and returning teachers and administrators
groups was the increased web traffic to web pages that
listed all resources by teacher indicators (Leung, 2018). Even
though the library offered around 300 activities, users did
not access other areas of the library, such as teacher-stu-
dent communication, data analysis, Cornmon Core State
Standards, and Next Generation Science Standards, and
family and community involvement.
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This decision aimed to improve the information architecture
of EdHub by changing the navigation structure and informa-
tion presentation. In the second generation of EdHub, the
navigation structure changed from a sequential navigation
scheme to a hierarchical structure. The hierarchical structure
allowed users to navigate the library in three steps or less
with consistent alignment with teacher indicators. Unlike
the first generation of EdHub, the information presentation
of topics was consistent across the homepage, topics, and
modules

For non-experienced and experienced users, the homepage
of the second generation of EdHub provided consistent
overviews of teacher indicator alignment and overviews

of the topics and their content, At the topic level, topics
were organized based on the topic’s previews from the
homepage with precise alignment to teacher indicators. At
the module level, learning objectives, activities, reflection,
and resources were organized consistently and aligned with
teacher indicators. In video demonstration 4 of prototype A,
a topic category was organized into subtopic categories with
relevant descriptions and a filter option to search by term. In
video demonstration 5 of prototype A, a module provided
users with a single point of access to objectives, activities,
tasks, and resources

Video demonstration 4. Level 2: Topics EdHub
Generation 2 Prototype A.

https://media.dlib.indiana.edu/media_objects/xw42ns53g

Video demonstration 5. Level 3: Modules EdHub
Generation 2 Prototype A.

https//media dlib.indiana.edu/media_objects

Design Decision 3: Search Materials with Sitemaps
Across Multiple and Individual Teacher Standards

With increased web traffic to indicator pages in the first
generation of EdHub, this design decision was carried over
to the second generation of EdHub with changes to the
navigation that allowed for user input within the lists to filter
materials by keyword or indicator. In the first generation of
EdHub, the sitemaps required two pages to list all resources
by teacher indicators. In the second generation of EdHub,
the sitemaps were single pages that provided direct access
to instructional modules by indicating the alignment and
location of materials,

The siternaps presented a clear benefit in terms of narrow-
ing the information-seeking needs of users. According to
Shipman (2015), teachers most frequently looked for instruc-
tional design of lesson plans, exercises, assessment tools, and
action research topics related to teaching. While sitemaps
provide users with the ability to narrow their choices, site-
maps might provide users with a certain level of confidence
in finding professional development aligned with indicators.
Williams and Coles (2007) argued that teachers expressed
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less confidence in their information literacy abilities for
finding and evaluating research-based information related to
teaching.

The second generation of the EdHub Library provided
different types of training modules, including classroom ob-
servation video examples, self-paced instructional modules,
examples of units of instruction, face-to-face training materi-
als, and classroom observation self-assessment activities

With teacher indicator sitemaps in the second generation
of EdHub, users were able to find specific professional
development with alignment to indicators regardless of
the type of professional development activity, This design
decision benefited experienced users looking for targeted
professional development by teacher standards. In video
demonstration 6 of prototype B, indicator siternaps allowed
users to navigate to a full list of instructional modules by
browsing the list by indicator or entering terms to narrow
module topics of interest.

Video demonstration 6. EdHub Search by Indicator
Generation 2 Prototype B.
https:/media dlibindiana.ed

Design Decision 4: Search Materials with a Search
Engine and Provide Query Results Organized by the
Homepage Topic Structure

Using a search engine to find information is a common
feature across websites. Kundu (2015) reported that teachers
preferred using a search engine over printed materials for lo-
cating professional development topics. Limberg and Sundin
(2006) said that teachers’information-seeking approaches
were both user-oriented and context-dependent when
searching for subject-specific and general information appli-
cable to several contexts and applications in the classroom.

While teacher indicator sitemaps were characterized by
context-dependent searches based on users’information
needs of teacher indicators, the search engine also allows

for user-oriented information tasks based on keywords of
interest. The search engine feature enabled non-experienced
users to locate materials across multiple topics and modules
without fully understanding the alignment with teacher
standards.

The search engine results were presented with a similar
topic structure from the EdHub homepage across multiple
topics. For example, the search term “technology” displayed
in the search engine results across several topics in Indicator
Classroom Exemplars, Cormmunication, Beginning Teacher
Assistance Instructional Strategies, and Professional Practices.
In video demonstration 7 of prototype B, the search engine
feature allowed users to search modules across multiple
topics with their respective topic category.
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Video demonstration 7. EdHub Search Engine
Generation 2 Prototype B.

https//media diib.indiana.edu/media_objects/7m01¢c4808

Even though this design decision was implemented across
the homepage, topic, and module in prototype A, the user
testing showed that users had display issues when searching
at the topic and module-level due to the lack of adequate
space on the top right of the page. In prototype B, the search
engine was only available on the homepage that provided
proper space for previewing and navigating search results.

Design decision 5: Create a Single Point of Access for
Learning Objectives, Activities, and External Resources

In the first generation of EdHub, instructional modules were
in three separate pages. For example, users navigated se-
quentially to reach the external resources and used the back
button in the browser or breadcrumb menu to return to the
previous page. In the second generation of EdHub, the com-
ponents of an instructional module are logically laid out in

a single page in three distinct segments, including learning
objectives, activities and tasks, and resources. The bookmark
navigation menu at the top of the module allowed users to
navigate to different sections of the instructional module.

According to Ermeling (2010), Joyce and Showers (2002),
and Peery (2002), teachers preferred looking for instruc-
tional solutions with immediate improvement in student
outcomes. By presenting the entire instructional module,
the alignment of content to teacher indicators was evident
at the beginning of the module. It also allowed non-ex-
perienced and experienced users to make judgments if a
particular material addressed their professional development
needs. In video demonstration 8 of prototype B, instructional
modules were kept with the similar organizational structure
based on prototype A, but the search engine at the module
level was eliminated due to display issues.

Video demonstration 8. Level 3: Modules EdHub
Generation 2 Prototype B.
https://mediadlib.indiana.edu/media_object

PROJECT DESCRIPTION AND
TEAM MEMBERS

Before developing and testing prototypes of EdHub, the NEE
team suggested that the professional development materials
could be hosted in Canvas learning management system
(LMS) in early September 2017. As a cost-saving measure,
migrating EdHub materials to Canvas LMS would leverage
existing resources with minimal downtime. Even though |
mocked up and tested an alternative interface of the library
in Canvas and similar systems, several challenges were as
follows:
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1. The linear sequence of modules did not support search-
ing of content across multiple indicators.

The linear sequence of modules did not support the
browsing of content at a high level to provide a bird's-
eye view of what is available in the library. The content
cannot be easily explored using a modular approach.
The lack of search engine support within Canvas
prevented users from locating modules across several
topics and indicators.

Logins for non-student members were not allowed at
the university at the time.

Course quotas did not accommodate the large number
of resources already on EdHub. The complexity and

lack of tracking changes of multimedia learning objects
within a Canvas course shell could be easily broken
when moving assets between folders and directories.

S}

&

~

[

To overcome the limitations of Canvas, | developed a pro-
totype as a standalone version of the EdHub Library using
Bootstrap, Cascading Style Sheets (CSS), and HTML. This
project also incorporated a third-party search engine called
SiteSearch360 that allowed for customized indexing of web

1. EDHUB GENERATION 2 REQUIREMENTS

resources, keyword dictionaries, and search results previews
(SiteSearch360, nd).

The redesign project consisted of four phases for 11 months
from initial meetings for phasing out the first generation of
EdHub to the final communication of the availability of the
second version of EdHub to all school districts.

The team consisted of two Instructional Designers (one
developer and one subject-matter expert), five NEE trainers,
and one director. | was responsible for developing the
prototypes and keeping track of changes. | was also the
Instructional Designer accountable for maintaining and de-
ploying the platform. Table 1 describes a summary of project
events in developing and testing the second generation of
the platform.

Overall, the second generation of EdHub encapsulated five
design decisions in the development and testing of two
prototypes and two user testing sessions: (1) visual priority
of elements, (2) ease of navigation, (3) browsing materials
by teacher indicators, (4) searching across multiple content

October 2017 .

Migrate content to a new webserver
+ Meet with internal stakeholders for phasing out EdHub Generation 1
+  Establish a timeline for EdHub Generation 1 phasing out

November 2017 .

Meet with IT for integrating EdHub Generation 2 into an existing tool
+ Meet with internal stakeholders to prioritize essential functions of EdHub

December 2017 .
2. EDHUB GENERATION 2 PROTOTYPE & TESTING

Announce phasing out of EdHub Generation 1 to all school districts

January 2018 +  Prototype initial idea by incorporating five design decisions: Visual priority, navigation,
browsing by indicators, searching across content, and unifying module, activities, tasks, and
resources in one page.

February 2018 + Conduct user testing with trainers of prototype A in a test environment

+  Complete content migration to the new server

March 2018 .

Incorporate feedback from prototype A for improving search engine results organization

April 2018 .

environment

3. EDHUB GENERATION 2 DEPLOYMENT
May 2018 .

Create an MS Word of the journal template
+ Conduct user testing with trainers and external participants on prototype B in the test

+  Finalize technical testing of prototype B in the production environment

Deploy EdHub Generation 2 for Summer Training 2018 in the production environment
+  Perform adjustments to user tutorials per user feedback from training sessions

August 2018 .
4.EDHUB GENERATION 1 PHASE-OUT

Communicate deployment of EdHub Generation 2 to all school districts

| December 2018

+  Phase out EdHub Generation 1

TABLE 1. Summary of Project Milestones.
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topics, and (5) consolidating module activities,

resources, and reflection within a single page.

Phase 1: EdHub Generation 2
Requirements

In October 2017, the NEE tearn held several
meetings to discuss phasing out the first

generation of EdHub. The group also dis-
cussed finding a new web hosting service for

storing multimedia assets and instructional

materials that could accommodate substan-
tial web traffic of 35,000 users based on web
analytics data (Leung, 2018). In November and
December 2017, internal stakeholders and IT
staff discussed the possibility of embedding
EdHub within the existing Data Tool that
collected classroom observation scores and
student surveys. Accessing the library within
the Data Tool was a priority for stakeholders
since it would eliminate the need for teachers

to remember login credentials and access

tokens for groups and content.

FIGURE 5. Three-Level Hierarchical Structure of EdHub Generation 2.

We also discussed the platform's elements

that were required for teachers to provide easier access and
navigation to professional development materials. Due to
the lack of funding and expertise in Plone development,
platform features, such as journals, administrator dashboard,
and content and group access codes, did not need further
development by IT staff. NEE notified users about the phas-
ing out of the platform and asked users to download any
journal entries from the old platform until December 2018.

Phase 2: EdHub Generation 2 Prototype and Testing

During the prototype and user testing phase in January—
February 2018, | developed prototype A of the EdHub
homepage that contained relevant information about get-
ting started, bookmarks, news, and curated content sections.
Users could glance over topics available from the homepage.
When a module was selected from the topic list, users had
the entire module organized in three clear headings as
objectives, activities, and resources,

The critical differences between prototype A and the first
iteration of the EdHub involved (1) collapsing five levels of
sequential navigation down to three hierarchical levels, (2)
prioritizing important information first in clear sections that
allowed users to look at overviews of all topics, (3) presenting
content alignment and consistency with teacher indicators
atall levels, and (4) encapsulating module information in a
single page without having to navigate each section.

By implermenting a hierarchical or tree structure in the pro-
totype, users began with broader categories of information.
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They then drilled down to specific topics and modules to
find more detailed information. Unlike the sequential struc-
ture, the hierarchical structure allowed for efficient naviga-
tion in and out of topics and modules, as shown in Figure 5,
It also incorporated breadcrumbs throughout the library to
indicate the location of materials and facilitate navigation.

In the first user testing session in March—-April 2018, five train-
ers were given full access to prototype A of EdHub. These
five users were trainers for NEE who had not previewed the
prototype, but were aware of the navigation challenges of
the first iteration of EdHub. Participants were given written
instructions about any obstacles in performing eight

tasks for locating and browsing professional development
modules.

These tasks included looking for materials under an hour
related to (1) Instructional Videos related to Indicator 7.4, (2)
Cognitive Engagement, (3) Evaluation of School Counselor,
(4) Beginning Teacher Assistance, (5) Critical Thinking, (6)
Professional Development related to Indicator 5.3, (7) Units
of Instruction Examples, and (8) a module of their choice.
For each task, participants were asked to check whether
they were able to find the module with their location in the
library, write down any suggestions or challenges during
the task, and provide overall feedback for the entire user
experience.

Although all participants were able to perform all tasks in
prototype A under 30 minutes with their correct locations
of the materials, two pieces of feedback were related to the
visual elements and search
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functions of the homepage. User feedback
also indicated display issues with search
engine results at the topic and module levels,
More specifically, users suggested the follow-
ing items incorporated in the homepage for
the next prototype.

1. Change the location of the search bar

function and gold boxes (getting started ""’"M"'m"n mlmmnmﬂ
and bookmarks), to the bottom of the * Getting Started with NEE « Journal Template (®
* Getting Started with EdHub *  Formative Assessment Strategy Cards (8
ki L R
2. Eliminate News and Curated content — oM
sections - Pk

3. Reduce the size of the EdHub logo to
make the Getting Started section more
prominent

4. Add a Social bookmark section

5. Eliminate the search engine feature at the
topic and module level due to screen size
constraints

6. Improve the presentation and organi-
zation of search engine results to reflect

Browse the EdHub Library in three ways:
1. Type a keyword in the search box

4 Type a term. Press ‘Enter” to view results

2. Browse by NEE Indicator

content groups on the EdHub homepage N— — — — )
7. Organize the homepage in four logical (Eismdne amderan Sanley: Sty St
sections and accommodate different
ways to look for content as follows: AR
a. Providing getting started informa-
tion and the journal template for
download EdHub Library Topics (A-Z)
b. Presenting search engine results by
topic
¢ Browsing by teacher indicators using
dedicated sitemaps Ad e Tha e Buildin
d.  Browsing topics in alphabetical order Library ~ Assistance Instructional Skills
2 a a as

With significant changes to the homepage
layout and search engine results display,

the old prototype became prototype B that
incorporated dedicated pages for displaying
all professional development materials by

Administrator Library

This section of the EdHub
Library provides
information about the
Administrator evaluation
and organizers,

Assessment

NEE Indicators: 21,7.1,
72,7374

‘This topic provides
modules that explore the
many dimeasions of
assessment

Beginning Teacher
Assistance

NEE Indicators: 12,5.1
52,61,7.4,83

This topic supports
beginning teachers in NEE
schools. The materials are
aligned t the BTA
requirements set by the

Building Instructional
Skills

NEE Indicators: 12, 4.1,
52

‘This topic addresses the
instructional skills
addressed by the most
used NEE Indicators,

teacher indicators. Four significant sections
of the EdHub homepage were displayed in
prototype B by prioritizing the overview of

State of Missouri,

the topic contents available in the library, as
shown in Figure 6.

These prominent sections of the homepage included (1)
information on getting started and mandatory training
modules, (2) locating materials using a search engine, (3)
browsing lists of materials by teacher indicators, and (4)
browsing all available topics with previews of topics and
alignment with teacher indicators.

With prototype B deployed in the test server, the second
user testing session included the five NEE trainers from the
first user testing session of prototype A. The same group
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FIGURE 6. Reorganization of the EdHub Homepage Prototype B.

of testers helped to verify the improvements and identify
further navigation challenges. In addition to the NEE trainers,
three participants outsicle NEE at the Assessment Resource
Center (ARC) volunteered to participate in the second user
testing session.

These outside participants had not seen the prototypes and
had no experience with teacher professional development.
Atotal of 8 participants were given instructions with eight
preselected topics different from the first user testing
session. Participants were asked to check if they were able

89




to locate the topic, jot down the location of the material,
and provide specific feedback or challenges for each task.
Participants were also asked to indicate the search method
of thelir choice using the search engine, sitemaps, or the
Edhub homepage topic list.

While the five NEE trainers performed all tasks successfully
under 20 minutes using teacher indicator sitemaps and
provided positive feedback for the changes implemented
in prototype B, the outside participants spent around 30-40
minutes locating topics by browsing the EdHub homepage
and using the search engine. However, the external par-
ticipants did not use the sitemaps because of the lack of
familiarity with teacher indicators. To verify the correctness
of the tasks, | checked the users'responses to the materials’
location.

The overall user feedback in prototype B indicated (1) the
ease of readability of the library homepage with clear
previews of topics and alignment, (2) user choice for
searching materials by indicator, search engine, or browsing
the homepage, (3) the ease of use in accessing desired
materials, and (4) general awareness in recalling the location
of modules in the library.

Although five outside participants responded to the
recruitment call, two participants were unable to attend the
sessions due to scheduling issues. Also, the user testing ses-
sions did not contain the journal template. The template was
a Microsoft Word document with blank spaces for entering
teacher reflection that was not necessary for performing
tasks during user testing sessions.

Nielsen and Launder (1993) noted that 75-99% of usability
problems could be detected with five users. While the user
testing sessions met the minimum number of participants
with experienced and non-experienced users based on
Nielsen and Launder’s recommendation, it would have been
possible to generate additional insights related to usability of
the platform and users'information needs by recruiting addi-
tional external users with no prior knowledge or experience
in teacher professional development.

Towards the end of the prototype and testing phase in April
2018, prototype B was finalized with minor tweaks to topic
titles based on the second user testing session. In collabo-
ration with the IT team, prototype B was embedded in the
production server within the NEE Data Tool using the iframe
HTML tag. In the technical testing of the library, the IT team
discovered that the display height of EdHub did not render
correctly in the production server.

The height of EdHub collapsed to the height of the menu
options in the Data Tool, which was around 400 pixels in
height. Even though the iframe code of EdHub in the test
environment displayed adequately, the iframe code required
additional height and width parameters of 600 pixels
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and 100 percent, respectively. With these parameters, the
height of EdHub was preserved within another resource by
overriding the custorn CSS properties of the Data Tool in the
production server.

Phase 3: EdHub Generation 2 Deployment

Once the display issue was fixed in the production server,
the second generation of EdHub was ready to roll out for
Summer Training in May 2018, These training sessions served
two goals. First, the training provided principals with practice
opportunities for scoring classroom observations of teachers
available in the EdHub Library. Second, the training sessions
allowed principals to get acquainted with the second
generation of EdHub.

In training surveys, principals highlighted (1) the ease

of navigation and location of professional development
materials using a variety of search methods, (2) the ability
for curating targeted materials by teacher indicators, (3) the
ability to preview the alignment of teacher indicators and
materials in the homepage and search engine results, and (4)
the inclusion of video tutorials for teachers on EdHub.

In August 2018, NEE communicated the full transition of
the EdHub Library to all school districts at the beginning
of the new school year. NEE also reminded school districts
to download any journal entries and documents in the first
version of EdHub.

Phase 4: EdHub Generation 1 Phase-Out

In December 2018, the first generation of EdHub was de-
functin favor of an embedded version of EdHub in the NEE
Data Tool. At this point, | rolled out how-to video tutorials

for teachers and migrated all instructional modules to the
new web hosting service. Even though the first generation
of EdHub was not accessible after the implementation of the
new platform, an archive was created to keep copies of web
analytics data of instructional modules and user access for a
future analysis between the two versions of EdHub.

CONCLUSION

Online teacher professional development platforms enable
teachers to access resources remotely and plan for profes-
sional growth based on self-identified professional develop-
ment needs or recommended by their school administrator.
While teachers’ professional needs and experience with
professional development vary significantly, this design case
specifically explores the process of redesigning online teach-
er professional development and testing two prototypes
with experienced and non-experienced users.

Even though the second generation of EdHub supports
user-oriented and context-dependent information-seeking
needs of users using state teacher standards in a fully online
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environment, this design case may not be applicable to
other forms of online teacher professional development
structures that do not rely on teacher standards and hybrid
or web-enhanced delivery methods. While professional
development can be developed in traditional learning
management systems (LMS), the linear presentation of infor-
mation may not be adequate for users to assess context-spe-
cific tasks of aligning teacher standards with professional
development modules.

In this design case, the feedback from teachers and adminis-
trators emphasized the need to improve EdHub in terms of
(1) navigation and usability, (2) ease of access, (3) ensuring
user privacy of teacher reflection, and (4) in-house mainte-
nance of the library. The second generation of the EdHub
Library was refined through two user testing sessions that
ensured a clear separation and prominence of the sections
in the homepage to support experienced and non-experi-
enced users. Also, the navigation scheme was restructured
from five levels of sequential steps to three steps using a
hierarchical structure. The hierarchical structure allowed for
better navigation and assessment of materials with teacher
standards at all levels of the library.

The design decisions implemented in the second generation
of EdHub support the self-regulation activities of teachers
and school administrators in their acquisition of profes-
sional developrment. Self-regulation refers to the process of
monitoring progress, checking outcomes, and redirecting
unsuccessful efforts while participating in the learning
process (Zimmerman, 2002). Self-regulation activities involve
multiple techniques for evaluating and monitoring learning,
including, self-monitoring, self-instruction, goal setting, and
self-reinforcement.

As users consciously apply cognitive, metacognitive, and
motivation strategies to their learning environment, Edhub
enables teachers of various self-regulating capacities to
locate professional development materials by using the
search engine, indicator siternaps, or homepage topic direc-
tory while assessing the alignment of materials to teacher
standards during their information-seeking task.

While the EdHub Library features a redesigned hierarchical
navigation structure and several ways to help teachers and
school administrators to locate materials based on teacher
standards, EdHub accommodates different types of user-ori-
ented and context-dependent information-seeking tasks.

In user-oriented tasks, for example, new teachers are able

to locate materials curated to their PD needs under the
Beginning Teacher Assistance topic from the EdHub homep-
age. EdHub also provides a dedicated section in the homep-
age for practicing classroom observation scoring evaluation
activities that provide principals and assistant principals with
on-demand training simulations of classroom observations
with immediate corrective feedback.
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In context-dependent tasks, the EdHub Library supports
building leaders in locating PD resources that fit school
district goals by using teacher standards sitemaps. For sub-
Ject-specific materials, for instance, math teachers are able to
use the search engine to locate materials that target multiple
topics in student engagement, formative assessment,
classroom observation, and examples of units of instruction.
While EdHub accommodates the individual needs of users,
EdHub helps collaborative groups to curate materials using
the search engine that organizes search engine results by
topic category.

Finally, the design case benefits developers of online plat-
forms and designers of teacher professional development
by creating an understanding of user needs in online K-12
settings. For example, developers of online platforms are
able to support teachers'information-seeking with effective
navigation schemes and better affordances of web interfac-
es. Designers of teacher professional development materials
are able to understand the implications of teachers'informa-
tion needs and information architectures in standards-based
PD.

Even though the second generation of EdHub supports
various types of users and information tasks, further research
within the EdHub Library design case is required in under-
standing self-regulation activities and information-seeking
preferences (e.g, search engine, teacher standards sitemap,
homepage directory) among teachers and school principals
of various degrees of professional development needs and
experience.
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