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ABSTRACT 

This design-based research study addressed whether cognitive apprenticeships 

mediated by informal mentor networks can expand, deepen, and transfer knowledge with 

and for Learning Sciences students. Three cohorts of Learning Sciences students were 

invited to participate with all three represented in surveys, co-designs, and interviews, 

with conjecture maps produced as artifacts for personal, professional, and education 

agendas. Survey and interview responses demonstrate that each participant found that it 

was a helpful tool for collaborative learning. Theoretically grounded in situated 

cognition, communities of practice, and legitimate peripheral participation, the conjecture 

predicted improved outcomes in students' perceptions, attitudes, and beliefs with informal 

mentor networks to support and encourage practice and engagement. Perceptions, 

attitudes, and beliefs did improve with confidence in conjecture mapping, however, 

through iterative co-design, the focus on informal mentor networks shifted from social 

media due to low usage among respondents to collaborative peer tutoring. Students 

expressed interest in expanding their networking and mentorship opportunities. 

Participatory co-design with conjecture mapping significantly improved recognition as a 

member in a community of practice for Learning Sciences students.  

 

Keywords: situated cognition, community of practice, legitimate peripheral 

participation, conjecture mapping, cognitive apprenticeship, mentorship, more knowledge 

other (MKO) 
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CHAPTER 1 

INTRODUCTION 

OVERVIEW 

Purpose. Learning Scientists in a master’s degree program should be learning about how 

to learn with mastery. Having mastery in a domain or field brings with it expectations and 

responsibilities, not just from the department, but from the community of practice, the field of 

Learning Sciences. To define legitimate peripheral participation and a community of practice, 

Lave and Wenger state that, “learners inevitably participate in communities of practitioners and 

that the mastery of knowledge and skill requires newcomers to move toward full participation in 

the sociocultural practices of a community” (1991, p. 29). The Learning Sciences and design 

research is about theory and practice, which is covered well in curriculum, coursework, and 

research projects.  

Problem. For students, ambiguity can be overwhelming and confusing as to what comes 

next after acceptance to a graduate program and what to do after receiving a degree. Professors 

are well-positioned to guide, advise, and even mentor in students' curiosities, inquiries, and 

interests; however, faculty are outnumbered by students, limiting further time and one-on-one 

consistent development. Clubs and other organizations in domain-specific fields and interests are 

common for some disciplines, but they are also specialized and bounded. There is room for 

networking and mentorship for Learning Scientists who want to explore opportunities in 

informal environments. Social media could be a catalyst to connecting students with mentors not 

just outside of their formal settings, but also within the community of Learning Sciences 

students.  
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RATIONALE 

“Live as if you were to die tomorrow. Learn as if you were to live forever.” - Mahatma 

Gandhi 

Introduction. The Learning Sciences is a relatively new interdisciplinary field in higher 

education, which has potential to be innovative and transformative (Sandoval, 2014, p. 18). 

Looking at the field from multiple perspectives with various theories on learning, the Learning 

Sciences have evolved along a trajectory of inquiry, theoretical insights, practice, and distributed 

cognition within a community of practice (Evans et al., 2016). Learning can occur around 

communities of interest and discipline-based learning. Learning can also be flexible with 

multi/interdisciplinary associations and interactions, connecting “just-in-time” mentors to 

inquiry-based or interest-based learners (Bransford et al., 2000; Collins & Halverson, 2018).  

Building on the theories of learning and the learning strategies in the Learning Sciences, 

it is important to see how students might benefit from networking and social media platforms 

with mentors and peers using Cognitive Apprenticeship Models (CAM; Collins et al, 1988). 

Taking it one step further, this study intends to observe how benefits of such networks expand, 

deepen, and facilitate transfer of knowledge with self-efficacy for learning as a skill with usable 

knowledge. 

Learning and development are important throughout our lives, inside and outside of the 

classroom. Learning is improved by 1) exposure to learning opportunities and 2) learning in a 

social context (Bransford, et al., 2000, pp. 80-82, pp. 190-242; National Academies of Sciences, 

Engineering, and Medicine, 2018, pp. 1-9, pp. 197-223). The first point of opportunity is related 

to lifelong learning, “learning that occurs outside of compulsory educational environments is a 
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function of the learner’s motivation, interests, and opportunities” (National Academies of 

Sciences, Engineering, and Medicine, 2018, p. 223). An example of the second point is in a 

“community of practice also provides direct cognitive and social support for the efforts of the 

group’s individual members” (Bransford et al., 2000 p. 184). Relationally there is the student or 

learner, the professor or expert, and the mentor, who could be considered a More Knowledgeable 

Other (MKO). In many cases, an MKO could also be a peer, someone with more experience or 

knowledge of something (Vygotsky, 1980). Ultimately, if the Zone of Proximal Development 

(ZPD) is the optimal locus for learning, CAM can help find and maintain it. Then, CAM could 

be applied to informal learning in an authentically designed context, given the appropriate 

relationships, content, and goal alignment. The interplay of ZPD, social networks, personal and 

professional goals, competence, challenges, motivation, interest, and access are all important. 

Formal education has the structure to facilitate and support achievement. A network of mentors 

may provide additional or complementary content and domain knowledge, perspectives, and 

experience. Additionally, these relationships and connections may be beneficial at different times 

and as desires, circumstances, and interests change. The right mentor or expert at the right time 

could be pivotal to establishing identity in a community of practice with legitimate peripheral 

participation or toward a community of interest. This study therefore examines how a mentor 

network can provide support structures.  

ASU Mentor Network. Arizona State University (ASU) has a networking social media 

platform dedicated to providing students with access to alumni in various fields. It is comparable 

to LinkedIn, in that it is oriented towards professional networking, however, it is specifically 

focused on mentorship for students. 
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Support Structures. Cognitive Apprenticeship, Professional Learning Communities 

(PLCs), and Personal Learning Networks (PLNs), offer support for adult learners (Chandler, 

2012; O’Byrne et al., 2021). These supports can reduce anxiety in students who are unsure about 

what they want to do and how to get there. It can be taken for granted that things will take care of 

themselves or, on the other hand, things are going to be extremely difficult, if not impossible. 

Cognitive Apprenticeship Models and mentor networks are ways to help students navigate 

uncertainty and enhance learning with the assistance of MKOs. Students could even benefit from 

participating as mentors themselves for peers and newer cohorts (Roscoe & Chi, 2007; Roscoe & 

Chi, 2008). Exploration and encouragement lead to learner-centered outcomes, where “knowing 

not only captures the world and individual participation as it is but stresses the opportunities for 

learners to reveal their ability and talent” (Barab & Plucker, 2002).  

RESEARCH QUESTIONS  

Social media increasingly pervades our lives and is evolving in unpredictable ways. As 

technology grows and expands, one genre of applications caters to the social networks in real life 

and the real world. It is quite simple to virtually expand a network without ever actually meeting 

someone but rather connecting them through common connections and interests. Applying this 

context to learning, is it possible to extend formal connections between educators and learners to 

informal mentorships? 

 Popular social media sites where one might connect with a mentor, includes sites such as 

LinkedIn, Slack, Discord, Facebook, and Twitter. This can be used to interact with established 

mentors or connect with a new one. Social media sites that specifically offer a mentor-type 

relationship and expert guidance in an area of interest are ASU Mentor Network 
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(https://mentorship.asu.edu/) and ASU Startup Tree (https://asu.startuptree.co/). This idea of 

mentorship can be viewed as “something that takes place between a professionally active person 

and a student. A central factor is that the mentor does not have any evaluating or appraising 

function” (Arnesson & Albinsson, 2017, p. 202). Being professionally active in an area that 

interests the learner corresponds well with identity and motivation. Giving the right context and 

motivation is a step toward connections with mentors who are in positions to guide learners to 

their personal, professional, and educational goals. To learn about student interactions, 

experience, and perceptions in cognitive apprenticeships supported by mentor networks, this 

study’s research questions are: 

RQ1:  What are Learning Sciences students’ experiences with social media platforms to 

organize informal mentorship learning opportunities during the application and acceptance 

process, during graduate studies, and/or post-graduation?  

RQ2: How have these experiences influenced their personal and professional goals?  

RQ3: How might identity play a role in Learning Sciences student communities of 

practice and mentorship? 

RQ4: What are the key systems and structures in informal learning and mentoring 

networks?  

Questions are designed to understand identity, motivation, and build upon personal 

experiences students have had, with the goal of future mentoring in a community of practice.  

 

 

https://mentorship.asu.edu/
https://asu.startuptree.co/
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CHAPTER 2 

LITERATURE REVIEW 

THEORETICAL GROUNDING 

This study’s thesis, ‘cognitive apprenticeships mediated by informal mentor networks can 

expand, deepen, and transfer knowledge with and for Learning Sciences students is grounded in 

situated cognition and cognitive apprenticeship in communities of practice as how learning 

happens socially, contextually, and interactively (Brown et al., 1989). Lave and Wenger note a 

potential drawback for formal education and classroom teaching where, “a training program that 

consists of instructional settings separated from actual performance would tend to split the 

learner’s ability to manage the learning situation from his ability” (p. 21).  

In a chapter titled, “Situating Learning in Communities of Practice”, Lave (1991) states 

that, “I propose to consider learning not as a process of socially shared cognition that results in 

the end in the internalization of knowledge by individuals, but as a process of becoming a 

member of a sustained community of practice” (p. 65). This is important because it integrates 

practice into learning. Identity and membership also make learning an active process and, with 

the support of a mentor, guides the learner in their community of practice. Lave continues, “this 

theoretical view emphasizes the relational interdependency of agent and world, activity, 

meaning, cognition, learning, and knowing. It emphasizes the inherently socially negotiated 

quality of meaning and the interested, concerned character of the thought and action of persons 

engaged in activity” (p. 67). This view represents a step toward opportunities for learning where 

practice becomes more meaningful and valuable to the learner and the community.  
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Attempts to design for authentic contexts and experiences with cognitive apprenticeship 

as a method could close the knowledge and practice gap of instructional settings in formal 

education. This study’s argument is similar, except instead of using cognitive apprenticeship in a 

formal setting to make school more authentic, it proposes using cognitive apprenticeship models, 

techniques, and methods in informal environments, with mentors, networks, and social media to 

augment and supplement formal education outside of the classroom, predominantly virtual with 

pandemic precautions. Situated cognition is about content and context, and having opportunities 

to engineer or design them (Barab & Plucker, 2002). This flip-flop of cognitive apprenticeship 

would take interest and desire, assuming coursework and education is in the realm of interest and 

desire already, to motivate and inspire connections with MKOs, experts, peers, and others within 

communities of practice related to personal and professional goals, or within “affinity spaces” to 

broaden knowledge, seek enjoyment, and engage in nontraditional learning experiences (Collins 

& Halverson, 2018, p. 76; Gee & Hayes, 2009). This theoretical framework concludes that 

participating in informal mentoring networks, with reciprocal teaching, and social media to 

access and connect with mentors is a way for students to achieve personal, professional, and 

academic goals.  

CONCEPTUAL FRAMEWORK 

Introduction. Through literature review, cognitive apprenticeship has been defined, 

characterized, and implemented into familiar forms to improve practice and for analytical 

purposes. The Cognitive Apprenticeship Model (CAM) used by Garcia et al. “describes six 

learning-centered instructional methods: modeling expert performance, coaching to give learners 

feedback, scaffolding to guide learners, fading assistance once learners externalize their 
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understanding through appropriate articulation, reflection activities where learners compare their 

understanding with others, and exploration to apply what they have learned” (García-Cabrero et 

al., 2018, p. 815). This review will break down each component and characterize how they foster 

effective communities of practice in the Learning Sciences.  

Modeling. With modeling, an apprentice observes correct or desired performance of a 

task which can then be conducted by the apprentice. Ideally, this would occur in an authentic 

setting with authentic tools for situated cognition where, “the apprentice repeatedly observes the 

master executing (or modelling) the target process, which usually involves a number of different 

but interrelated subskills” (Collins et al., 1988, p. 3). An example of modelling in a classroom 

environment would be through the demonstration of a task, or even the presentation of a 

conceptual model. This is where the “expert”, or MKO, makes visible the cognitive 

representation of knowledge and practice for observation and reproduction. A learner moves 

from novice to expert with the aid of models which “by acquiring greater competence appears to 

be the increased ability to segment the perceptual field (learning how to see)” (Bransford et al., 

2000, p. 36; NAS, 2018, p. 46). The idea of “seeing” through the use of modeling is not a 

complete way of teaching and learning on its own, but as a tool it is complementary to gaining 

expertise. Online tools offer many opportunities for modeling, anywhere and anytime, but 

coaching is the next topic that provides a necessary feedback loop for effective modeling and 

practice.  

Coaching. The expert, or MKO, now observes the demonstration of the learner and 

coaches accordingly. In the constructivist tradition, the MKO can “see” the learners' prior 

knowledge in the present through the enactment of tacit cognitive representation. Constructivism 
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and Cultural Historical Activity Theory proposes that learners come with a “range of prior 

knowledge, skills, beliefs, and concepts that significantly influence what they notice about the 

environment and how they organize and interpret it. This, in-turn, affects their abilities to 

remember, reason, solve problems, and acquire new knowledge” (Bransford et al., 2000, p. 10). 

It is important to consider an MKO not as an instructor or “sage on a stage”, but as a participant 

involved in actively guiding a learner through usable knowledge into practice. The term coaching 

is not synonymous with strict disciplinarian; it is more closely related to mentoring, as someone 

trusted that coaches, listens, and understands.  

Scaffolding. The Zone of Proximal Development becomes more salient when discussing 

the concepts of scaffolding and fading. References to ZPD locate the zone between an axis of 

competence and challenge that an MKO uses to guide the learner to mastery. Collins et al. state 

“a key aspect of coaching is the provision of scaffolding, which is the support, in the form of 

reminders and help that the apprentice requires to approximate the execution of the entire 

composite of skills” (Collins et al., 1988, p. 3). One useful analogy is learning to ride a bike, the 

scaffolding is like training wheels.  

Fading. The analogy of riding a bike holds true for fading, except unlike scaffolding, the 

learner has reached a level of mastery where the challenge has shifted, and the expert may 

remove the training wheels to progress to higher levels of competence. In other words, “once the 

learner has a grasp of the target skill, the master reduces his participation (fades) providing only 

limited hints, refinements, and feedback to the learner, who practices by successively 

approximating smooth execution of the whole skills” (Collins et al., 1988, p. 3). This level of 
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guidance and direction seems important, especially when it comes to intrinsic motivation and 

confidence.  

Reflection. Collins et al. define reflection as “the process that underlies the ability of 

learners to compare their own performance, at both micro and macro levels, to the performance 

of an expert” (Collins et al., 1988, p. 4). Garcia, et al. state “it is essential that students be given 

opportunities to reflect on their own knowledge and performance, and compare them to those of 

other students and experts” (García-Cabrero et al., 2018, p. 826). The National Academy of 

Sciences recommends “the integration of metacognitive instruction with discipline-based 

learning can enhance student achievement and develop in students the ability to learn 

independently. It should be consciously incorporated into curriculum across disciplines and age 

levels” (Bransford et al., 2000, p. 21; NAS, 2018). Reflection expands formal curriculum to 

informal environments, “affinity spaces”, domains, and communities of practice. Collins et al. 

continue to elaborate that reflection “involves enabling students to compare their own problem-

solving processes with that of an expert, other students, and ultimately, an internal cognitive 

model of expertise” (Collins et al., 1988, p. 24). The benefits of reflection are metacognitive, 

which feed into other processes that facilitate learning, such as articulation. 

Articulation. The articulation of knowledge is important for multiple reasons which 

support learning and the activity of learning. Collins et al. state that “articulation includes any 

method of getting students to articulate their knowledge, reasoning. or problem-solving process 

in a domain” (Collins et al., 1988, p. 23). The learner states what they already know, informing 

the MKO where pre-existing knowledge is and to what degree the learner understands. Cognitive 

Apprenticeship “refers to the fact that the focus of the learning-through-guided experience is on 
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cognitive and metacognitive, rather than on physical, skills and processes” (Collins et al., 1988, 

p. 5). The metacognitive role of articulation reinforces existing knowledge and identifies gaps in 

knowledge, placing self-control and regulation as a key component to mastery, not just of 

knowledge, but on learning. Garcia et al. explain that “students need opportunities to verbalize 

their understanding to consolidate and expand their mental representations” (García-Cabrero et 

al., 2018, p. 826). Articulation allows for the co-construction of knowledge between a 

community or network of MKO(s), challenging the learner further across domains and 

communities of practice. The role of reciprocal teaching is an excellent example of a method of 

practice that is used in the Learning Sciences program across most courses throughout the 

semester. This could be extended informally to other contexts, given the appropriate connections 

between learners and MKOs, peers, and communities formed through these networks. For 

example, a study group of peers formed through Slack where students who are motivated and 

available conduct tutoring and mentoring informally to support their formal curriculum and 

course objectives, co-constructing and reinforcing knowledge.  

Exploration. The inspiration or motivation to explore can be greatly influenced by 

others, particularly MKOs, peers, and influencers. This guidance of exploration is defined as “ a 

method of teaching involves setting general goals for students, but encouraging them to focus on 

particular subgoals of interest to them or even to revise the general goals as they come upon 

something more interesting to pursue” (Collins et al., 1988, p. 24). This is likely to resonate with 

anyone who has had a teacher or mentor nudge or push them to do something that made an 

impact on them. The idea of exploration can have meaning within a domain or body of 

knowledge, and also to extend out into other domains.  
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Exploring broadly and deeply may seem counterintuitive, as they appear to move in 

different directions, but being able to swim out to sea is similar to swimming down into the deep, 

and situations may call for the ability to do both. Arguably, swimming deep is more important 

and valuable, as a master has a deep understanding and ability for transfer of knowledge broadly. 

Collins, et al. remark the “difference between cognitive apprenticeship and traditional 

apprenticeship is the emphasis in cognitive apprenticeship on decontextualizing knowledge so 

that it can be used in many different settings. Traditional apprenticeship emphasizes teaching 

skills in the context of their use. We propose that cognitive apprenticeship should extend situated 

learning to diverse settings so that students learn how to apply their skills in different contexts” 

(1988, p. 6). This claim is supported by research from the National Academy of Sciences, which 

describes findings for effective transfer, “initial learning is necessary for transfer, and a 

considerable amount is known about the kinds of learning experiences that support transfer. 

Knowledge that is overly contextualized can reduce transfer; abstract representations of 

knowledge can help promote transfer. Transfer is best viewed as an active, dynamic process 

rather than a passive end-product of a particular set of learning experiences. All new learning 

involves transfer based on previous learning” (Bransford et al., 2000, p. 53). To play with the 

analogy, whether swimming out and deep, or hiking far and high, the Zone of Proximal 

Development is a continuously sought-after time and space that doesn’t linger for long. 

Authentic Tasks. The notion of situated learning is prominent in theory and practice for 

the method of Authentic Tasks. Collins et al. state that “a critical element for learning is that 

students are carrying out tasks and solving problems in an environment that reflects the multiple 

uses to which their knowledge will be put in the future” (Collins et al., 1988, p. 6). If this is the 
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case, in some ways, formal education is well-equipped to provide most of the elements. What 

social media and informal networking offer are entrances into a new form of learning and 

authenticity, primarily as legitimate peripheral participation. In the context of “The Knowledge 

Age” and “Knowledge Economy”, for example, authentic learning is something that has been in 

virtual and online environments for quite some time and has been mentioned in the future of 

work (Bereiter & Scardamalia, 2006; Collins & Halverson, 2018). The construction and 

production of work in the future may well be done in virtual and online environments where 

Cognitive Apprenticeship will be well positioned with the support of mentorship that is 

accessible, flexible, iterative, scalable, relevant, and personalized.  

HISTORICAL GROUNDING 

In communities of practice, particularly the Learning Sciences, effective practices that 

can be characterized in relation to the theories and methods already described and further 

explained by Collins et al. (1988, pp. 28-30) are: 

1. Situated Learning 

2. Culture of expert practice 

3. Intrinsic motivation 

4. Exploiting collaboration 

5. Exploiting competition 

 Group dynamics, communities of learning networks, and personal learning networks can 

be leveraged by students informally, given the productive mixture of interest, motivation, 

confidence, opportunity, and encouragement. Prior work in ethnography and participant co-

design are helpful in research work. Making thinking visible in mediating processes, a design 
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researcher is “interested in designing artifacts that will support the activities of these 

communities” (Blomberg et al., 1993, p. 123). Using two contexts where learning CAM can be 

implemented and effectively measured in this study are Professional Learning Communities 

(PLCs) and Personal Learning Networks (PLNs).  

Professional Learning Communities. “Professional learning communities have been 

embraced in the scholarship of teaching and learning, as well as in practice. PLCs help to 

understand how students learn and how educators can help them learn more effectively” 

(O’Byrne et al., 2021). The term “cognitive apprenticeship” is widely used yet there was limited 

research conducted that implements CAM in terms of professional learning communities or, 

more specifically, informal environments for mentorship with social media. However, there are 

insights from the research that ground the need for further research in this area.  

Students who informally self-organize themselves may not be considered to be a 

professional community of practice. Therefore, for personal learning, a network study may be 

more suitable. With an educational influence and large community of educators in the Learning 

Sciences, PLCs may resonate with familiarity and experience for professional development. 

There are examples of proposed practical implementations of cognitive apprenticeship for 

personal or professional learning. An example of this is named similarly to CAM, the 

“Community of practice (CoP) apprenticeship model” (Khousa et al., 2015). The authors seek to 

enhance formal learning toward career preparation with social learning analytics to “augment 

formal schooling with the process of becoming a member of a mentored CoP that supports a 

successful career, immediately upon graduation. This process involves developing an identity as 

a member of a community” (p. 9). Another study looked at a professional development program 
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for teachers-in-training with online collaborative space and social media. The aims are consistent 

with mentorship aims of PLNs which aim for “use of the technologies always utilised the 

linguistic and practical skills of the participant, symbiotically in order to develop teachers of the 

future with a social network and way of learning” (Chandler, 2012, p. 8).  

Professional development with technology expands the network, community, and 

accessibility for connections that a learner can build based on a problem or opportunity. Career 

preparation or professional development with CAM are slightly different in their aims, however, 

the amount of interest and engagement by participants can be judged similarly within a 

community of practice. For career preparation, participation is largely determined by choice. 

Professional development is sometimes mandatory, but if it is self-organized then choice would 

make it more consistent with CAM, as the mentor is more receptive to how to support the 

learner, without being in an officially formal capacity or obligation. 

Personal Learning Networks. Richardson and Mancabelli describe a PLN as “unique, 

created and developed to our personal learning goals”, (2011, p. 3). Having a sense of personal 

learning goals can be an important support for and influence on them, including projects 

associated with university graduate degree programs. These goals can be unique to students' 

identities previously explored and experienced by MKOs and experts in a community of practice. 

By building upon the collaborative learning and social interaction, personal interest extends to 

pathways unique to the learner and social identity toward legitimate peripheral participation 

beyond and unbounded to one community of practice, even enhancing professional learning 

opportunities (Oddone et al., 2019).  
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There is research that supports networking and collaboration where learning is improved 

when it is co-constructed and learning is deeper when participants interact socially and 

informally (Rienties & Tempelaar, 2018; Smirnov et al., 2018; Zhang et al., 2018). In an 

informal network, such as self-organized student study groups, collaboration is part of the 

learning process. Ensuring that the study is content-driven, the task of study can be focused with 

clear goals and outcomes. As for networking opportunities, Moore adds, “social media provides 

an increasingly viable platform for peer networking and mentoring” (2019, p. 6). A viable option 

does not mean that social media networking is desirable, however feasible.  

 Using social media as a context for networks, in a case study of K-12 teacher Twitter 

use, Pollard states that “many of the chat participants expressed that they find inspiration through 

their Twitter connections and others equate the relationships they have built through Twitter as 

coaching or mentoring” (Pollard, 2015, pp. 84-85). Two points from this statement are consistent 

with CAM, coaching and exploration, applying learning to diverse settings through social media 

and connections within it. In another research study, Twitter was found to be an opportunity for 

PLNs and cognitive apprenticeship, which the author describes how “teachers use Twitter to plan 

field trips, chat with industry professionals, connect classrooms, facilitate research, post 

supplementary materials, to engage students in the classroom, parents outside the school, and 

colleagues and administrators in networks they can design according to need and interest… 

Successful networks start with a vision, create trust and build consensus” (Fouchaux, 2013, p. 

19). In medication education research, a study of surgeon mentoring finds that “social media 

brings a new dimension to mentorship, reinventing the way we communicate with others, such 

that interactions may be asynchronous and with individuals who are geographically remote. Our 



17 

study shows that social media serves as a valuable tool to enhance the networking and 

mentorship… Longitudinal studies surrounding the effectiveness of this emerging method of 

mentorship are warranted” (Luc et al., 2018, p. 759). The authors found that social media 

promotes learning outside of the classroom, improves knowledge and skills from engagement, 

collaboration, and feedback. In another study using design research conducted in a formal 

mentorship program found that “social media capabilities are able to facilitate mentorship 

activities, therefore while social media cannot independently transfer tacit knowledge, it is an 

effective mechanism in the tacit knowledge transfer process as it helps facilitate mentorship 

activities, which are best ways to transfer tacit knowledge” (Mahlangu, 2014, p. 100).  

There is a lot of commonality and crossover between PLNs and PLCs. The difference 

seems to be that PLCs in my research are more structured toward more pedagogical contexts, 

such as teachers and educators, while PLCs are more like “affinity spaces” (Gee & Hayes, 2009). 

Career preparation and a network of experienced and knowledgeable mentors to guide learners is 

a valuable asset for communities of practice. Social media is a modality that is being explored 

although the barrier may be more of choice than of access. A support system that successfully 

utilizes social media will require design for participants to identify with and mentors who can 

engage with CAM principles.  

From the extant literature, the conclusion is that social media can help learners connect 

with and engage mentors, and the space is underutilized. A sense of identity and membership 

that is inherent in CAM through communities of practice is complicated in technological terms 

and literacies, which are tough to find extensive research on methodologically and in practice.  
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CHAPTER 3 

METHODS 

Design-based Research is the standard methodology for the Learning Sciences. This 

study used Educational Design Research as a framework, based upon McKenney and Reeves 

(2012). Specific to DBR is the iterative approach and implementation of an intervention while 

conducting research. The high-level conjecture was interested in what Barab and Squire refer to 

as “a conception of design-based research that includes research on innovations in the context of 

systemic reform and that explores usability in terms of ‘gaps’ between the culture, capability, 

and policy/management structures” (Barab & Squire, 2004, pp. 11-12). The gap chosen here in 

this study looked to improve learning through informal communities of practice as legitimate 

peripheral participants. Culture relates to identity and membership in the Learning Sciences, as 

well as context, co-constructed by participants and designed for in this study. The method of 

cognitive apprenticeship, facilitated as CAM, invites members to collaborate on conjecture maps 

with participatory co-design in a community of practice toward artifacts that have meaning for 

the participants (Collins et al., 1988; Lave, 1991; Lave & Wenger, 1991; Sandoval, 2014). The 

structures that are represented in conjecture maps, or elements, are also components that 

illuminate and make visible context and content that allows participants, researchers, and the 

community to make sense of DBR and make design decisions with and for them. 

PARTICIPANTS 

Learning Sciences students from three separate master’s degree cohorts, specifically the 

graduating classes of 2020, 2021, and 2022, were recruited to participate. Each annual cohort 

represents an additional year of experience and membership in the Learning Sciences. Students 
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often informally self-organize study groups to prepare for assignments, projects, and exams. This 

study was an effort for students to take advantage of knowledge and practice with conjecture 

maps (Sandoval, 2014), an authentic and valuable DBR tool with implications for future work.  

As a participant observer, the author employs ethnographic methods of mediating processes.  

DESIGN 

In accordance with the educational design research framework (McKenney & Reeves, 

2012), this research was conducted over three phases, Analysis and Exploration, Design and 

Construction, and Evaluation and Reflection. Analysis and Exploration included the proposal 

and literature review. As an example of design-based research, this study uses design to bring 

about a new approach to learning and teaching in order to understand and improve it. The initial 

design guiding this study concentrates on “just in time” opportunities between time, mentor, and 

place or space. This place or space was to uncover social media usage as potential contexts 

where informal connections and mentorship could occur. The content was focused on conjecture 

mapping delivered with CAM (Figure 3).  

The design further wanted to find out perceptions, attitudes, and beliefs from the learner’s 

perspective to reveal information about mentorship, informal mentorship, and social media 

networks. The relevance of conjecture maps as content embodied situativity and authentic tasks 

to help frame the design around students’ own High-Level Conjectures (Thesis Statement), 

Design Conjectures (Tools & Materials, Task Structures, Participant Structures, and Discourse 

Practices), Theoretical Conjectures and Mediating Processes (Observable Interactions and 

Participant Artifacts), and Outcomes (Sandoval, 2014). An example of the initial conjecture map 

for this study demonstrates how the study tool was designed (Figure 1). 
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Figure 1. Initial Study Conjecture Map 

The community of practice locally for students has a centrality and focus, where the 

design hopes to build expansively toward learner-centered opportunities at the periphery to new 

contexts (Engle et al., 2012). Context is the “Sphere of Influence” and the content is disciplinary, 

and interest based (Figure 2).  
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 Figure 2. Design Sketch “Sphere of Influence” for Learner-centered Mentorship 

Design and Construction included the proposal’s design sketch and conjecture map. Key 

to this phase are the micro-cycles of design iteration to be implemented and analyzed for future 

iterations. The primary tools for iteration included a CAM Facilitator’s Guide (Appendix H) 

designed for this study that went through each process from modeling to exploration. Resources 

in the form of presentation slides with example conjecture maps for scaffolding and templates for 

collaborative artifacts were distributed along with a “power introduction” tool to help with 

networking and connecting to prospective mentors/mentees (Appendices D and E). Among the 

other resources are a competency worksheet that can be used in conjunction with already 

established goals and objectives as opportunistic areas for development, and a “career story 

worksheet” which allows the students to self-author their story and encourage continued or 

improved self-regulated learning (Arizona State University, 2020; see Appendix E). As already 

stated, the Facilitator’s Guide (see Appendix H) served as the iterative tool that was improved 
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upon from co-design to co-design with assistance from participant feedback and observation. 

Notes and changes were documented within the document itself after hand transcription to the 

digital file. To underscore the role of iteration, not only between studies, but within studies, 

Figures 13-15 in the results chapter and Appendix H depict the collaborative changes 

implemented with participatory co-design, where participants are modelled and scaffolded with 

CAM sequencing. A presurvey and postsurvey and interviews bookend the co-designs to 

evaluate for change in perceptions, attitudes, and beliefs. Evaluation and Reflection begins with 

the interviews of participants and ends on submission, with the goal of this research to inform 

theory and practice, into a “maturing intervention” and “theoretical understanding” (McKenney 

& Reeves, 2012).  

MEASURES AND PROTOCOLS 

 To examine perceptions, attitudes, and beliefs related to informal mentorship and 

networking with social media, a survey, questionnaire, and interview protocol were developed to 

illuminate identity constructs, situated cognition, and emergence of mediating processes or 

outcomes not intentionally designed for. 

Surveys and Questionnaires.  

Surveys. For the survey, questions were designed to identify and later compare cohort, 

track, comfort level with conjecture mapping, whether the respondent identified as a mentor 

and/or mentee, how important mentorship is in the Learning Sciences and in pursuing personal, 

professional, and educational goals, what modalities of social media or otherwise respondents 

use to connect and communicate with mentors and mentees, whether they would like to see more 

mentorship opportunities. The survey was developed by familiarity with Likert scales and 
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assessments and intended to achieve descriptive measures for the existing systems and 

participant data. Cohort and track serve as independent variables, although for 1st year students, 

they have most of the first year to decide which track they want to take, thesis or applied project. 

Thesis does take more planning and preparation, as proposals are due before the 2nd year 

semester registrations begin. Conjecture mapping and having an idea of what to plan and prepare 

for could make a difference. Identifying as a mentor and/or mentee are compared with a 

yes/no/not sure answer option. The last survey measure is whether respondents would like to see 

more mentorship opportunities to determine any change and to what extent.  

Questionnaire. A questionnaire was adapted from Godwin’s “Identity Constructs” of 

recognition, interest, and performance/competence as an index for compared means for repeated 

measures of pre intervention (pretest) and post intervention (posttest) defined in Table 1 

(Godwin, 2016).  

Table 1. Identity Construct Factors for Paired Sample t-Test  

Factor 1 Factor 2 Factor 3 Factors 1 and 3 

Recognition Interest 
Performance/ 

Competence 
Oblique 

My family and 

friends outside of 

school circles see me 

as a Learning 

Scientist 

I am interested in 

learning more about 

the Learning 

Sciences 

I am confident that I 

can understand 

Learning Sciences 

theories in class 

Others ask me for 

help in the Learning 

Sciences 

My instructors see 

me as a Learning 

Scientist 

I enjoy the Learning 

Sciences 

I am confident that I 

can understand 

Learning Sciences 

theories outside of 

class 
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My peers see me as a 

Learning Scientist 

I find fulfillment in 

the Learning 

Sciences 

I am confident that I 

can do well on exams 

or my career in the 

Learning Sciences 

 

Others ask me for 

help in the Learning 

Sciences 
 

I understand concepts 

I have studied in the 

Learning Sciences 

 

 

Others ask me for 

help in the Learning 

Sciences 

 

a Oblique includes Recognition (Factor 1) and Performance/Competence (Factor 3) Indexes 

Interview Protocol. Each participant who participated in a conjecture mapping co-design 

was asked to be interviewed with ten predetermined questions, aligned with research questions 

for coding and analysis based upon their perceptions, attitudes, and beliefs about the Learning 

Sciences, informal mentor networks, and the intervention activity of co-design with CAM and 

conjecture mapping (see Appendix B). Interviews were recorded over Zoom and transcribed for 

coding and content analysis.  

Data Collection. This study involved multiple forms of data that were collected before, 

during, and after the design intervention described above. Pre-post surveys were administered 

within one week of the intervention. During the three co-design sessions, I captured audio and 

video recordings of social interaction and collected digital files of all participants artifacts 

including conjecture maps (see Appendix G). I also assumed the role of participant-observer in 

order to provide support when needed and to take field notes when possible. Between sessions, 

design features were revised in order to better realize design intentions. Finally, 8 students 

participated in 45 minutes to over an hour, semi-structured interviews following the completion 
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of the final co-design sessions. Table 1 disaggregates participation by cohort year and track (i.e., 

two-semester research thesis or one-semester applied project).  

Table 2. Respondent and Participant Data  

 

Group 

Data Collection Activity 

Presurvey Co-design 1 Co-design 2 Co-design 3 Postsurvey 

Cohort 

2020 1  1 1 2 

2021 7 1 2 4 6 

2022 3  1  2 

Total 11 1 4 5 10 

Track 

Thesis 3 1 3  4 

Project 8  1 5 6 

Total 11 1 4 5 10 

 

Data Analysis. This section reports the analytical strategies utilized for the multiple 

forms of data in relation to the design conjecture. For ethnographic participant observation, the 

approach is “to interpret and give meaning to those activities”, in natural, yet informal settings 

through observable actions and artifacts, and from a “members’ point-of-view” (Blomberg et al., 

1993, p. 125; Blomberg & Burrel, 2012, p. 1028). As “unobtrusive observer” through the co-

design, facilitated by emergent mentors, peer mentorship, and shared discussion, descriptive 

analysis of qualitative and quantitative data (p. 1031). For interviews, transcripts were reviewed 
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using an adapted approach to content analysis in order to illuminate mediating processes for two 

primary measures: (a) explaining and feedback and (b) questioning, which provides descriptive 

verbal data (Chi, 1997; Zhang et al., 2018). Using a theory-driven coding system compatible 

with situated cognition, Greeno provides “levels” of situated cognition that is also applied to the 

codebook for analysis in Table 3 (DeCuir-Gunby et al., 2011; Greeno, 2011). The connection 

between the codes is rooted in cognitive descriptions of interaction that help make meaning 

about the participants and what is taking place. Greeno refers to explaining, however, Chi, and 

Roscoe and Chi have work specifically influential regarding peer tutoring and explaining 

(Roscoe & Chi, 2007; Roscoe & Chi, 2008). 

Table 3. Codebook Adapted from Chi (1997), Greeno (2011, p. 42), and Zhang et al. (2018) 

Code Description Defined 

Level 1 

Routine comprehension, 

conceptual understanding, 

problem solving, including 

performing procedures, 

search in problem spaces, 

reasoning, planning, skill 

acquisition 

Conversational contributions, mutual 

attention, understanding propositions and 

reference 

 

Conceptual common ground, patterns of 

reasoning in practice 

 

Shared repertoire of schemata and procedures 

Level 2 
Emergent 

understanding 

Negotiating different interpretations for mutual 

understanding 

 

Problematizing, resolving, and positioning in 

interaction 

 

Explaining 

Level 3 

Adopting tasks, expending 

effort toward accomplishing 

goals 

Practices that encourage problematizing and 

resolving and that position students in 

disciplinary discourse with competence, 

authority, and accountability in participation 

structures 
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Level 4 

Conceptual growth, 

commitment to learning 

goals, sustained, persistent 

participation in learning 

practices 

Changes in discourse practice; legitimate 

peripheral participation 

 

Intellective identities regarding learning, 

academic learning, and learning in specific 

school subjects; positional identities in school 

and classrooms with mutual engagement and 

productive agency in relation to a community’s 

joint enterprise of learning 

Explaining 

● Elaborated 

explanations 

● Elaborated facts 

● Theorizing topical 

terms only 

● Unelaborated facts 

 

Questioning 

● Explanation-seeking 

● Fact-seeking 

● Idea-deepening 

● Initial wondering 
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CHAPTER 4 

RESULTS 

INTRODUCTION. 

 The research conducted produced a large amount of video, audio, transcripts, artifacts, 

and results that indicate a high level of interest and research questions that were highly 

insightful. Research Question 1 presupposed social media use and modalities, as a non-finding 

indicates it is underutilized. Research Question 2 built off the previous question and was less 

effective because of how closely bonded it was to the first, although one student indicated a 

desire to start a Facebook group for Learning sciences Students. Research Question 3 provided 

the richest data set, grounded in identity and communities of practice in the Learning Sciences, 

consistent with the quantitative identity index for interest and significance in recognition. 

Research Question 4 was also insightful for identity as a mentor and supportive of recognition 

index. The rest of the chapter will go into greater detail by specific methods, tests, and measures.  

FINDINGS. 

Educational Design Research. The first significant finding, involving a mediating 

process, is how students feel regarding comfort levels with conjecture mapping (Table 4). How 

helpful the co-design was is mentioned repeatedly by students in the field notes and interview 

data (Table 10). The iteration from beginning to end with thesis co-design conjecture maps is 

“exploiting collaboration” as Collins et al. (1988) refers to as a principal for cognitive 

apprenticeship (pp 28-30; Figures 1, 10-13). Students gain usable knowledge in an authentic 

setting, although informal. This better prepares students for wrestling with Learning Sciences 

theory and practice with DBR and conjecture mapping. 
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An insight from conjecture mapping about recognition in a community of practice, relates 

directly to RQ 3, “How might identity play a role in Learning Sciences student communities of 

practice and mentorship?” Significance was found in the recognition of index, indicating how 

Learning Sciences students’ perceptions of themselves as Learning Scientists as a positive 

outcome (Table 4). Table 9 demonstrates how often identity was coded, far outweighing other 

verbal data, descriptively important to recognition. A related example of conceptual growth with 

conjecture mapping is demonstrated in Table 8. The student says, “I will say that the more that I 

engage with them, the more comfortable I feel just kind of being comfortable with that 

ambiguousness. And working with that ambiguousness. And just letting myself kind of try it out. 

It definitely makes me feel a lot more comfortable with my project” (Table 8). Interestingly, the 

student mentions comfort with conjecture mapping and with their project. Greeno calls this level 

of legitimate participation “less focused on what we want learners to know and know how to do, 

and more sharply focused on what it is that we want learners to become and be” (2017, p. 46). 

The meaning of identity and membership is also complemented by the already high level of 

interest in the Learning Sciences (Figures 8 and 9). This finding contributes support to the 

theories of cognitive apprenticeship and legitimate peripheral participation through CAM and the 

value of conjecture mapping as a tool, but also a mediating process for conceptual growth.  

Lastly, to refer back to the application of cognitive apprenticeship to different contexts, 

such as PLCs and PLNs, and social media, we can look at the use of Slack, but this is where the 

design failed from the initial conjecture. The use of social media did not change and was rarely 

mentioned in field notes, observations, or interviews. Zero respondents use social media to keep 

in touch with a mentor presurvey and changes slightly by one in the postsurvey. This may have 
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been an effect of the co-design, and if, by chance, it is a small one. Interviews did have more 

utterances, particularly in reference to Slack, so the option is still viable (Table 9). One student in 

an interview stated, “Oh yeah I like Slack”. Another student in an interview had an interest in 

Facebook, “I think it will be cool... we could have a Facebook group and then have like an email 

list or like a newsletter”. This student was interested in being comfortable with peers and “if you 

came don't worry about it it's informal let's talk about what we're doing let's talk about successes 

opportunities failures... I'm gonna get on that when I have time”. This shows interest and 

potential that perhaps can be explored in future iterations, or could be enacted without the need 

for research, but good practice. The design fell short of the initial intended design, but the 

contribution was still beneficial toward the support of a PLC or PLN, but perhaps more emergent 

self-organized study groups until a better design comes along (Chandler, 2012; O’Byrne et al., 

2021). The question remains, whether CAM applied to informal mentor networks with social 

media can expand, deepen, and transfer knowledge.  

Surveys. A primary focus of this study was to support CAM using social media. In spite 

of the analysis and exploration phase of educational design research, social media use as a 

modality for mentorship, or even contact with a mentor was low. Of the 13 respondents who took 

the survey, none had checked neither Facebook, LinkedIn, Instagram, nor ASU Mentor Network. 

One had responded with Facebook and Instagram for staying connected with a mentee. Based on 

low social media usage in the responses, the relationships participants have with professors and 

peers are closer recognized from a networking perspective.  

The primary task within the CAM co-design is conjecture mapping, and the presurvey 

analysis showed an opportunity with a familiar and authentic task with relevant material. When 
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asked, “How comfortable are you with conjecture mapping?” (Figure 3), six of eight participants 

had increased their comfort rating. A repeated measures t-test was conducted on participants 

pretest to posttest “How comfortable are you with conjecture mapping?” responses. This test 

indicated significant change over time, t(7) = 2.99, p = 0.02; Cohen’s d = 1.30. This indicated 

that the mean posttest score (M = 1.38) was significantly higher than participants’ initial pretest 

score. Table 4 provides the means and standard deviations.  

Table 4. Repeated Measures Paired Samples Summary by Test  

Test 

Pre 

Mean 

(SD) 

Post 

Mean 

(SD) 

t(7) 
Sig.  

(p)  

Effect 

(Cohen’s d) 

How comfortable are you in 

conjecture mapping? 

6.13 

(1.55) 

7.50 

(0.76) 
2.99 0.02* 1.30 

How important is mentorship in 

the Learning Sciences? 

4.13 

(0.84) 

4.5 

(0.54) 
1.43 0.20 0.74 

How important is mentorship in 

pursuing your personal, 

professional, and educational 

goals? 

4.38 

(0.92) 

4.50 

(0.76) 
1.00 0.35 0.35 

Recognition Index 
0.38 

(0.74) 

0.75 

(0.56) 
2.18 0.07 0.49 

Interest Index 
1.46 

(0.43) 

1.5 

(0.47) 
0.31 0.76 0.38 

Competence/Performance Index 
0.93 

(0.59) 

1.10 

(0.43) 
1.59 0.16 0.31 

Oblique 
0.60 

(0.53) 

0.87 

(0.45) 
3.26 0.01** 0.23 

*p < .1, one-tailed t(7)= 2.183, p= 0.065, Cohen’s d= 0.486 

**p < .1, one-tailed t(7)= 3.257, p= 0.014, Cohen’s d= 0.232 
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Figure 3. Comfort Level with Conjecture Mapping 

The results on comfort level of conjecture mapping from presurvey and postsurvey in 

Figures 4 and 5 show a change that other analytics have not - a pattern visible in a small sample, 

but a clear perception change in students. This intervention was only a complement of what is 

taught and explained very well in formal program courses. This was an informal invitation to get 

more practice that contributed to participants and their confidence in an authentic task as 

legitimate peripheral participants.  

 

 

Figure 4. Presurvey Comfort Level with Conjecture Mapping 
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Figure 5. Postsurvey Comfort Level with Conjecture Mapping 

When asked on a scale of 1-5, “How important is mentorship as a Learning Sciences 

Student?” (Figure 6), the lowest rating in both surveys was a 3. From Presurvey to Postsurvey, 

the number of 3 ratings went from four to one. All Co-design participants rated 4 or greater for 

this variable, three with no change, one going down from 5 to 4, and four increasing by a rating 

respectively. The importance for a mentor network with 9 of 13 participants is confirmed based 

on these results, increasing in the majority of participants from presurvey to postsurvey. 

A repeated measures t-test was conducted on participants pretest to posttest “How 

important is mentorship as a Learning Sciences Student?” responses. This test indicated non-

significant change between tests, t(7) = 1.43, p = 0.20; Cohen’s d = 0.74. This indicated that the 

participants’ mean posttest score (M = 0.38) was not different from participants’ initial pretest 

score. Table 4 provides the means and standard deviations.  
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Figure 6. Importance of Mentorship in the Learning Sciences 

Differentiating contexts from the Learning Sciences specifically, to broader goals in 

general, many respondents put the same or more importance on the latter. When asked on a scale 

of 1-5, “How important is, and/or was, mentorship in pursuing your personal, professional, and 

educational goals?” (Figure 7), the differences between Presurvey and Postsurvey are not as 

remarkable but indicate a high degree of importance to broader goals outside of the Learning 

Sciences. This probably has to do with the significance placed on “big picture” goals that 

encompass their formal education in the Learning Sciences and how it fits into the rest of their 

personal, professional, and educational goals. This also makes mentorship even more important 

in these cases. 

A repeated measures t-test was conducted on participants pretest to posttest “How 

important is, and/or was, mentorship in pursuing your personal, professional, and educational 

goals?” responses. This test indicated non-significant change between tests, t(7) = 1.00, p = 0.35; 

Cohen’s d = 0.35. This indicated that the participants’ mean posttest score (M = 0.13) was not 

different from participants’ initial pretest score. Table 4 provides the means and standard 

deviations.  
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Figure 7. Importance of Mentorship for Personal, Professional, and Educational Goals 

The Likert scale for Identity Constructs seemed like a good opportunity to test whether 

there was an effect from the intervention, but when asked on a scale of 1-5 Likert scale for 

Identity Constructs, with only a slight shift in Confidence Index, but generally consistent patterns 

on the affirmative position (Figures 8 and 9). One thing to note is the recognition of “friends and 

family outside of school circles” straddling the Neutral position for both Presurvey (Figure 8) 

and Postsurvey (Figure 9). This may suggest a lack of familiarity with the field, as it is relatively 

young and not as popular as other professional disciplines, even within education. It does reflect 

an opportunity for continuing to build an identity as Learning Scientists, for Learning Scientists, 

and being active, engaged, participants, and sharing research with friends, families, and 

communities to influence positive change. 
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Figure 8. Presurvey Identity Constructs Likert Scale 

 

Figure 9. Postsurvey Identity Constructs Likert Scale 

It was valuable implementing quantitative analysis methods, though not with the 

significance level hoped for, nonetheless, the results and method could be used in the future as an 

example. When compared using a Paired Sample t-test for Identity Constructs of “Interest”, and 

“Confidence”, the results are not significant for a difference that the intervention changed 

perceptions related to identity, which compares means of the averages for factors related to each 

index from Presurvey and Postsurvey (Table 4). The significant measure for Oblique applied to 

one question, “Others ask me for help in the Learning Sciences”, has a recognition and 
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confidence factor calculated from the means. Results of the Paired Sample t-Test were calculated 

in SPSS.  

The means for indexes is depicted in Figure 9. Recognition Index indicated a significant 

change between tests, t(7)= 2.18, p= 0.07, d= 0.49. This indicated that the participants’ mean 

posttest score (M=0.375) was significantly higher than the participants’ initial pretest score. 

Interest Index indicated a non-significant change between tests, t(7)= 0.31, p= 0.76, d= 0.38. 

This indicated that the participants’ mean posttest score (M=0.04) was not different from the 

participants’ initial pretest score. The Competence/Performance Index indicated a non-significant 

change between tests, t(7)= 1.59, p= 0.16, d= 0.31. Lastly, Oblique indicated a significant change 

between tests, t(7)= 3.26, p= 0.01, d= 0.23. This indicated that the participants’ mean posttest 

score (M=0.27) was significantly higher than the participants’ initial pretest score.  

All factors for identity constructs increased, in order of significance recognition, 

performance/competence, and interest. The data for identity factors showing a high level of 

interest pretest and posttest could be an indicator of high interest in the field and program, and 

also respondent motivation. Students who chose not to participate may have had an impact on the 

testing, particularly in medium power results (d < 0.5) present in all factors, more so in 

performance/competence (d = 0.3). Considering the significant changes in comfort with 

conjecture mapping and identity factor of recognition, the role of identity seems to be correlated 

and perhaps the high level of interest is a causal process, addressing research questions 3 and 4. 

Highly engaged respondents and participants were the sample that provided data, but providing 

data does not mean that nonparticipants and non-findings are significantly different. 
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The last question for the survey was “Would you like to see more mentorship 

opportunities in the Learning Sciences?” with the majority from both tests responding “Yes”, a 

smaller percentage responding “Maybe”, and zero “No” responses (Table 5). In discussion, part 

of the intervention was providing resources for mentorship opportunities which are available but 

may be underutilized or not explored yet for some. The “takeaway artifacts” are equipped with 

these resources, in the hopes that they may be useful for others and shared with peers.  

Table 5. Would You Like to See More Mentorship Opportunities in the Learning Sciences?  

Answer Presurvey Postsurvey Change 

Yes 

7 8 +1 

63% 80% +17% 

No 

0 0 0 

0% 0% 0% 

Maybe 

4 2 -2 

36% 20% -16% 

 

Situated Cognition Codebook. The codebook developed from Greeno’s levels of 

cognition in activity was oriented toward situated cognition for the co-design sessions and later, 

the interviews with individual participants (Table 8, Table 9, Table 10, & Appendix H). The 

intervention was conducted over three iterative sessions, which took into account participant 

feedback and researcher field notes and observations through a Facilitator’s Guide (Appendix 

D). The first session had one participant, which resulted in a revised thesis conjecture map and 

co-design for future iterations, in which the participant was involved in a second iteration. The 
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second session had four participants, two of whom were working collaboratively on a seminar 

group project, resulting in a tentatively improvised template for future use and implementation. 

The second session was also the only session to have all three cohorts represented at one time. 

The final session had five participants, with four participants who were able to conduct a draft or 

revise a conjecture map for their Applied Project.  

Table 6. Levels of Cognition  

Co-design 

Session 

Level 1 

Achievement 

Level 2 

Achievement 

Level 3 

Achievement 

Level 4 

Achievement 

Routine 

Comprehension 

Emergent 

Understanding 

Adoption and 

Effort 

Conceptual 

Growth/ LPP 

Iteration 1 37 9 7 7 

Iteration 2 28 6 3 0 

Iteration 3 20 7 9 4 

 

The most common code across measures for each co-design was explaining and feedback 

(Table 7). This is an important metric because it encompasses different levels of explaining, 

including elaborated feedback, unelaborated feedback, unelaborated facts, and topical terms 

only. The codes for explaining and questioning have potential for additional weighting, however, 

for this study method only frequency for each item was quantified (Zhang et al, 2018). 

Questioning was less than half of all utterances and excerpts. Noteworthy is the frequency of 

elaborated explanations which are similar to Roscoe and Chi’s “reflective knowledge-building”, 

which are “intermingled processes of knowledge construction and metacognition... that support 

tutor learning” (2008, p. 322). Collaborative learning allowed peers to exercise in engaged 
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learning activities surrounding content material and systemic processes at a high level 

intercontextually. 

Table 7. Feedback and Questioning  

Co-design 

Explaining 

and 

Feedback 

Questioning 
Explanation- 

seeking 

Fact- 

seeking 

Idea- 

deepening 

Initial 

Wondering 

1 47 26 6 4 11 5 

2 44 16 1 5 5 5 

3 34 12 0 6 5 1 

Totals 125a 54 7 15 21 11 

a 76 elaborated explanations, or 61% of all explaining and feedback utterances  

Table 8. Codebook Examples 

Code Description Example 

Level 1 

Routine comprehension, 

conceptual understanding, 

problem solving, including 

performing procedures, 

search in problem spaces, 

reasoning, planning, skill 

acquisition 

“And just to clarify, you said that in my breakout 

room, I can just continue working on mine, I 

guess in combination with... Okay, cool” 

Level 2 
Emergent 

understanding 

“Yeah, I agree the more I do this the more I 

mean there's so many nuances but it's also it 

really you know seeing other peoples’ research 

through these tools really, really provides 

insights that are sometimes hard to follow even 

in a narrative” 

Level 3 

Adopting tasks, expending 

effort toward accomplishing 

goals 

“This is the first time and, this is, this is partially 

why, a big reason why, I wanted to come 

because I figured it’d help me kind of formulate 

this, but now we're just doing it. So that's even 

better” 
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Level 4 

Conceptual growth, 

commitment to learning 

goals, sustained, persistent 

participation in learning 

practices 

“I will say that the more that I engage with them, 

the more comfortable I feel just kind of being 

comfortable with that ambiguousness. And 

working with that ambiguousness. And just 

letting myself kind of try it out. It definitely 

makes me feel a lot more comfortable with my 

project” 

Explaining 

● Elaborated 

explanations 

● Elaborated facts 

● Theorizing topical 

terms only 

● Unelaborated facts 

“Well, that's it's an interesting question, because 

it kind of kind of underlies the fact that every 

environment is out of our control, right. There's 

no environment that 100% control. And so, 

when you think about doing a conjecture map in 

a learning environment in which things are 

constantly shaping and shifting, then getting that 

multitudinous sense of perspective and shift is 

important. But you also have to remember that a 

conjecture map is a point of view, right? You're 

conjecturing that something is going to cause 

something else. If I, if I have cooking classes for 

my students, it will increase engagement, which 

will cause them to turn in more homework. 

Right? And so that conjecture then is shaped and 

formed by the context that you talked about in 

the embodiments. And in the mediating 

processes. You've got your beginning and 

ending, but you have a reason why you think 

something's going to happen. And that's where 

you back it up. Like Latour would say, you back 

it up with your research and everybody else's 

citations.” 

Questioning 

● Explanation-seeking 

● Fact-seeking 

● Idea-deepening 

● Initial wondering 

“OK it seems like for us it was the same thing. 

Co-designing 'cause we talked through my 

conjecture I mean my thesis and didn't change it, 

does that sound right to you? Tell me which part 

was co-design? I feel like we did the conjecture 

mapping together which has been excellent and 

helpful but since we were already dealing with a 

design that I've created did we do a co-design or 

what part counts is co-design?” 
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Interviews. The focused interviews were coded based on social media, identity, and 

informal networks to triangulate toward research question alignment and relevance (Table 9). 

The pivot toward a community of practice and the importance of identity became more evident 

through iteration, but the interviews being conducted following the final co-design reinforce the 

degree of discourse focused on it. The support for peer tutoring and informal mentorships is 

exhibited in the coding of co-design also, where systems and structures play an important role. 

One participant added “When you touch a piece of knowledge or when you, you know receive a 

piece of knowledge is part of relationships’ push-pull, give-get, and so, in a way, going to the 

study groups is actually mentoring me in, you know, what are the kinds of problems that people 

are facing what are people thinking about what's this community relationship”. Positioning and 

authority relate to identity and structures, as one student puts it, “I don't know if I would really 

think about that experience in terms of myself being a mentor more of myself being a mentee 

perhaps, but maybe that's a better positioning right maybe that's more of like a ‘we're all here to 

learn from each other’”. Participant co-design and CAM have a strong influence on situated 

cognition and resonate frequently in the analysis. 

Table 9. Interview Identity and Informal Network Coding 

Interview Social Media 
Mentor 

Networks 
Identity 

Systems 

Structures 

J10 0 2 13 8 

I9 0 0 14 4 

H8 0 0 18 13 

G7 0 4 22 8 

F6 1 1 10 13 
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E5 5 7 10 6 

B2 2 0 11 12 

A1 2 4 8 5 

Totals 10a 18 106 69 

 

Note. Participant IDs are listed under the interview column for all 8 participants. Survey 

respondents were not interviewed and did not participate in co-design.  

a 6 of 10 Social Media references were attributed to Slack. Slack was mentioned by 4 participants 

separately. LinkedIn was mentioned once by one participant and Facebook was mentioned three 

times by another. 

Table 10. Interview Question Analysis with Examples 

Question Level Construct(s) Example 

How did the study 

group change your 

perceptions of the 

Learning Sciences? 

4 Recognition 

“It enacted it, what I haven't experienced yet 

which is this group of people coming together 

doing collaborative research collaborative 

design… I'd heard of and read through the 

literature, but I actually experienced it and I was 

actually a part of it, so it made the Learning 

Sciences real to me.” 

How did the study 

group change your 

perceptions of 

mentorship? 

4 Recognition 

“When you touch a piece of knowledge or when 

you... receive a piece of knowledge is part of 

relationships’ push-pull, give-get, and so, in a 

way, going to the study groups is actually 

mentoring me… what are the kinds of problems 

that people are facing, what are people thinking 

about, what's this community relationship” 

How did the study 

group change your 

perceptions and 

behaviors with 

networking? 

4 Confidence 

“Before the group that we did, I saw networking 

as people who I directly interact with. I see 

them in a close network, and I feel comfortable 

with them… I didn't really think think of it as 

people that I can interact with I thought of them 
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as networks of other persons that I could be 

affiliated with by being affiliated with someone 

in my network, but I guess in summary, it 

expanded my network and allows me to think of 

anybody in that system to be someone I can 

communicate with and work with and… gain 

mentorship from… it brought awareness to how 

substantial my network actually is, and it built 

confidence for reaching out too… I perceive my 

network as in two levels, and so… it provided 

and built confidence with reaching out to my 

second level network persons” 

Do you see any 

benefits to building 

a mentor network? 

3 
Recognition 

Competence 

“Having more people like different people to 

reach out to that you feel comfortable like 

asking for their help, or their advice, or just like, 

even to just talk about talk through some things. 

I think it's great” 

Do you see any risks 

to building a mentor 

network? 

3 
Recognition 

Competence 

“When you think about a mentor network, you 

also have to think about the the match of, 

generally thinking about resources and the 

resources that people have, including their time, 

their expertise, and their humanity in a way, one 

of the other problems with mentoring networks 

is that if you come up with a mentor is a really 

successful person. That can lead to the idea that 

they've always been successful and so 

transparency in failure is another really 

important part of a mentor network and mentor 

relationship” 

How might you use 

the study group as a 

way of becoming a 

Learning Scientist? 

4 
Recognition 

Interest 

“I think anytime you study, something that is 

central to the Learning Sciences like conjecture 

maps and you're studying it with people who are 

also interested in doing Learning Sciences, then 

I think that increases your identity as a Learning 

Scientist” 

Is there something 

you really liked 

about the study 

group? 

4 Recognition 

“I really liked that we were all in the same, 

we're all working kind of on the same project 

and in the same course, so we were all able to 

like, use our own applied projects and actually 

work through real things that we needed to work 

through. Like, it wasn't a scenario, is really, 
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really real, meaningful work. I think on all 

sides” 

Is there something 

you didn’t really like 

about the study 

group? 

4 Interest 

“If I'm being honest, the only thing I didn't like 

was that our time was limited, because I think 

just maybe, just who we are, but we like to talk 

and talk and like, not just talk about talking 

about what we're doing you know, like the fact 

that we just had to limit it because, like you're 

collecting information and data and stuff it's like 

we can't just like drag it on you'll have hours 

and hours to parse through. But I think if we had 

more time, we might have had more… things 

could have gone better too. I don't know, but 

again everybody's got different schedules, too, 

so. But if we ever had like a very long time to 

talk about things I wouldn't mind” 

How might students 

improve the study 

group in the future? 

4 Interest 

“You were in there with us and kept us very 

well on, like time you know, going through an 

appropriate time which I appreciated. Just from 

experience with getting together in groups in 

general, that does not always happen. So, 

making sure that that continues to happen would 

be good” 

Will this experience 

make you a better 

mentor or mentee in 

the Learning 

Sciences or in 

general? How and 

why? 

4 
Recognition 

Interest 

“I don't know if I would really think about that 

experience in terms of myself being a mentor 

more of myself being a mentee perhaps but 

maybe that's a better positioning right maybe 

that's more of like a we're all here to learn from 

each other” 

 

The second iteration development of the conjecture map for the study had done away 

with the original tools and materials as part of a design conjecture for embodiment, as well as the 

social media participant structure (Figure 10). 
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Figure 10. Conjecture Map 2 Iteration 2 

Iteration 3 has revisions to tools and materials, the Facilitator’s Guide and “takeaway 

items” which were already in use but codified in a better depiction of the study’s enactment. 

(Figure 11).  

 

Figure 11. Conjecture Map 3 Iteration 3 
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The final version of the study’s conjecture map better depicts outcomes in terms of the 

codebook and coding system, as well as the identity constructs being used for analysis (Figure 

12). 

 

Figure 12. Conjecture Map Final 

Looking at interview data, survey results, content analysis of conjecture maps, what 

wasn’t displayed in the co-design coding is better explained in the embodiment and for 

expending effort and conceptual growth with legitimate peripheral participation. For a first-year 

student to go from a 4 to an 8 in comfort level with conjecture mapping, express Level 4 

legitimate peripheral participation in an interview, then demonstrate it with a collaborative 

conjecture map for conceptual change and application in a community of practice demonstrates 

the promise of study groups or informal mentor networks with cognitive apprenticeship. When 

asked “How did the study group change your perceptions of the Learning Sciences?”, one 
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student responded, “It enacted what I haven't experienced yet which is this group of people 

coming together doing collaborative research collaborative design, even in the initial stages that 

I'd heard of and read through the literature, but I actually experienced it and I was actually a part 

of it, so it made the Learning Sciences real to me” (Table 10). This was Legitimate Peripheral 

Participation, where theory and practice were connected and enacted, grounded in formal 

classroom settings, enacted and embodied in an informal environment, though we could argue 

that a recorded study somewhat formalizes the situation. As a comparison artifact for content to 

further illustrate this conceptual change and expended effort, a conjecture map was shared that 

was used in Seminar collaboratory with other students, one of which made the suggestion that we 

use their group agenda as a case for an example in Co-design Session 2 (Figures 13 and 14). 

Figure 13. Co-Design Session 2 Collaborative Coaching and Scaffolding 
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Figure 14. Co-design Session 2 Level 3 and Level 4 Artifact 

One final item that was taken into comparison, unlike paired samples, are participants to 

respondents, cohorts, and tracks. For comparison of averages, this table will not show statistical 

significance, but changes in averages with calculations for basic points across independent 

variables (Table 11). From the changes in average, the groups that benefited most by points were 

2022 cohort and thesis track. Given the amount of time and experience with the content and 

working within the context as Learning Scientists, the analysis makes sense. Thesis and project 

tracks have small changes and little difference by points. The expectation for knowledge in 

theory and practice is the same for both tracks.  

Table 11. Respondent vs. Participant Comfort with Conjecture Mapping by Cohort and Track  

Cohort Presurvey n Postsurvey n Change 

All 

Respondents 
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2020  9 1 8 2 -1.0 

2021 6.1 7 7.2 6 1.0 

2022 2.7 3 6.5 2 3.8 

Only 

Participants 
     

2020 9 1 9 1 0.0 

2021 6.0 6 7.5 6 1.5 

2022 4.0 1 8 1 4.0 

Track Presurvey n Postsurvey n Change 

All 

Respondents 
     

Project 5.4 8 7 6 1.6 

Thesis 5.7 3 7.5 4 1.8 

Only 

Participants 
     

Project 6.4 5 7.4 5 1.0 

Thesis 5.7 3 7.7 3 2.0 

 

 Participant Observation. The iterative and participatory nature of the study was 

important for evolving from a social media context with online presence and exploration, to a 

focused student group that was closer to a community of practice that students were comfortable 

with. From the first iteration, field notes were difficult, as it was one to one, with one participant, 

but it was helpful in that the co-design improved the Facilitator’s Guide. A good example of 

explaining and metacognitive reflection, gaps in the guide were made visible in the enactment is 
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in Appendix H and Figure 13. At this point, co-design had identified the design conjectures shift 

from social media oriented tools to the Facilitator’s Guide and collaborative artifacts embedded 

in the presentation. The identity constructs and situated cognition played a more significant role 

than the original design goal of expanding out into communities of interest with ASU Mentor 

Network profiles and worksheets from Career and Professional Development Services. Further 

observations were made in the usefulness of CAM and conjecture mapping. Exploration into 

PLC and PLN resources and references, courtesy of ASU Graduate College and Career and 

Professional Development Services for informal mentorship (Arizona State University, 2020). 

The resources were there and provided as “takeaway items” through shared Google Slides and 

Jamboard. The time for exploration was reduced to make more time for collaborative activities 

after the first and second iterations (Appendix H). According to field notes, “second iteration 

went long, adjusted to group and opportunity” and one student remarking, “I don’t think I’m 

great at doing it, but I love it”. There is recognition and performance/competence in this 

statement. There is both commitment to learning goals and interest, on one hand, and a humble 

performance/competence. This particular student made a level 4 leap in conceptual growth with 

the conjecture map (Figure 17). Students' interest is and was already in the Learning Sciences. 

Conjecture mapping resonated and participant co-design was important to increasing student 

recognition from peers toward membership in a community of practice. Participant interest in the 

Learning Sciences is the highest among identity constructs and indexes, and mentorship is 

something that most students place a high importance on, more so for personal, professional, and 

broader educational goals. The initial proposal for informal mentorship with social media had an 

intended methodology that could use social network analysis to understand the existing systems 
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students used and potential insights and impacts on those systems. It was discovered early on that 

social media had low usage for mentorship which didn’t change over the course of the study. 

One observation that was repeated over and over was that the intervention was helpful, and the 

participant co-design, being multigenerational, was demonstrative of peer mentoring. Design-

based research and iterative participant co-design allowed for the study to focus on identity 

within a community of practice, and potential for structures and systems of mentorship and 

informal networks to better understand why some resources might be underutilized. 

LIMITATIONS  

Methods. The method and coding used would be stronger with Inter-Rater Reliability. 

There was systematic coding of data, but it would be interesting to see the similarities and 

differences in comparisons with other researchers (Collins et al., 2004, p. 40). Interrogation using 

this coding system and how it might change and improve through rigorous critique and 

implementation of multiple users would refine the descriptive quality and perhaps change the 

findings and analysis from them.  

One failure was that the methodology for the intended research of informal mentor 

networks was disproportionately angled toward social media. In the initial stages for exploration 

and analysis, some of the signs of a mismatch in literature review might have hinted towards a 

better initial design and construction. The research questions could have been altered early on to 

account for the changes in early iterations, though may not have changed early enough for more 

thorough research methods. The urge to do more was a constraint to smaller more focused 

research and caused a considerable amount of work to adjust, taking time away from later stages 

in the research process for ongoing review and adjustment of methods. 
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Data. Having more participants could have changed the results and confidence ratings. 

When it began, there was some concern that there could be limited size for collection. Interest in 

the study was high enough, that a baseline was reached and could be repeated with a larger 

sample to test results for theory and practice. The worksheets in Appendix H and resources were 

not provided a process or time to know whether they were useful to any of the participants.  
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

DISCUSSION 

Referring back to the literature review, social media can help learners connect with and 

engage mentors. Most people use social media, and some use it for mentorship with desirable 

outcomes. This study did not reach a point or result in much for findings related to the first 

research question. Apparent from the presurvey, the space is underutilized for ASU Learning 

Sciences students, however, the survey missed one social media platform, Slack. Through 

interviews, Slack did come up and is noted in Table 9. This study was not prepared or interested 

in collecting data from Slack, but through interviews, questions could have highlighted many 

insights from students directly from what they wanted to share. Slack is not underutilized, but to 

what extent was not analyzed, but there could be an opportunity to conduct a less complicated 

study from participants related to peer mentoring and social media. Building off the results of 

this study, another iteration could be conducted with a better design prepared and focused in 

advance.  

All participants had a conjecture map considered useful by the members who provided 

them. The identity of the participants and that of the group was shared, reciprocal, and 

appreciated with recognition for those considered “mentors” from current and previous courses, 

but also from those considered to be in a position to mentor themselves by being present, 

supportive, and encouraging. Being a part of the community of practice was beneficial, whether 

from a questioning standpoint or an explaining perspective, engaging in the exchange was 

constructive. Learning about others’ research interests, conjectures, and elements of their 
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conjecture maps was an activity that provided relational agency and productive disciplinary 

engagement (Engle & Conant, 2002).  

An informal setting with recognized peers who see each other as Learning Scientists 

conducting authentic tasks, questioning and explaining collaboratively is an opportunity that 

supports MKOs and content knowledge for co-construction (Roscoe & Chi, 2007; Roscoe & Chi, 

2008) . The benefits of peer tutoring have been shown to improve outcomes when performed 

with elaborated explanations, a strong reason for continuing the practice as students to self-

organize into study groups and pursue content in different contexts with multigenerational peers. 

A trajectory toward exposure to learning opportunities and social contexts was a likely 

contributor to the conceptual growth and legitimate peripheral participation.  

Research Question 1: What are Learning Sciences students’ experiences with social 

media platforms to create informal mentorship learning opportunities during the 

application and acceptance process, during graduate studies, and/or post-graduation? Few 

students initially recognized that social media was an option, and one mentioned Facebook as 

having potential for future use and with intention. A few students were receptive to the idea of 

ASU Mentor Network, but what was a primary focus initially, became an opportunity for 

exploration with CAM. Most students are interested in personal connections and meaningful 

relationships. Considering COVID-19 Pandemic, in-person relationships have been changed for 

the foreseeable future, but the desire has probably only grown. Virtual and online opportunities 

have been there, yet it is yet to be seen whether the adoption will increase out of will or 

necessity. 
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Research Question 2: How have these experiences influenced their personal and 

professional goals? This is not entirely moot, based on the previous overarching question, yet 

what was discovered were examples of mentorship in general, as well as communication through 

Slack, which is a tool that is often used between cohorts and courses for a variety of purposes. 

Slack has emerged as a great connection tool which offers opportunities to share insights and 

interests, as well as ask questions and provide feedback. Staying connected to an active exchange 

of past, present, and future allows all members to participate as members in the Learning 

Sciences community of practice under various themes and channels, including “Random”. Data 

from Slack is beyond the scope of this research. What was mentioned in interviews was that 

informal mentor networks are usually formed through personal connections with people they 

already know and trust. Most are reluctant to “connect” with a stranger.  

Research Question 3: How might identity play a role in LS student communities of 

practice and mentorship? Membership in a community of practice makes a big difference, as 

evidenced by the strong agreement in presurvey and postsurvey comparisons. The agency is 

already there for Learning Sciences students. What was not as obvious or recognized, was the 

significance and appreciation for the ambiguous and roles of mentor and mentee, which are not 

designated or appointed, but interchanging and fluctuating, informally in interaction. As 

members in a community of practice, peers can and should play both roles. One identity inhibitor 

that was mentioned by a few participants was impostor syndrome. The amount of support and 

encouragement, carried over from professors and the culture, do well formally and are part of the 

community of practice, in the field of Learning Sciences, but also the University and program 

specifically. It is the hope of this study to support identity and its constructs, to make expansive 
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framing and exploration possible for all students. This was the richest of research questions from 

a data and findings perspective. Between PLCs and PLNs, members as a community of practice 

are key. Learners need to identify, connect, and be recognized as legitimate peripheral 

participants who have agency.  

Research Question 4: What are the key systems and structures in informal learning 

and mentoring networks? Similar to the previous question, the keys were related to the theory 

and methods, and from those found that context, activity, identity, and content, per the analysis 

already mentioned. Two structures introduced in this thesis were CAM and conjecture mapping. 

Participant co-design is closely aligned with CAM, as a participant structure, the positioning 

helps participants progress from the periphery to the ZPD, in a community of practice. The co-

design was helpful for students, but the key system is what exists in the Learning Sciences 

program at ASU, and perhaps central to that system is the university itself and the field of 

Learning Sciences. The intermingling of communities, contexts, and cultures of learning are 

inextricably linked. The principles of CAM and situated cognition are sewn together for 

members of these communities, connecting students with faculty, researchers, and educators. 

Students self-organizing and putting theory to practice and practice to theory is consistent with 

DBR. Equating a study group to a PLC or PLN only goes so far. Exploring these opportunities is 

something that is where CAM fosters expanding, deepening, and transfer of knowledge. 

Time. Time was one of the most recurring themes in the interviews and in the 

articulations of each co-design. Participants wanted more time with the activity over a longer 

period of time. This has led to more self-organizations of study groups on the topic (Level 3 and 

4). This isn’t the first time a study group was self-organized, but the framework may have been a 



58 

productive option, or at least a facilitating tool for scaffolding. Time also came up as a risk or 

concern that students had in a mentor relationship. Feeling burdened or responsible for not 

wasting the time of someone else, faculty and advisors particularly. A peer-to-peer mentor 

network or study group helps students wrestle with a topic and gain multiple perspectives before 

presenting to a formal mentor. Most formal mentors may be aware of this perception already and 

mitigate it by being open, accessible, and inviting, but the identity and influence of previous 

experiences or culture may still be difficult to navigate.  

Future Research. Building on the limitations with data and theorizing with practice 

about context, it would be interesting to see Social Network Analysis applied to answer the 

following questions in a study (de Laat et al., 2007):  

● Who learns from whom? 

● What do they learn from each other? 

● What kind of interaction happens between learners? 

● Which direction do resources flow? 

● How frequently do interactions happen? 

 Local Context. The program and existing design within the program, between 

administration, faculty, and students, allows for emergence and is designed with agency with and 

for a community of learners and community partners in education and innovation. Study groups 

will always exist. Formalizing study groups was not the goal of this study, improving attitudes, 

perceptions and beliefs was, but the program already does an outstanding job with that. The pivot 

was in addressing recognition and confidence in members of the community of practice to 

perform authentic tasks as professed in coursework as legitimate peripheral participants. Going 
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forward, students will continue to self-organize around the demands and desires of their 

prerogative. It would be interesting to see whether cognitive apprenticeship models are 

implemented and improved, but conjecture mapping is indeed a focus that should persist. Future 

surveys can take into account more design-related ideas in advance, and more time, if not per 

session, definitely over a span longer than one or two weeks and with more than 3 sessions.  

 
CONCLUSION 

 The purpose of this research is to help Learning Sciences students and improve ways of 

learning in informal environments while advancing theory and practice to contribute something 

meaningful to the field and its participants, in essence, the community as a whole. Social media 

is influential, but not when it comes to mentorship. Students want personal connections and 

relationships that have meaning. Students often self-organize into study groups. The Cognitive 

Apprenticeship Model provides a framework for accomplishing the tasks, skills, and content 

areas for conceptual growth, emergent understanding, adoption and effort, along with routine 

comprehension and problem-solving, but for situated learning with deeper understanding as 

legitimate peripheral participants in a community of practice.  

 Mentorship is a co-design. In “traditional” mentorships, not unlike traditional 

apprenticeships, there is a relationship where both parties have some agreed upon terms or 

expectations, but the choice of role models and mentors is often done by the mentee. In some 

cases, a “mentor” may see a mentee as needing some guidance and make a decision to intervene 

or establish a relationship. In informal mentor networks, particularly in a study group, the 

participants choose whether or not they want to be involved or engaged, and they choose the 

content, whether what is interesting, important, applicable, and accessible. Opportunities do 
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exist, and it takes a nudge or an invitation sometimes. The relationship and equitable practice 

make it meaningful, supporting and encouraging confidence, recognition, and interest for all 

learners and levels, by meeting them where they are.  

 For the Learning Sciences Program at ASU, there is an incredible amount of interest 

among students, past and present. The program should continue to develop mentorship 

opportunities locally and conduct research that advances theory and practice with legitimate 

peripheral participation. It is clear that conjecture mapping will be relevant content and the 

mentorship opportunities exist, and students should co-create them, in addition to share the 

opportunities and resources that already exist. Slack could be the main platform or modality for 

social media-like mentorship. Others like ASU Mentor Network could become valuable 

alternatives to some students. For the field of Learning Sciences, LinkedIn and Twitter seem to 

have the most potential for social media informal mentor networks, be it PLCs or PLNs, a 

community of practice with legitimate peripheral participants who are interested and identify as 

members can learn from each other in meaningful ways. Conjecture mapping and exposure to 

contrasting cases and examples could be one of the more helpful artifacts for critique and sharing 

with and for the community.  

Social media is a great way to boost membership and engage with participants. Spreading 

knowledge and experience through local resources or events such as Talking About Design, Grad 

Webinars, Shaping EDU, or larger events like the International Conference of the Learning 

Sciences (ICLS) and International Society of the Learning Sciences (ISLS) community events 

could be a small move smartly made. Integrating with other colleges, programs, and community 
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partners is another way to expand and participate in ever-growing opportunities for learning and 

development.  
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APPENDIX B 

INTERVIEW PROTOCOL 
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1. How did the study group change your perceptions of the Learning Sciences? 

2. How did the study group change your perceptions of mentorship? 

3. How did the study group change your perceptions and behaviors with networking? 

4. Do you see any benefits to building a mentor network? 

5. Do you see any risks to building a mentor network? 

6. How might you use the study group as a way of becoming a Learning Scientist? 

7. Is there something you really liked about the study group? 

8. Is there something you didn’t really like about the study group? 

9. How might students improve the study group in the future? 

10. Will this experience make you a better mentor or mentee in the Learning Sciences or in general? 

How and why? 
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APPENDIX C 

QUESTIONNAIRE INSTRUMENTS (PRESURVEY + POSTSURVEY) 
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Pre-survey Questions 

1. When did you graduate or expect to? 

2. How comfortable are you in Conjecture Mapping? 

3. For 2020 Cohort, were you in the Applied Project or Thesis track? 

4. For 2021 Cohort, are you in the Applied Project or Thesis track? 

5. For 2022 Cohort, are you most interested in Applied Project or Thesis track? 

6. Are you a mentor? (You are currently mentor or have mentored recently) 

7. Are you a mentee? (You are currently being mentored or had mentorship recently) 

8. How important is mentorship as a Learning Sciences student? 

9. How important is, and/or was, mentorship in pursuing your personal, professional, and 

educational goals? 

10. How do you connect and stay in touch with your mentor(s)? Check all that apply 

11. How do you connect and stay in touch with your mentee(s)? Check all that apply 

12. My parents see me as a learning scientist 

13. My instructors see me as a learning scientist 

14. My peers see me as a learning scientist 

15. I am interested in learning more about the learning sciences 

16. I enjoy the learning sciences 

17. I find fulfillment in the learning sciences 

18. I am confident that I can understand LS theory in class 

19. I am confident that I can understand LS theory outside of class 

20. I am confident that I can do well on exams or my career in the learning sciences 

21. I understand concepts I have studied in the learning sciences 

22. Others ask me for help in the learning sciences 

23. Would you like to see more mentorship opportunities offered to you? 

24. Would you be willing to participate in further research on mentorship? 

25. If you answered "Yes" or "Maybe" to the previous question, please leave an email so we can 

reach you in the near future. This concludes the survey. Thanks again! 
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Post-Survey Questions 

 

1. When did you graduate or expect to? 

2. How comfortable are you in Conjecture Mapping? 

3. For 2020 Cohort, were you in the Applied Project or Thesis track? 

4. For 2021 Cohort, are you in the Applied Project or Thesis track? 

5. For 2022 Cohort, are you most interested in Applied Project or Thesis track? 

6. Are you a mentor? (You are currently mentor or have mentored recently) 

7. Are you a mentee? (You are currently being mentored or had mentorship recently) 

8. How important is mentorship as a Learning Sciences student? 

9. How important is, and/or was, mentorship in pursuing your personal, professional, and 

educational goals? 

10. How do you connect and stay in touch with your mentor(s)? Check all that apply 

11. How do you connect and stay in touch with your mentee(s)? Check all that apply 

12. My parents see me as a learning scientist 

13. My instructors see me as a learning scientist 

14. My peers see me as a learning scientist 

15. I am interested in learning more about the learning sciences 

16. I enjoy the learning sciences 

17. I find fulfillment in the learning sciences 

18. I am confident that I can understand LS theory in class 

19. I am confident that I can understand LS theory outside of class 

20. I am confident that I can do well on exams or my career in the learning sciences 

21. I understand concepts I have studied in the learning sciences 

22. Others ask me for help in the learning sciences 

23. Would you like to see more mentorship opportunities offered to you? 

24. Which parts of the study did you participate in? (check all that apply) 
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APPENDIX D 

FACILITATOR’S GUIDE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 

Introduction 
Conjecture Mapping 
Cognitive Apprenticeship  
Mentor networks 
 

Task and Purpose 
Conjecture Mapping is a tool to organize and communicate design 
research. Cognitive Apprenticeship is a way to teach and learn 
knowledge work. An informal mentor network is a relationship 
between a learner and the people they go to for support and 
guidance. My focus is on informal contexts and opportunities. 

Modeling 
 
Big Idea: 
Demonstration 
 
Participants Will: 
Observe and Ask Questions 

 

Materials/Resources: 
 
Presentation 
Sandoval (2014) 
Conjecture Map 

Notes: 
 

Coaching 
 
Big Idea: 
Professional Vision 
Mentor(s) observe task(s) 
performance assessment.  
 
Participants Will: 
Example Collaborative "White 
Board" for Mapping, 
Apprenticeship, or Mentorship 
 
Questions 

Materials/Resources: 
 
Sandoval (2014) 
Conjecture Map Template 
 

Notes: 
 
 

Scaffolding 
 
Big Idea: 
Support concepts where needed 
and produce examples 
 
Participants Will: 
Find Productive Failure and 
Desirable Difficulty 

Materials/Resources: 
 
Artifact 1 
Reference materials and definitions 

Notes: 

Fading 
 
Big Idea: 
Mentors and MKOs assume 
roles and allow mentees "hands-
on"  
 
Participants Will: 
Continue Collaborative "Jam 

Materials/Resources: 
 
Jamboard Artifact 2 

Notes: 
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Board" for Mapping, 
Apprenticeship, or Mentorship 
 
Mentees take lead 

Reflection 
 
Big Idea: 
Pair and share 
 
Participants Will: 
Reflect on own knowledge and 
performance 
 
Pair and share switch 
 

Materials/Resources: 
 
Artifact 1  
Jamboard Artifact 2 
Reference materials and definitions 

Notes: 

Articulation 
 
Big Idea: 
Designated articulation for 
participant co-design  
 
Participants Will: 
Open turn-taking 
 
Reciprocal teaching 

Materials/Resources: 
 
Artifact 1  
Jamboard Artifact 2 
Reference materials and definitions 

Notes: 
 
 

Exploration 
 
Big Idea: 
Agency, Identity, and Futures 
Thinking 
 
Participants Will: 
Goal-setting: Personal Research 
Conjecture Map 
 
Sub-goals: Thesis or Applied 
Project, Establishment of Mentor 
Network 
 
Contextualized goals 

 

Materials/Resources: 
 
Artifact 1  
Jamboard Artifact 2 
Reference materials and definitions 

Notes: 
 
 

Introduction/Hook: 
(5 mins)  

1. Thank you everyone for coming. The intention for this co-design is to help all of us as 
Learning Sciences students from different cohorts reach personal, professional, and 
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educational goals through Cognitive Apprenticeship in an informal mentor network, or 
Community of Practice through a Conjecture Mapping activity. We will use the 
Cognitive Apprenticeship Model and Participatory Co-Design to co-construct clear and 
specific DBR practice and goals for Thesis and Applied Projects, and future career 
ambitions as a group, then individually. Whether you have something you are already 
working on or want to get started, this is about practice and advancing theory, so we 
all have something to gain.  
 

2. My thesis states: “Cognitive Apprenticeship Models Applied to Informal Mentor Networks: 
Cognitive apprenticeships mediated by informal mentor networks can expand, deepen, and 
transfer knowledge with and for Learning Sciences students.  
 

3. To begin, the Cognitive Apprenticeship Model may not be familiar, but as we go over the 
exercise, each method will be addressed as specified on this slide. This stems from cognition 
theory and the work of Lave and Wenger, and introduced as CAM by Collins, et al. 
 

4. This is the timeline to keep us at an hour, we will be moving quickly, the first 30 
minutes, then the last 30 minutes will be dedicated to unpacking the first 30 minutes 
and exploring future application toward individual research, personal goals, and 
professional agendas. 
 

5. To situate ourselves as Learning Scientists, we conduct DBR and Conjecture Mapping 
is an authentic task for what we do and how we do it. We should all be familiar with 
this, but let’s review the elements. This is slightly decontextualized, so consider your 
personal culture, contexts, and stance toward teaching and learning for application.  

Modeling: 
(5 mins)  
 

1. *** Share Artifact Google Slides link in Zoom (Link) 
 

2. To get started I am sharing a set of slides to model Conjecture Mapping and Guide us 
through the activity. We will begin with refreshing ourselves with Elements of 
Conjecture Mapping. A high-level conjecture, embodiment and design conjectures, 
mediating processes and theoretical conjectures, and desired outcomes.  
 

3. Figure 1 illustrates these elements in relation to each other. Is this the first time 
anyone here has seen a conjecture map? (all should have, if not, welcome to the 
crash-course, but I will show you, and we will co-design together).  
 

4. Slide 6 is the Conjecture Map I made for this research and will model. I know this slide 
is busy, but if you follow the crumbs, it makes more sense. Feel free to come back to 
any of this if any of it is unclear or lacking. Notice the thesis, I already talked about as 
the first element. I left some revisions, so you can see that this is not the first version, 
and this is also, likely not the last. All additions are in BOLD and deletions are 
Strikethrough. I began with a design for social media. I realized the scale and scope 
would be enormous and with the recommendations of the panel and my advisor, I 

https://docs.google.com/presentation/d/1AybqSBZbCfcGdBMvV6XZcXSHT6DWRXaWOT_0oM3zJEM/edit#slide=id.gbe725bc0f5_0_60
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decided it wasn’t feasible and would be too much to tackle. As you may notice, CAM is 
the task structure, Co-design is the participant structure, and Discourse practice refers 
back to CAM and the Co-Design as “ways of talking”.  
 
I later realized there were more observable interactions than I originally considered as 
mediating processes. I got more specific, instead of “what”, I dug deeper to 
“specifically what”. And that is something conjecture mapping helps you with, diving 
deeper into details systematically. Notice I removed worksheets and profiles, which 
were part of the original social media component. The desired outcomes are as 
mentioned already, and related to communities, networks, and identity, which you may 
have noticed as a theme in the surveys.  

 
We are tight on time and have more to do, but are there any questions thus far? 
 

Coaching: 
(5 mins)  
 
Now that I modeled the Conjecture Map for this co-design, let’s do just that, Co-Design.  
 
ADD: We will be using a blank Conjecture Map Template. All participants are invited to 
edit this as we go, though you do not have to, but it is helpful for someone to record as 
ideas are being discussed, as well as asynchronous “jigsaw” edits are also welcome. 
 
Would someone like to suggest their own research? (One each for time) 
 
What is the conjecture? If none, a theory we would like to work with? 
 
Tools and Materials? 
 
Task Structures? 
 
Participant Structures?  
 
Discursive Practices?  
 
Observable Interactions?  
 
Participant Artifacts? 
 
Desired Outcomes? 
 

Scaffolding: 
(10 mins) (5 mins)  
 
Provide examples from Sandoval and previous iterations (ADDED 2nd and 3rd iteration) 
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What did we get right? 
 
What did we get wrong?  
 
Have you noticed anything helpful from the examples? 
 

Fading: 
(10 mins) (5 mins)  
 
ADD: ***Share Jamboard Link 
https://jamboard.google.com/d/19WZoYpZ9GqjZ8UXQekeILnsJ4dDuH-
0buGgUGbatW_U/viewer?f=0   
 
Go to the Jamboard Co-Design and continue the exercise but in random pairs, fading from 
support for activity unless requested but observe. We will not record, I would like everyone to 
focus on the activity and not the technicals. Discuss and I will tell you when to switch.  
 
 

Reflection: 
(5 mins)  
 
ADD: Change groups for reflection. Reassign breakout rooms 
 
The next 5 minutes you will be paired randomly to reflect on your knowledge about 
Conjecture Mapping for 2 minutes, then switch. We will not record, I would like everyone to 
focus on the activity and not the technicals. 
 

Articulation: 
(15 mins)  
 
Group share on knowledge and perceptions Conjecture Mapping Co-Design and reflections. 
 
What about the Co-design was good? 
 
What about the Co-design could be better? 
 
What about the Conjecture Mapping could be better? 
 
What about the Conjecture Mapping was good? 
 
What would make this activity/research better? 
 

https://jamboard.google.com/d/19WZoYpZ9GqjZ8UXQekeILnsJ4dDuH-0buGgUGbatW_U/viewer?f=0
https://jamboard.google.com/d/19WZoYpZ9GqjZ8UXQekeILnsJ4dDuH-0buGgUGbatW_U/viewer?f=0
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Exploration: 
(5 minutes) (15 mins)  
 
The Final portion of this is to take theory and practice and apply it to your personal, professional, and 
educational agendas.  
 
Goal-setting: Personal Research Conjecture Map (submitted for content analysis, not grading) 
 
Sub-goals: Thesis or Applied Project, Establishment of Mentor Network(s) 
 
Contextualized goals 
 
I have compiled a list of resources and references available to all ASU Students, and particularly 
Graduate Students. I left out the Graduate Writing and Statistics Tutoring information but that is easy to 
find and if you need/want it, I highly recommend that as well.  
 
Who would like to share what they have in mind, or where they might go with this? 
 
Interviews and questions are all predetermined.  
 
Post Survey is nearly identical to the first.  
 
Lastly, thank you all. I will email each of you to schedule a short interview, I would like if you could send 
me your conjecture map in an email, and a final post enactment survey. This has been extremely 
helpful and I hope you will be able to use the takeaway materials, the Google Sheets artifact from this 
activity. I really appreciate your time and participation.  

 

Field Notes: 

Interest/Motivation (i.e., 
Personal feelings, 
Questioning, Satisfaction, 
Purpose, Goals, etc.): 
 
 
 
 

Performance/Competence
(How they see themselves, 
Confidence, Perceived 
Understanding): 

Recognition (How they think 
others see them): 
 
 

 

Identity Construct Questionnaire: 
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Artifact 1:  
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Artifact 2:  
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APPENDIX E 

EXAMPLE ASU CAREER AND PROFESSIONAL DEVELOPMENT SERVICES 

WORKSHEETS 
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APPENDIX F 

ARTIFACT 1 SLIDES 
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APPENDIX G 

CONSOLIDATED CONJECTURE MAPS 
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APPENDIX H 

CODEBOOK 
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Title Description 

Level 1 Achievement 
(1) Routine comprehension, conceptual understanding, problem solving, 
including performing procedures, search in problem spaces, reasoning, 

planning, skill acquisition 

Conceptual 
Understanding 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Problem Solving- 
Performing Procedures 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Problem Solving- 
Planning 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Problem Solving- 
Reasoning 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Problem Solving- 
Search in problem 

spaces 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 



97 

Problem Solving-Skill 
acquisition 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Routine 
Comprehension 

• Conversational contributions, mutual attention, understanding propositions 
and reference 
 
• Conceptual common ground, patterns of reasoning in practice 
 
• Shared repertoire of schemata and procedures 

Level 2 Achievement (2) Emergent understanding 

Emergent 
Understanding 

• Negotiating different interpretations for mutual understanding 
 
• Problematizing, resolving, and positioning in interaction 
 
• Explaining 

Level 3 Achievement (3) Adopting tasks, expending effort toward accomplishing goals 

Adoption 
Practices that encourage problematizing and resolving and that position 

students in disciplinary discourse with competence, authority, and 
accountability in participation structures 

Expending Effort 
Practices that encourage problematizing and resolving and that position 

students in disciplinary discourse with competence, authority, and 
accountability in participation structures 

Level 4 Achievement 
(4) Conceptual growth, commitment to learning goals, sustained, persistent 

participation in learning practices 



98 

Commitment to 
Learning Goals 

• Changes in discourse practice; legitimate peripheral participation 
 
• Intellective identities regarding learning, academic learning, and learning in 
specific school subjects; positional identities in school and classrooms with 
mutual engagement and productive agency in relation to a community’s joint 
enterprise of learning 

Conceptual Growth 

• Changes in discourse practice; legitimate peripheral participation 
 
• Intellective identities regarding learning, academic learning, and learning in 
specific school subjects; positional identities in school and classrooms with 
mutual engagement and productive agency in relation to a community’s joint 
enterprise of learning 

Sustained, Persistent 
Participation in 
Learning Goals 

• Changes in discourse practice; legitimate peripheral participation 
 
• Intellective identities regarding learning, academic learning, and learning in 
specific school subjects; positional identities in school and classrooms with 
mutual engagement and productive agency in relation to a community’s joint 
enterprise of learning 

Explaining and 
Feedback 

 

Elaborated 
Explanations 

Epistemic complexity: 4= elaborated explanations 

Elaborated Facts Epistemic complexity: 3= elaborated facts 

Unelaborated Facts Epistemic complexity: 2= unelaborated facts 

Theorizing Topical 
Terms Only  

Epistemic complexity: 1= topical terms only 

Questioning  

Explanation-seeking Explanation-seeking: about reasons and mechanisms 

Fact-seeking Fact-seeking: about factual information and definitions 
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Idea-deepening 
Idea-deepening: searching for deeper understanding on the basis of the 
existing information 

Initial wondering Initial wondering: seeking general information about a topic 
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