
The proposed research aims at exploring teacher learning in a micro-credential professional development arena, as a window into processes of online fragmented learning and its outcomes in terms of knowledge building.
Introduction
Teachers, as practitioners in a continuously changing profession are in need of ongoing professional learning. Teacher learning is an example of adult learning, which is characterized by  self-regulation and personal agency in setting goals and content for learning. Given the demanding nature of their profession, teachers value flexible and modular learning opportunities.  As adult learners, teachers draw on their experience and professional knowledge to identify areas for further development, often prioritizing issues that address  immediate needs stemming from their practice and favoring  knowledge that is directly applicable . 
Teacher knowledge connects various aspects of their practice such as general pedagogical expertise, disciplinary or content knowledge and  pedagogical content knowledge. Teachers are expected to master broad, generic skills such as  class management and social-emotional learning. Additionally, they must keep up with advances in their academic discipline, translate these developments into school subject matter and adapt to changes in its various curricula. Furthermore, teachers need to develop their own context specific applied pedagogical content knowledge to effectively teach, scaffold and evaluate specific aspects of the subject matter tailored to their  unique students and classrooms. Therefore, teachers must  develop a diverse professional knowledge base that coherently  connects its various, sometimes disparate dimensions.
To promote teachers’ learning and professional knowledge, teachers are encouraged, and often required  to participate in professional development initiatives. While at their best, institutionalized professional development programs can be effective in addressing the unique characteristics of teacher learning, they may also inherently contradict teachers’ need for flexibility, autonomy and context specificity. To allow for increased personalization of professional learning, institutions and educational administrations offer online micro-credential professional development opportunities.
Online micro-credential or micro-badge systems, offering short, competency-based courses are rapidly expanding. These systems   are considered to attune both to employers' needs for fast and competency-based professional development and to learners/employees’ needs for a personalized and flexible learning. The personalization of professional learning in micro-credential systems relies on both the wide choice of courses and the flexibility and modularity of learning. This allows practitioners to choose discrete, short courses that align with their personal interests, disciplines or specific challenges faced by their students. Learning in online micro-credential systems can take place whenever and wherever is most convenient for learners, at their own pace and segmentation. 
The personalization of learning afforded by micro-credentials is assumed to be tailored to the principles of adult learning, promoting autonomy and relevance for practitioners. We may therefore expect learning in micro-credential systems to be more authentic and meaningful, with  learners demonstrating significant engagement, as reflected in learning patterns and learners feedback. Consequently we can expect practitioners to construct connected, applicable and context sensitive knowledge. However, micro-credential based personalized learning may also have counter-effective consequences. 
The wide choice and competition in the realm of micro-credentials harbor inherent moral hazards. Learners might opportunistically opt for the least demanding micro-course or engage in instrumental learning, aiming only to achieve the credential. This risk is amplified in institutional context where professional development is mandatory, accompanied by financial or career advancement incentives. Additionally, online modular learning frameworks may also give rise to what has been termed fragmented learning, where learners appear to study intermittently in short scattered episodes. This raises questions as to learners’ engagement and attentiveness. Fragmented learning is assumed to be connected to fragmented knowledge, whether such knowledge is fragmented due to incoherent opportunistic choices or is extremely narrow focus on a single interest. 
As micro-credentials are increasing exponentially and are considered as the future of professional learning and development, it is crucial to gain more insight into practitioners’ learning processes and engagement, as well as  the characteristics of knowledge they construct in these learning systems. The online learning management systems in which micro-credentials are acquired offer rich data to sustain this much needed insight. Israeli online teacher professional development micro-credential frameworks offer a particularly promising arena, as they contain comprehensive  data on learners’ demographics, intentions and goals, course choices, feedback and knowledge application. We therefore propose to apply learning analytics to utilize the vast data in order to explore the following questions: 

1. What are teachers’ learning goals and motivations for taking micro credential professional development courses (instrumental vs. Intrinsic; content expertise vs. Personal enrichment)?
2. What are the learning processes and patterns of engagement demonstrated by teachers in micro credential professional development courses?
3. What types of knowledge do teachers construct in a micro-credential professional development system as evidenced by course choices, learner feedback and demonstrations of application?
4. What are the relations between teachers’ professional learning motivations, learner engagement and knowledge construction ?



 



[bookmark: _grertmphdhkf]Teacher Learning and knowledge construction in online micro-credential professional development
[bookmark: _f83wfm2gkxr2]Overview
In this proposed research we seek to explore diverse aspects of teacher learning in the evolving world of micro-credentials. Relying on theories of adult learning, knowledge construction and personalization we aim to conceptualize teacher learning, engagement and knowledge construction within the eclectic universe of modular online learning.  By applying learning analytics to extensive data from micro-credential learning management systems, we propose to trace the relations between personalization, patterns of choice, learning motivations, engagement and knowledge construction.
Initial research questions:
In online teacher micro-credential professional development, we will explore whether teachers can participate, graduate with decent scores, and not learn. We suggest critically examining the relationship between teacher professional development and teacher learning in the micro-credential PD context, taking a critical perspective on the enthusiasm for teacher learning in micro-credential PD.

[bookmark: _vszrg8chx77r]Theoretical background
[bookmark: _exvwdw40ywgy]Teacher Learning
The quality of an education system depends upon the quality of its teachers, and teachers' expertise is crucial for effective practice (Darling-Hammond, 2010). Therefore, many consider the development of teachers as the keystone to educational improvement. The professional development of teachers is studied and presented in educational literature in many different ways. However, at the core of this research is the understanding that professional development is fundamentally about teachers' learning. 
Teacher learning refers to the process through which teachers move towards expertise (Kelly, 2006). It is an ongoing multifaceted process through which teachers grow professionally, acquire new knowledge, skills, and insights, transform their knowledge into practice and develop their professional identity(Avalos, 2011). This process involves the continuous development of both practical and theoretical knowledge through formal experiences (such as structured courses) and informal experiences (such as interactions with peers and students). Teacher learning preferences and learning profiles tend to vary. While teachers declare strong preference for learning from colleagues in professional learning communities, the actual tendencies are for individual flexible and fragmented learning (Orland-Barak & Goldberg, 2024). Understanding the process of teacher learning is essential for developing meaningful professional development opportunities that yield lasting results  (Darling Hammond, 2011). Theorizing about teachers’ professional learning entails a deep exploration of its complexity, demonstrating how it achieves its effect (Hadar & Brody, 2012). Since teacher knowledge is both a primary goal and an expected result of teacher learning, it also represents a significant aspect of research in this field.   


[bookmark: _fanlpjhg9592]Teacher knowledge
The concept of teacher knowledge has evolved over the years and is now understood as a multi-dimensional, continuously evolving construct that encompasses various forms of knowledge essential for effective teaching. It is shaped by ongoing professional development. Teacher knowledge can be defined as the blend of different types of knowledge that teachers need, in order to facilitate learning effectively, respond to diverse student needs, and adapt to the complexities of educational environments (Ben-Peretz, 2011; Kereluik et al., 2013). Teachers are expected to master broad, generic skills such as classroom management, social-emotional learning, and knowledge of educational contexts (Cochran-Smith & Villegas, 2015).  Additionally, teachers are expected to have knowledge of students and their learning processes (Darling-Hammond et al., 2020). They also need to translate disciplinary knowledge and its developments into Pedagogical Content Knowledge (PCK) which would enable them to create teachable content that is tailored to their unique students and classroom settings, within specific school subject matter and curricula (Hashweh, 2013; Shulman, 1987). With technological advancement, technological pedagogical content knowledge has also become a crucial component of teacher knowledge, integrating technology into teaching practices (Mishra & Koehler, 2006).Consequently, teachers must develop a diverse professional knowledge base that coherently connects its various, sometimes disparate dimensions.
[bookmark: _i9k3w6vjstk4]Connected and Fragmented Knowledge	Comment by Tsafrir Goldberg: לשקול אם להעביר לרשימת המכולת שבסוף?	Comment by Linor Hadar: החלק הזה אין לו הגיון לוגי עם הטענה בחלקים הקודמים. הוא נראה לא קשור ולקוח ממקור אחר. הוא מערבב בין ההגדרה של יד מקוטע וידע מקושר (שאולי רלוונטית לכאן), לבין למידה מקוונת ולמידה של בני נוער. משהו לא ברור.
Knowledge coherence, or connectedness, is considered a central characteristic of expertise, Expert knowledge is coherent, conceptual and generalizable, making it transferable and flexibly applicable to new contexts (Anderson & Taner, 2023; Lachner et al., 2016). The notion of coherent and connected knowledge is relevant both within and across disciplines. Coherent knowledge refers to an expert's ability to apply a comprehensive model or theoretical knowledge to many specific examples (Stamovlasis et al., 2013). It also relates to educators’ ability to work across disciplinary boundaries to address meaningful big questions or concepts (Carr, 2007; Niemelä, 2021). 
In contrast, fragmented knowledge may result from increasing specialization and compartmentalization within disciplines. It refers to difficulties arising from the inability to connect specialized narrow perspectives to address complex problem of practice (Bruni et al., 2007; Niemelä, 2021). Fragmented knowledge is often disjointed knowledge, frequently applicable only to specific examples or contexts, and may result from fragmented learning (Song & Huang, 2022). Fragmented learning and knowledge are likely to occur when learners acquire knowledge intermittently in discontinuous sessions, which is typical of mobile and asynchronous online learning environments. Adaptive online learning management systems and recommendation algorithms are suggested as counter measures to help “fragmented learners” structure their knowledge (Gan, 2019; Selvaratnam & Sankey, 2021; Wenxiu, 2015). Still, these may also be part of the general fragmentation of knowledge, amplifying learners' diversifying and disjointed learning choices.
However, while in general it appears that the wide choice of content, time and venue offered by fragmented learning trajectories challenges learners' knowledge construction, studies of these effects refer mainly to youths and  undergraduate students. Learners at this stage do not yet build a clear knowledge structure; fragmented learning may be distracting and disruptive to their knowledge construction. On the other hand, fragmented learning may be especially attuned to teachers’ continuing professional development needs. In-service teachers, assumed to harbor an already comparatively structured professional knowledge, may seek to enhance it along their own paths,  as adult learning theory would contend. 
[bookmark: _s5t0a5qdnz4t]Adult learning theory and personalization of learning	Comment by Linor Hadar: חסר קישור בין למידת מורים והבניית ידע לבין למידת מבוגרים

Adult learning theory (Knowles, 2013) provides a rich framework for researchers attempting to understand the complexities of how teachers learn. This shifts the focus of professional learning to the needs of teachers and the different contexts in which they learn  (Gregson & Sturko, 2007). Self-direction is characteristic of adult learning, emphasizing adults' sense of personal autonomy in their learning (Louws et al., 2017).  It involves adults being actively engaged in and taking control of their goals and purposes through planning, executing, and analyzing their learning experience, thus assuming ownership of their learning (Knowles, 2013). Teachers are considered to enter professional development as self-directed learners, bringing previous experience, defined expectations for their learning outcomes, and a willingness to collaborate with colleagues (Patton & mcmahon, 2014). Self directed learning theory contends autonomy is a basic psychological need for motivated learning (Ryan & Deci, 2000). Hence, teachers are more likely to engage in learning when they are treated as responsible individuals in control of their own learning (Louws et al., 2017). 	
Another characteristic of adult learners is their wealth of experience. Prior experiences interact with teachers’ learning processes, attitudes, and understanding  (Knowels, 2013; Merriam, 2002). Experience guides teachers' awareness and ability to identify their learning needs and the knowledge gaps to be filled(Muijs et al., 2014). (Caruth, 2014).  Therefore awareness of specific learning needs characterizes teachers as adult learners. This means that teachers should be actively involved in planning their own professional learning, based on what they believe they need to learn to be better teachers, their career stage and context (Gregson & Sturko, 2007). As adult learners, teachers generally have an immediacy of application perspective toward most of their learning (Knowles, 1973). They tend  to enter learning activities with a specific problem-centered orientation and expectations for applicability (o'toole & Essex, 2012)(Knowles et al., 2005) Teachers perceptions the value and usefulness of knowledge, determines the time and energy they invest in professional learning (Caruth, 2014). 

OneThe implication of adult learning theory for teacher professional learning development is the need to  personalize learning so as to align with their unique characteristics, goals and learning needs. As noted above, teachers show a marked tendency towards individual, personalized learning patterns (Orland-Barak & Goldberg, 2024). Ensuring the personalization of teacher learning is therefore essential (Avidov-Ungar, 2023). Personalization in learning refers to tailoring educational experiences to meet individual learner needs, preferences, and goals (Bernacki et al., 2021). Current theory emphasizes a multidimensional approach to personalization, encompassing various aspects of the learning process, such as content; pace;  path or order of activities;  instructional approach and in some cases even method of assessment (USDE, 2016). 
The main two axes of personalization are individualization and differentiation. Individualization is the aspect of personalization that accommodates the learners’  students’ degree of special need or a specific level of skill or ability by altering a learning progression. A process that can occur even without learners’ explicit choice (Plass & Pawar, 2020). While this is criticized as limiting learners choice and agency in learning, contrary to the principles of self regulated and adult learning theories, personalized human (or AI) recommendations possibly help even adult learners make informed and coherent choices which would structure knowledge construction (Che Ahmat et al., 2021; Liang et al., 2018). Differentiation refers to a variety of choices allowing learners to exercise more choice and control over their learning. Learners should be able to determine the place and time for learning, the pace of progress and the segments of knowledge, content and specific topics they prefer, based on interest, prior knowledge, preferences and professional needs (Plass, 2020). 
While most of current research points to personalized and individual professional learning as most appropriate for teachers’ needs as adult learners, we should note that teacher professional development does not necessarily align with it.
[bookmark: _f75udap2atyq]Teacher professional development 
Teacher professional development (PD)  refers to the various avenues through which teachers learn. It is an uptake of formal and informal learning opportunities in which teacher learning occurs (Richter et al., 2014).  Formal learning opportunities involve structured learning environments, programs and initiatives typically delivered through workshops, courses, and other formal face-to-face or online learning activities. Informal learning opportunities include individual activities such as reading books and classroom observations as well as collaborative activities like conversations with colleagues and parents, mentoring activities, teacher networks and study groups (Desimone, 2009). Most of the research on PD refers to formal, institutional settings, and stresses prolonged synchronous activities, taking place in PD centers or in schools (Darling Hammonds et al., 2009; Hadar & Brody, 2017;; Margolin et al. 2018; Sims et al., 2021). These stress diverse aspects of best practice in PD, such as building a professional learning community within communities of practice (Little, 2012; Wenger-trainer et al., 2014). Studies point to the need to foster coherence, structure and institutional common language in PD, within schools and districts or subject matter communities (Borko et al., 2010: Hadar & Brody, 2017; Lefstein et al., 2020; Sims et al., 2021).
However,  while prolonged, structured, centrally guided  or school principal controlled PD appears to suit best practice guidelines and institutional needs, it may be at odds with teachers’ needs and preferences. Teachers tend to find district or ministry directed pd’s irrelevant to their immediate needs and contexts (Darling-Hammond et al., 2017; Margolin, 2018). In-school PD appear to cater to principals’ rather than individual teachers’ preferences and the latter may participate due to instrumental or conformity motivations (Sella Ela, 2022). Teachers’ needs for more personalized professional development accommodating teachers' schedules and diverse needs for resources are probably better answered through the wide choice and control offered through individualized online teacher PD programs (Dede et al., 2009).
[bookmark: _pp1db8ojovpl]Online teacher professional development
 Online teacher pdprofessional development (OTPD) includes courses, workshops, or learning modules that are delivered reflecting a plethora of purposes, goals, subject areas, pedagogies, and delivery methods and may be asynchronous, synchronous, or blended (Dede, 2006; Powell & Bodur, 2019; Ross & Storey, 2011). Online PD offers spaces for teachers to interact and reflect (Dille & Røkenes, 2021; Philipsen et al., 2019). However, many, if not most Online PD programs also allow highly flexible, self-paced individualized learning achieved mainly in interaction with learning management systems. This led to online teacher OTPD growing rapidly in the last decade and the production of courses and programs has outpaced research in that area (Abe, 2020; Lay et al., 2020). This increased focus is driven by its economic advantages, accessibility, flexibility, and new opportunities for distance collaboration (Lay et al., 2020). 
In response to the massive growth in online learning opportunities for teachers, there have been calls for rigorous research on how teachers learn and what, if anything, they learn in online learning environments (Bates et al., 2018). There has also been increasing interest in how the online environment expands what can be discovered about teachers’ professional learning behaviors, as using web analytics in exploring course data systems can be used to extract a big amount of behavioral data collected by course websites (Salas-Pilco et al., 2022). 
	We look at online teacher OTPD especially from the perspective of its ability to afford teachers personalized and relevant learning trajectories they need as adult learners. Hence, oonline micro-credential systems with their vast array of choices have a unique potential for personalized and self-regulated differentiation of learning (Dane, 2024; Hunt et al., 2019).

[bookmark: _bslvvo3vmhj5] The promise of Micro-credentials in teachers’ professional development

Within the plethora of online pdprofessional development programs, micro-credentials and micro-badge systems appear to hold the strongest promise for personalization of learning (Hunt et al., 2019; Tooley & Hood, 2021). They are rapidly expanding (especially during and since the Covid-19 epidemic) and have become the focus of increased research interests as evidenced by a series of review articles in the last few years (Ahsan et al., 2023; Che Ahmat et al., 2021; Selvaratnam & Sankey, 2021; Tamoliune et al., 2023; Thi Ngoc Ha et al., 2023; Tooley & Hood, 2021; Varadarajan et al., 2023). Micro-credentials are short online courses, frequently ranging from an hour to a few weeks, which usually focus on a specific competency or skill-set. Upon completion they award the learner a verifiable certificate or “badge” acknowledged by employers, which details the content and skills acquired (Varadarajan et al., 2023). Micro-credentials can be single standing or “stackable” into a wider diploma or a professional development threshold requirement (Tamoliune et al., 2023). 
Often reflecting micro-learning theory  (Dolasinski & Reynolds, 2020; Shail, 2019), these courses offer learners a wide choice of short condensed units that can fit their personal interest, professional context or employer’s needs. In micro-credntial based online teacher OTPD teachers control the time, duration and location of study and may enjoy an enhanced and repeated sense of achievement as they master comparatively defined competencies, through short periods of study (Friedler, 2018), supposedly well attuned to their needs and increasing their employability and expertise (Pollard & Vincent, 2022; Varadarajan et al., 2023). Micro-credential based PD is assumed to enable learners to follow their personal goals, interests and preferences ensuring both higher motivation  and higher learning gains and satisfaction (Ahsan et al., 2023; Bernacki et al., 2021). Hence it is assumed that mmicro-credentials enrollment and learning stem from intrinsic motivations and mastery goals (Alt, 2023; Facey-Shaw et al., 2020). Learners’ personalized choices are assumed to make learning more relevant, meaningful and authentic, leading to higher engagement and success expectancy (Hulleman et al., 2017; Walkington et al., 2024; Yang & Ogata, 2023).
Policy makers and employers view mmicro-credential based pdprofessional development as a more economic and agile way to attune to rapidly changing market needs (Tamoliune et al., 2023). Higher education consortiums team and collaborate to keep up with the pace of mmicro-credential expansion (Kumar & Arnold, 2022). Educational policy makers and educational administrations institutionalize mmicro-credential based PD programs on ever growing scales (Ahsan et al., 2023). It is viewed as an especially promising way for teacher professionalization and satisfaction, overcoming the contradiction between government regulation and teachers’ choice and perceived relevance, which often mars teachers’ perceptions of pdprofessional development (Tooley & Hood, 2021).
However, this assumption is not fully supported by available research. In fact, many aspects  of personalized learning afforded by mmicro-credential based PD may allow for lenient learning or abuse of the affordances of the system. This may relate especially to the differentiation aspect, which may be used to opt for the easiest paths for completing assignments or gaining credentials. Such moral hazards are implied, for example, by issues of trust in micro-credentials which reflect questions as to the authenticity and motivations behind learners’ choice of course, and the quality of learning and evaluation (Strunk & Willis, 2017; Varadarajan et al., 2023; Willis et al., 2016).  From the perspective of critical social theory, mmicro-credential enhance a perception of learning as capital accumulation and self-perception of learners mainly as economic beings. It may lead learners to focus on maximizing their market value, rather than their competence or coherent knowledge (Pollard & Vincent, 2022; Wheelahan & Moodie, 2024). Instrumental extrinsic motivations do not lead to meaningful engagement but rather to simple focus on completion of micro-credentials (Abramovich et al., 2013) Such instrumental learning increases the risk of ever narrowing and inconsistent knowledge (Varadarajan et al., 2023).
Ahsan et al. (2023) point to several gaps in current research, hinted by this  ambivalence towards mmicro-credentials. There is ambivalence and debate whether the vast freedom and choice afforded by micro-credential systems is an essential force behind learning and knowledge acquisition or a neglect leading to incoherence and attrition. It isit is quite unclear whether learning in mmicro-credentials is driven by intrinsic or extrinsic motivations and how these motivations affect engagement. Methodologically, research has not realized the potential of learning analytics to gauge engagement and learning. Little is known about the relations between employer or market needs, micro-credential production and microcredential acceptance (among learners and employers or authorization institutes). This is due both to loose connections between stakeholders and lack of data but also because studies fail to consider the relations between the nature of courses (technology and content), organizational context (relations with employers and supplier, incentives) and stakeholders perspectives. 
These caveats align with pressing questions on teachers’ learning, knowledge  and professional development. In the Israeli context, mmicro-credentials based teacher pdprofessional development is carried out in a platform connecting all stakeholders, affording access to the wide data furnished by the learning management system and to the wider context. Hence it should serve both as a promising trajectory to deeper insights into the field of teacher professional learning, and as source for knowledge for the general realm of mmicro-credentials. Our research would focus on three central aspects noted as gaps in the research- learners’ motivations to enroll in mmicro-credential units, learners’ engagement and knowledge construction, their interrelations and their relations to the wider context of course characteristics and institutional incentives.
[bookmark: _cug56t6yc9jt]Mmotivations
As we note above motivation and learning goals for engagement in micro-credential courses may vary  and are quite contested (Cheng et al., 2019; Lin et al., 2003). Teachers may enroll in micro-credential PD based on intrinsic motivations (Uyulgan & Akkuzu, 2013). These may be mastery goals, focused on using the wide choice of competency based courses to acquire new competencies related to their current classroom practice or subject matter (Avidov-Ungar, 2016). Teachers may also enroll in mmicro-credential courses to satisfy personal interest and curiosity and the ability to experiment with new attractive topics  which the wide repertoire of courses affords (Cordova & Lepper, 1996; Oudeyer et al., 2016). On the other hand, teachers may enroll in micro-credential PD for essentially extrinsic motivations, such as institutional requirements or eligibility for salary raise (Avidov-Ungar, 2016; Çakiroğlu et al., 2024). Enrolling in micro-credentials may also be motivated by performance goals such as meriting a badge indicating expertise (the equivalent of grades) as a career advancement step (Zhang et al., 2021). In a similar vein, some teachers view micro-credentials as a way to gain recognition for skills they already possess, rather than as a means to acquire new competencies (Avidov-Ungar, 2016; Lexman et al., 2020). 
Teachers' motivations for studying in micro-credential courses may be self-reported in surveys or in entrance expectation statements (Elliot & Murayama, 2008). Motivation could also be inferred from the wider contextual set of constraints and incentives, assuming extrinsic (in contrast to intrinsic) motivation to be related to mandatory participation in or financial incentives on credentials. They might also be deduced from learners' course choices (such as whether they enroll in more challenging or lenient courses). We assume teachers’ learning motivations and achievement goals would also affect (or be inferred from) their engagement in micro-credential units (Wang et al., 2021).Extrinsic motivation may be related to regulated and incentivized engagement in response to system feedback, or to minimal investment in learning, focused on grades (Miao et al., 2024). Intrinsic motivation and mastery achievement goals may be related to more sustained engagement, less dependent on incentives of implied sanctions (Tranquillo & Stecker, 2016). 
 
[bookmark: _evlk9li2kwue]Eengagement
Learner engagement has been the focus of many studies, however with no consensus on its exact definition and operationalization. Broadly speaking, learner engagement is the extent to which learners are involved in learning tasks. It has been widely accepted that engagement is a multidimensional construct which includes four main components: 1) Cognitive engagement, referring to students’ investment in tackling learning-related tasks in terms of time, strategies, etc.; 2) Behavioral engagement, referring to students’ observable behavior, like attending class or asking questions; 3) Emotional engagement, referring to affective responses to educational materials, stakeholders, and institutions; and 4) Social engagement, referring to responding to peers in educational contexts (Finn & Zimmer, 2012; Fredricks et al., 2004).
From this broad perspective, it is understood that engagement can be observed and measured based on a host of indicators, some of which are clearly evident in the physical classroom, e.g., working on a task, or asking a peer a question on topic. However, when it comes to online learning, with no direct contact between learners and instructors, peers - such indicators should be rethought of. On the other hand, with logged data about learners’ activity in online learning environments, other indicators may be more easily measured, e.g., number of resources accessed, or reattempts to solving a task (e.g., Soffer & Cohen, 2019). With this in mind, the very concept of learner engagement in online learning—which is commonly being studied using Learning Analytics (LA)—may be treated differently from its traditional parallel, as in many cases teaching and learning are handled differently compared to their physical parallels, in terms of teaching methods and tasks being administered. In practice, as a recent literature review shows, using Learning Analytics to study engagement have been mostly focused on a narrow conceptualization of engagement, and have mostly relied solely on log files-based indicators. It is therefore our intent to triangulate logged indicators with self-report evidence which may give us a more thorough understanding of learners’ engagement (Bond et al., 2023).
	Focusing on learning management system’s log files, there are three main categories of indicators that can inform teacher/learner engagement: usage, performance, and communication (Ahmadi et al., 2023). However, teacher learning student activity may differ based on context, e.g., types or difficulty of activities, and individual differences (Hershkovitz & Nachmias, 2009, 2011; Israel-Fishelson & Hershkovitz, 2021; Kadoic & Oreski, 2018). Therefore, it is recommended—as in many other cases in quantitative analyis—to normalize log-based measures so it would be fair to compare them across different settings and populations.
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As we noted above, teachers studying in a micro-credential online professional development, which affords fragmented learning, may construct relatively fragmented knowledge. This may be reflected in fragmented knowledge effects as when the disparate contents or aspects studies in each learning session or micro-unit do not integrate and are transferable to new contexts (Gan, 2019; Song & Huang, 2022; Stamovlasis et al., 2013). From a constructivist outlook, we might expect more experienced teachers’ larger knowledge corpus would help integrate even disparate learning experiences, making them applicable to their own unique contexts (Kereluik et al., 2013; Leijen et al., 2022). Study choice could also reflect a coherent perception of professional knowledge. Such coherence might possibly be deduced from course choices centered around a clear common theme such as subject matter expertise. However, curricular coherence theorists also assume that teachers’ coherent knowledge bridges disciplines and cuts across subject matter. (Niemelä, 2021). Learners ability to trace relations between various courses in a training program and the relation between theory and practice, also seen as the applicability of courses, are indicators of professional knowledge coherence (Canrinus et al., 2017; Hammerness & Klette, 2015; Smeby & Heggen, 2014)

[bookmark: _4ug6metw6npp]Research goals
Our overall goal is to to examine the relationship between teacher professional development and teacher learning in the micro-credential PD context. We aim to consider teachers’ motivation prior to participation, their choise of courses, their actual engagement, and their learning products. To achieve this goal, we set-up the following research questions. , Consideringtaking a critical perspective on the enthusiasm for teacher learning in micro-credential PD. In online teacher micro-credential pdprofessional development, we aim to explore teacher learning. What can we learn about teachers learning engagement from micro-credntial learning management system data, and how does teacher engagement relate to learning motivations and choices and to knowledge construction and gains?
[bookmark: _ovb6dfnnou7u]Research Questions

1. What are learners' motivations to participate in microcredential- based professional development? 
a. What intrinsic and extrinsic motivations are evident in learners’ statements of purpose prior to participation?
b. What motivations could be deduced from contextual constraints and incentives (mandatory participation and financial incentives versus “autonomous” selection of courses)?
c. What motivations can be inferred from course characteristics (difficulty and demands, relevance to teacher’ discipline)?
2. What patterns of learning engagement do learners in microcredential based professional development present? 
3. What kind of professional knowledge do teachers construct through learning in a microcredential system? 
a. Do learners' choices of courses reflect fragmented or coherent knowledge (preference/construction)? Is there a clear common denominator to the choice?
b. Do learners’ evidence of learning in assignments reflect coherent applicable knowledge?
4. What are the relations between teachers’ learning motivations and goals and their engagement in online Micro-credential professional development?

5. What are the relations between teachers’ learning motivations and goals and teachers’ knowledge construction?
a. Are intrinsic and mastery goals associated with more structured and coherent course selection (competence or subject matter focus) and knowledge construction?
b. Are  extrinsic goals associated with more fragmented course  selection (mandatory ease of completion focus) and knowledge construction?
c. How are teachers' motivations related to knowledge construction as indicated in teachers' evidence of learning?
6. What is the relationship between teacher engagement in online Micro-credencial professional development and teachers’ construction of knowledge? 

[bookmark: _cs5ga3xnbuk2]Methods

[bookmark: _2vnwkqj8i0k5]Context 
The context of the proposed research is the micro-credential teacher professional development (PD) platform. Campus-IL (https://campus.gov.il), Israel’s national learning platform for massive open online courses (MOOC), was launched in 2018 as part of Digital Israel, a national program under the Ministry of Social Equality, Government of Israel. This platform has been utilized for teacher PD through micro-credential courses, i.e., short courses designed to develop specific designated skills. These micro-credential courses were developed by Campus-IL in partnership with the Center for Educational Technology and the Ministry of Education.
This platform offers a cutting-edge centralized  micro-credential system addressing many of the challenges of micro-credential moocs discussed above (Lexman et al., 2020). As a streamlined, self-standing but strongly connected system, it holds a vast amount of relevant data as to learners’ demographics, career points, goals, learning behavior and learning gains. It thus offers an essential and representative model offering insights into the fast growing but understudied world of micro-credentials.
The courses are typically equivalent to a 3 to 10 PD course and are designed to address the specific skill development needs of K-12 teachers in Israel. The micro-learning platform for teachers aligns with the principles of adult and lifelong learning, allowing teachers to create personalized learning paths and develop skill sets throughout their professional careers. This flexibility enables teachers to meet their varied needs and those of their students, without being constrained by location, physical infrastructure, or rigid course schedules. Upon completing a micro-credential course, teachers receive a Digital Badge. To demonstrate their competencies, teachers must build a portfolio of Digital Badges, accumulating 30 credit hours to receive professional development credit, and qualify for salary increase. Teachers in Israel enroll in professional development programs for various reasons. Some PD courses in the micro-credential system may be mandatory for teachers in specific roles or disciplines. Some programs are threshold requirements for advanced career stages. Teachers may take micro-credential courses to enhance professional knowledge or for general self enrichment. 
In the 2023-2024 academic year, the micro-credential platform included 5987 courses (some of which had been available since 2020), including 144 courses offered in Arabic for teachers in Arab society. Of these, 365 courses were designed for primary school teachers, 233 for secondary and high school teachers, and 9 of them were blended courses. The Micro-Credential courses addressed a variety of relevant topics, which can be broadly categorized into subject-specific courses (e.g., history, civics, English, math), pedagogy-related topics (e.g., assessment, diversity in the classroom), skills development (e.g., critical thinking, digital literacy, social-emotional learning, independent learning), literacy, and first language skills. 
Overall, there were 46,849 course enrollments and 14,291 completions. Since teachers may enroll in or graduate from multiple courses, this data does not reflect the total number of teachers using the Campus IL Micro-Credential platform. 
[bookmark: _xfgzroga233v]Participants 
We will include in our analysis all teachers participating in Micro-Credential courses on the Campus IL platform between 2021-2025. Based on participation in the past years (Lexman et al., 2020), participants will include between  10,000-15,000  teachers,  enrolling in a minimum of 300 courses.  
[bookmark: _834nt2hjj0ap]Materials
When learning occurs in online environments, interactions between the learner and the platform are recorded in a log file. These logs generate trace data that can be used to trace a learner’s actions and to infer on their learning-related behaviors (Bernacki, 2017). In this research, we utilize existing trace data from the Micro-Credential learning systems to observe and analyze teacher learning processes as a proxy to teachers’ engagement, motivation, and knowledge construction. The value of trace data for testing assumptions related to teacher learning depends on whether, and in what ways, the technology represents learning events. The Campus IL Micro-Credential system log files are built on a Moodle learning system, which records all instances when a teacher interacts with a course feature. For example, text inputs, dropdown menu selections, and written responses can be traced by logging each action.	Comment by Tsafrir Goldberg: אולי לוותר/לצמצם	Comment by Linor Hadar: אני חושבת שזה נותן קונטקסט הגיוני לקורא לגבי איך נראה הדטה שלנו, וגם מראה שאנחנו מכירים אותו.
Once these interactions with the technology are logged, they become observable and can be enriched with metadata describing the teacher, the course, or the learning process within and beyond courses. Course metadata includes details about specific events, such as labels (e.g., unit or problem name), precise actions (e.g., clicking the "forum" button), a timeline of activities, and values entered by the teacher. Metadata can also include labels categorizing events (e.g., applying the value “added content”  to each event where a teacher opened a new discussion on a forum). This metadata provides essential information about the context and content of course events. Additional within-course metadata can be retrieved from relational tables, such as assessment entries, test scores, number of attempts, and correctness of responses.
Furthermore, system-wide metadata can be linked to the basic course log file data. This information, retrieved from relational databases, may include teachers' demographics, seniority, subject matter expertise, and other courses in which the teacher has enrolled or graduated.  Data about teacher learning motivations would be collected from two main sources, self reports and course stipulations. At the beginning of each academic year teachers fill an expectations survey in which they state their learning expectations and goals. Every year the ministry of education stipulates some of the courses as mandatory (to all teachers or teachers in specific roles, career stages or disciplines). Hence stipulations may determine external/instrumental learning motivations. 

The unit of analysis in this study is the teacher. This allows us to track teachers' learning within individual courses and across multiple courses, both within a single academic year and longitudinally over different academic years.
1. To capture teacher learning processes related to the three key areas—engagement, motivation, and knowledge construction—and to test assumptions, it is necessary to consider both categories of indicators and features of the system’s log file data. The treatment of raw log data on learning events requires interpretation, and often involves restructuring and applying operational definitions, all guided by a chosen theoretical framework. Teacher learning can thus be captured through the following operational categories (see Table 1).
[bookmark: _9rdll8xryvk]Data collection and analysis
[bookmark: _gsvf1ssiz44j]Motivation
1. [bookmark: _x35a08ef76v2]Self reported goals
a. Collected from open responses to learning expectations questionnaire in LMS
b. Qualitative analysis and categorization (AI assisted) into intrinsic and extrinsic motivations
2. [bookmark: _jp1zdac2pd54]Course characteristics- internal and contextual
a. Internal characteristics: difficulty of requirements (entry demands; relative length of materials; number of tasks/quiz questions; evidence of learning assignment requirements), popularity. 
b. Contextual characteristics: is course mandatory (universally/for specific roles/career stages) based on ministry of education data. 
c. Qualitative analysis, as basis for noting course as potentially related to intrinsic motivation (difficult+non mandatory) or extrinsic motivation (easy/mandatory)
3. [bookmark: _fn228wr9f445]Learner course fit
a. Teacher professional data from teacher learning expectations questionnaire in LMS and from  ministry of education personnel database: discipline, career stage, role.
b. For each learner we will infer motivation based on learner -course fit. 
i. Extrinsic motivation: a course is mandatory for the teacher (universally or due to stage or role); a course has no relation to discipline and role and is relatively easy
ii. Intrinsic motivation: a course is elective and difficult; a course is clearly related to discipline. 
4. [bookmark: _o96h2nhjyh9c]Learning motivations questionnaire
a. For future cohorts we will administer achievement goals questionnaire (Elliot & Murayama, 2008) and intrinsic extrinsic motivations questionnaire (Lin et al., 2003).
[bookmark: _z9pki0geujxq]Engagement
1. [bookmark: _54zf5ynfv16n]Time On Task
a. Length of engagement, entry times (fragmented versus prolonged learning)
b. Viewing and reading tasks data
2. [bookmark: _n8cdbwozevwk]Communication
a. Number of postings and number of reactions to other in online forums above mandatory requirements
3. [bookmark: _c7gs26dpluv1]Performance
a. Quizz taking patterns: single long time attempts + high scores versus repeated short attempts + low scores. Due to the system requirement of 100% success score, and unlimited repeat attempts opportunities, quiz score cannot be an indicator of knowledge.

[bookmark: _i0jd9dgolcuv]Knowledge Construction And Coherence
1. [bookmark: _mosfsrz52280]Evidence Of Learning Assignments
a. Connectivity and coherence -reference to additional courses; transfer and application of knowledge versus detached and declarative knowledge.
b.  Qualitative analysis (AI on all courses, or intentional sampling)
2. [bookmark: _af4h9bwnn071]Courses Selection
a. Data collected from teacher course completion reports in LMS.
b. Qualitative analysis (AI assisted) of identifiable common threads among some/all courses taken by each learner (disciplinary; thematic) as evidence of coherent knowledge.

3. [bookmark: _4gzowajw12n8]Knowledge coherence questionnaire
a. Questionnaire to be adapted from teacher training coherence questionnaire  (Hammerness & Klette, 2015; Smeby & Heggen, 2014).
[bookmark: _jqyci68c5eu0]Statistical analysis:
Descriptive statistics of research variables for research questions 1-3:
[bookmark: _q81j947cobm2]Motivation- 
Teachers  already in the LMS database would be clustered by motivation profiles in two levels
General: with reference to all courses, according to self-report in the initial learning expectations questionnaire.
Course/unit specific learner motivation: according to learner-course characteristic fit.
For prospective learners, learners’ motivational profiles (intrinsic versus extrinsic; mastery vs. Performance goals) would be computed based motivation and achievement goals questionnaires. 
[bookmark: _taosgliegyol]Learner engagement-
Learner engagement measure would be computed based on LMS data of time on task, communication and performance, per course and per individual learner. Learners would be clustered into high and medium and low engagement profiles (per single course unit, and across all completed courses).
[bookmark: _2qbh8r9riip2]Knowledge construction
Learners’ knowledge would be computed as three separate sub-variables: 
Applied integrated  knowledge- based on evidence of learning assignments’ degree of applicability of teaching examples and references to contents of additional courses
Course selection coherence- based on relations between completed courses, the higher the number of courses with common threads, the higher the coherence, with additional reference to type of coherence (disciplinary/thematic).
For prospective learners- knowledge coherence questionnaire score. 

Inferential statistics:
Research question 4: 	Comment by Tsafrir Goldberg: @lhadar@edu.haifa.ac.il @arnon.hershkovitz@gmail.com 
צריך פה הרבה עזרה בחשיבה על מודלים מורכבים יותר, מקוננים. של ביצועים ביחידה אחת בתוך 10 יחידות, ושל יותר משנה אחת, וגם ניתוחים שיקחו בחשבון קשרים מורכבים יותר בין המשתנים.
Effects of motivation profiles on engagement as a composite parametric variable would be explored using ANOVA. Effects of motivation profiles on performance profiles specifically (as a non parametric variable) would be explored using chi2 tests.
Research question 5:
Effects of engagement on knowledge construction as non parametric variables (applied integrated knowledge and as course selection coherence) would be explored using logistic regression models. Effects of engagement on knowledge construction as a parametric variable (knowledge coherence questionnaire measures) would be explored using linear regression models.
Research question 6:
Effects of motivation profiles on knowledge construction as a parametric variable (knowledge coherence questionnaire measures) would be explored using ANOVA. Effects of motivation profiles on knowledge construction as non parametric variables (applied integrated knowledge and course selection coherence) would be explored using chi2 tests.
Structural equation modeling would be used to explore the relationship between between all the research variables
[bookmark: _3dslefr439rd]Ethical consideration
All system’s log data is anonymized by the system’s internal administrator before we receive access to the data, with each teacher receiving learner ID code, consistent throughout the data and metadata files. Access to the data as well as ethical approval was received from the chief scientist of the ministry of education file number: 13812. 
 

[bookmark: _mxs1s2p1lfrz]Research plan

	Goal
	 Date span

	 Course mapping and characterization (difficulty, contextual characteristics)
	October 2025
December 2025

	Individual learner course selection analysis
	December 2025 
February 2026
 

	Analysis of learning expectations statements
	January 2026
April 2026 

	Teacher demographic/professional data collection
	April 2026
May 2026 

	Creation of learner motivational profiles (on the basis of statements, professional data and course selection)
	May 2026
September 2026

	LMS Data structuring and unification
	 September 2026
November 2026

	LMS  engagement Data analysis
	November 2026
February 2026

	Evidence of learning data structuring and analysis
	February 2026
June 2026 

	Descriptive and Inferential statistic analysis
Consultation with stake holders
	July 2026
October 2026 

	Administering motivations and goals questionnaire
	October 2026
November 2026 

	Coherent teacher knowledge questionnaire construction
	December 2026
March 2027 

	Administering Coherent teacher knowledge questionnaire
	March 2027
May 2027 

	Collecting and analyzing 2027 data
	June 2027
October 2027


	Matching teacher’s motivation and knowledge coherence data based profiles with teachers’ motivation and questionnaire data.
	October 2027
December 2027

	Statistical analysis of cross year data

	January 2028
March 2028

	Writing and editing
	April 2028
August 2028

	Workshops with stake holders
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