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Abstract 

Background  The learning assistant (LA) model supports student success in undergraduate science courses; however, 
variation in outcomes has led to a call for more work investigating how the LA model is implemented. In this research, 
we used cultural historical activity theory (CHAT) to characterize how three different instructors set up LA-facilitated 
classrooms and how LAs’ understanding and development of their practices was shaped by the classroom activity. 
CHAT is a sociocultural framework that provides a structured approach to studying complex activity systems directed 
toward specific objects. It conceptualizes change within these systems as expansive learning, in which experiencing 
a contradiction leads to internalization and critical self-reflection, and then externalization and a search for solutions 
and change.

Results  Through analyzing two semi-structured retrospective interviews from three professors and eleven LAs, we 
found that how the LA model was implemented differed based on STEM instructors’ pedagogical practices and goals. 
Each instructor leveraged LA-facilitated interactions to further learning and tasked LAs with emotionally supporting 
students to grapple with content and confusions in a safe environment; however, all three had different rules and divi‑
sions of labor that were influenced by their perspectives on learning and their objects for the class. For LAs, we found 
that they had multiple, sometimes conflicting, motives that can be described as either practical, what they described 
as their day-to-day job, or sense-making, how they made sense of the reason for their work. How these motives were 
integrated/separated or aligned/misaligned with the collective course object influenced LAs’ learning in practice 
through either a mechanism of consonance or contradiction. We found that each LA developed unique practices 
that reciprocally shaped and were shaped by the activity system in which they worked.

Conclusions  This study helps bridge the bodies of research that focus on outcomes from the LA model and LA 
learning and development by describing how LA learning mechanisms are shaped by their context. We also show 
that variation in the LA model can be described both by classroom objects and by LAs’ development in dialogue 
with those objects. This work can be used to start to develop a deeper understanding of how students, instructors, 
and LAs experience the LA model.
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Introduction
The learning assistant (LA) model is a form of near-peer 
instruction in which undergraduate LAs facilitate stu-
dent learning in classes that they have taken previously 
(Otero et  al., 2006, 2010). Developed at the University 
of Colorado Boulder, the LA model has become wide-
spread in active learning STEM classes, with 587 institu-
tions currently involved in the LA Alliance, a community 
focused on improving undergraduate education through 
the implementation of LAs (LA Alliance, 2024). In addi-
tion to their practice in the STEM class, LAs also attend 
weekly preparation meetings with the instructional 
team and participate in a pedagogy course. These three 
components comprise the essential elements of the LA 
model, and they can be implemented flexibly to adapt to 
the local context. There is strong evidence that the imple-
mentation of LAs benefits student learning in STEM 
classes (Barrasso & Spilios, 2021), specifically students 
from marginalized groups (Sempértegui et al., 2022; Van 
Dusen & Nissen, 2020; Van Dusen et  al., 2016). How-
ever, it has also been found that there are discrepancies 
in outcomes for different introductory STEM courses, 
which have been hypothesized to be connected to differ-
ences in implementation (Alzen et al., 2018). Thus, there 
has been a call for more work investigating how the LA 
model is implemented. In this paper, we shed light on 
how instructor goals lead to differences in how LA-facil-
itated interactions are integrated in introductory STEM 
lectures and how LAs develop their practice. This will 
make a first contribution to explaining variation in stu-
dent outcomes from different implementations of the LA 
model by understanding how instructional choice shapes 
LAs’ motivations in interactions with students, and con-
sequently student learning from those interactions.

In the following sections, we review what is known 
about LA learning and development through being LAs 
in general and how each of the three essential elements 
of the LA model relates to LAs’ practices and their learn-
ing before we turn to cultural historical activity theory 
(CHAT) (Engeström, 1999, 2001; Kaptelinin & Nardi, 
2012) to guide our investigation of LA implementation in 
the context of different courses and LA learning in these 
contexts.

Literature review: learning assistants (LAs) 
and the essential elements of the LA model
Being an LA contributes to the personal and professional 
development of LAs. Through their work as LAs, LAs 
develop as teachers (Gray et  al., 2016), advance in their 
STEM knowledge and epistemology (Cao et  al., 2018; 
Lutz & Ríos, 2022; Otero et al., 2010; Price & Finkelstein, 
2008), develop a stronger sense of STEM professional 
identity (Close et al., 2016; Conn et al., 2014; Nadelson & 

Finnegan, 2014), and improve their metacognition (Bre-
land et al., 2023; Huvard et al., 2020). While these devel-
opments result from the interplay of LA learning through 
the pedagogy course, the instructional team meetings, 
and their practice in a STEM class, it is also important to 
understand for each essential element of the LA model 
how the element relates to the practices an LA engages in 
and what is known about learning through this element 
specifically.

The pedagogy course is the element of the LA model 
that introduces LAs to teaching and learning theory and 
thus grounds their practice theoretically. A common ver-
sion of the LA pedagogy course introduces LAs to strat-
egies that support four core ideas: (1) eliciting student 
ideas and supporting engagement of all group members, 
(2) listening to students and asking productive questions, 
(3) building relationships with students, and (4) integrat-
ing learning theories with effective practices (LA Alli-
ance, 2024). However, there is great variation within the 
pedagogy course, depending on what is seen as most rel-
evant for the context—for example, a pedagogy course for 
engineering LAs may focus on disciplinary-specific top-
ics like design thinking (Quan et al., 2017). Research on 
LA learning in the pedagogy course has largely focused 
on their pedagogy course reflections and has found that 
LAs integrate different topics they learn about into their 
reflections and their practice, such as valuing student 
ideas or disrupting status imbalances (Auby & Koretsky, 
2023; Koretsky, 2020; Top et al., 2018).

Preparation meetings include the learning assistants 
for a course, the faculty teaching the class, and any 
other team members involved in teaching the class such 
as graduate teaching assistants. In their meetings, the 
instructional team members reflect on previous classes 
and plan for future classes with respect to student expec-
tations, what they observe about student learning pro-
cesses, and disciplinary content (LA Alliance, 2024). 
During these meetings and more generally through their 
work together, LAs and faculty develop partnerships that 
can range from mentor–mentee relationships where fac-
ulty mostly mentor LAs for fulfilling their roles in class 
to collaborations where LAs are faculty consultants and 
co-design the class (Davenport et  al., 2017; Hamerski 
et al., 2021; Hill et al., 2023; Hite et al., 2021; Indukuri & 
Quan, 2022; Jardine, 2019, 2020; Sabella & Roberts, 2023; 
Sabella et al., 2016).

Practice is the element of the LA model that describes 
the implementation of LAs in STEM classes to support 
student learning, i.e., what our study is concerned with. 
LAs’ practice can vary widely, where they may interact 
with students in classes of different sizes, such as large-
lectures, small seminars, or discussion sections; work 
in lab settings; or be responsible for running their own 
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study sessions and office hours in addition to their direct 
support in the classroom setting. A common factor is 
that their role is to support student learning, and not to 
be an evaluator or grader (LA Alliance, 2024). LA sup-
port contributes to student retention in STEM majors 
and a decrease in drop/fail/withdraw rates in STEM 
courses (Alzen et al., 2017, 2018), specifically for students 
from marginalized groups (Sempértegui et al., 2022; Van 
Dusen & Nissen, 2020). These course outcomes are con-
nected to students’ improved conceptual understanding 
through LA support (Ferrari et  al., 2023; Herrera et  al., 
2018; Miller et al., 2013; Otero et al., 2006, 2010; Sellami 
et al., 2017; Talbot et al., 2015; Van Dusen & Nissen, 2017; 
Van Dusen et al., 2015, 2016; White et al., 2016) as well 
as LAs’ positive impact on student satisfaction, engage-
ment, and attitudes (Kiste et al., 2017; Schick, 2018; Tal-
bot et al., 2015; Thompson & Garik, 2015; Westine et al., 
2024). It is very clear that LAs not only help students 
with content learning but also increase students’ sense of 
belonging and disciplinary identity (Clements et al., 2022, 
2023; Goertzen et  al., 2013; Kornreich‐Leshem et  al., 
2022). In their practice, LAs create these positive impacts 
by taking on various roles in the classroom system and 
interacting with students in different ways. LAs create 
community, they serve as role models, they can gather 
important information for faculty to adjust instruction, 
and they interact with student groups on a much more 
regular and familiar basis than faculty (Clements et  al., 
2023; Hite et al., 2021; Jardine, 2019, 2020). Their inter-
actions with students include interaction on the concep-
tual and the socioemotional level (Hernandez et al., 2021; 
Karch et  al., 2024; Maggiore et  al., 2024; Westine et  al., 
2024). When LAs facilitate student learning on the con-
ceptual level, they focus on disciplinary ideas and inter-
act with students either in more LA-centered ways often 
focused on canonical correctness or in more student-
centered ways focused on student sense making (Bracho 
Perez & Coso Strong, 2023; Carlos et al., 2023; Karch & 
Caspari-Gnann, 2022; Knight et  al., 2013, 2015; Mag-
giore et  al., 2024; Pak et  al., 2018; Stuopis, 2023; Stuo-
pis & Wendell, 2023; Thompson, 2019; Thompson et al., 
2020; Wang et al., 2023). On top of the conceptual level, 
LAs engage in socioemotional actions such as validat-
ing student ideas, bringing additional students into the 
conversation, and communicating norms and values of 
the class (Hernandez et  al., 2021; Maggiore et  al., 2024; 
Westine et al., 2024). While this recent body of research 
has provided needed understanding of LAs’ practices, we 
do not know how the nature of the STEM classes they 
work in influences and shapes LAs’ development of these 
practices.

To investigate the connection between the ways dif-
ferent STEM classes are set up and how LAs in these 

different contexts develop different ways of practicing 
what it means to be an LA, we look at variation within 
a single setting: large lectures where the LA’s role is pri-
marily to interact with students during in-class active 
learning sessions. Our research is informed by CHAT, 
which helps us conceptualize the complex interplay of 
an LA’s practice within a larger classroom system and 
the learning that occurs through this interplay. CHAT 
is a sociocultural framework that provides a structured 
approach to studying complex systems, i.e., activity sys-
tems, and the processes of change and development that 
occur within these systems (Engeström, 1987, 2001). 
CHAT has previously been used to productively study 
topics such as learning assistants (Huvard et  al., 2020; 
Talbot et al., 2016), the complex dynamics of classroom 
systems (e.g., Hurt et  al., 2023; Patchen & Smithenry, 
2014; Talbot et  al., 2016) and how individuals within 
those system experience change and development (e.g., 
Caspari-Gnann & Sevian, 2022; Huvard et al., 2020; Keen 
& Sevian, 2022; Reinholz et al., 2021). By combining dif-
ferent theoretical constructs from CHAT, we can concep-
tualize the relationship between instructors’ goals, their 
classroom structure, and LA practice and development.

Theoretical framework: cultural historical activity theory
CHAT pays attention to work that occurs within socio-
cultural systems. In an activity system, human work 
toward a specific end is mediated by material and con-
ceptual tools and shaped by socially situated rules, divi-
sions of labor, and communities (Vygotsky, 1934/1987; 
Engeström, 1987, 2001). A key concept in CHAT is the 
notion of object. An object is what one is striving toward 
or working on within an activity system—the “ulti-
mate reason” for the activity and what a subject is try-
ing to achieve (Kaptelinin, 2005; Lazarou et  al., 2017). 
According to some activity theorists, objects are pri-
marily collective, and represent the thing being worked 
on and transformed into an outcome (Engeström, 1987; 
Kaptelinin, 2005); others use it to mean subjects’ true 
motive for an activity that arises from a need (Kaptelinin, 
2005; Val Aalsvoort, 2004). These perspectives differ 
based on whether the unit of analysis is a collective sys-
tem or individuals’ work within social systems (Cong-
Lem, 2022; Kaptelinin, 2005). In this paper, we use both 
perspectives complementarily. To illustrate, consider a 
science classroom where an instructor (subject) may have 
the motive that they want students to sense-make, based 
on their need to teach students science and what they 
believe teaching science means. Thus, they design their 
collective classroom system to have the object of “sense-
making.” Lessons integrate certain kinds of materials 
and problems (tools) that lead students toward sense-
making rather than rote memorization and support this 
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by following best practices for sense-making, such as 
encouraging groupwork (division of labor), not requir-
ing students to have the right answer during class (rule), 
and having facilitators such as LAs and TAs interact with 
students during sense-making sessions (community). 
Engaging in sense-making (object) may lead students to 
have deeper understanding of disciplinary concepts (out-
come). In this way, the motive sparks the object and the 
activity, the object directs how an activity system is set 
up, and the components of the activity system (tools, 
rules, divisions of labor) reciprocally shape how that 
object is achieved and what the outcome of the activity is.

Because activity systems occur in complex environ-
ments, an object-oriented activity may also be shaped by 
interacting systems—what is referred to as third-gener-
ation activity theory (Engeström, 2001). A third-gener-
ation activity system consists of two interacting systems 
that may have partially shared objects and contradict-
ing or aligning components. For example, the sense-
making activity we described above may describe the 
activity system of an individual instructor’s classroom. 
However, their class may occur in a department that 
devalues sense-making and prefers instructors to stick to 
traditional testing and lectures, because the department 
is evaluated based on standardized test results. In this 
case, the activity system of the department has a differ-
ent object (e.g., performance on an exam) and a different 
outcome (high test scores), which lead to it being sup-
ported by different tools, rules, and divisions of labor. At 
the same time, both the class and the department share 
an overarching object: learning science. Contradictions 
are not only experienced across activity systems but can 
also be experienced within a single activity system. These 
intra-system contradictions can be sources of change 
and development for actors within the systems and for 
structures themselves (Caspari-Gnann & Sevian, 2022; 
Engeström, 2001; Huvard et  al., 2020; Keen & Sevian, 
2022; Reinholz et  al., 2021). Engeström (1999, 2001) 
describes this development as “expansive learning,” in 
which experiencing a contradiction leads to internaliza-
tion and critical self-reflection, and then externalization 
and a search for solutions and change. This expansive 
learning then becomes integrated into and changes the 
activity system itself, for example, by creating new ways 
of working within the activity system such as new rules, 
tools, or actions (Caspari-Gnann & Sevian, 2022; Keen, 
2021) or expanding the object of the activity (Engeström, 
2001). With respect to LAs and other undergraduate 
mentor–teachers, Huvard and collaborators (2020) stud-
ied how contradictions led to expansive learning in LAs’ 
identity and metacognitive development. For example, 
many LAs experienced barriers and challenges that pre-
vented them from being able to fulfill something they saw 

as part of their role—common challenges included con-
tradictions between their division of labor around what 
they saw as their role and the conceptual tools they had 
available, such as familiarity with the content. To over-
come these challenges, the LAs had to develop meta-
cognitive awareness to identify the barriers and create 
new tools. This is an example of expansive learning and 
demonstrates how this can lead to growth of the indi-
vidual (metacognition) and transformations of the activ-
ity (introducing new tools, redefining roles). Important 
to note is that CHAT is a “living theory,” which can be 
used flexibly and creatively to investigate and explore sys-
tems (Kaptelinin, 2005; Kaptelinin & Nardi, 2018). The 
predominant theory referred to as activity theory has 
changed over time, with three of the most commonly 
referenced generations being: Vygotskian sociocultural 
theory, which studied the role of mediation by tools and 
signs; Leontievian CHAT, which focused on individu-
als’ subjective experiences within an activity directed 
by motives; and Engeströmian CHAT, which focuses on 
activities as collective systems grounded in historical 
practices (Cong-Lem, 2022; Kaptelinin, 2005; Kaptelinin 
& Nardi, 2012). Each of these approaches has advantages 
and drawbacks: while Leontievian CHAT allows us to 
understand how an individual’s work within a social sys-
tem is shaped by their motives and mediated by tools, it 
does not explicitly name the relevant pieces of the social 
system. Engeström’s CHAT makes those social aspects 
more explicit but has been critiqued for neglecting indi-
viduals’ transformation in favor of paying attention to the 
collective (Cong-Lem, 2022). These three approaches, 
which developed from each other, can be complementary 
(Kaptelinin & Nardi, 2012).

In our study, we are interested in understanding dif-
ferent ways the LA model can be implemented and how 
LAs learn to practice within different systems. We thus 
attend to two levels. First, the collective activity systems 
of three introductory, large lecture science courses that 
have active learning sessions facilitated by LAs, to under-
stand differences in how instructors design and imple-
ment the LA model. Second, subjective experiences of 
individual LAs who experience change and develop-
ment as a result of participating in those collective activ-
ity systems. Thus, we use different concepts from both 
Engeström and Leontiev as complementary approaches 
to explore our system at different levels. This theoretical 
work was developed in tandem with our detailed analy-
sis, in which salient aspects of our findings were not suf-
ficiently captured by a single version of CHAT but rather 
required different perspectives (see Fig. 1).

To characterize the collective activity systems of LA-
supported classes and to make them comparable, we use 
third-generation activity theory. Based on our analysis, 
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we found it was most fruitful to describe the LA-sup-
ported class through the concepts of central and neigh-
boring activities (Engeström, 1987). Neighbor activities 
provide and shape components of the central activity. In 
our analysis, LA-facilitated small group discussions (SG) 
served as neighboring activities, which fed into and sup-
ported the central activity, which is the whole class (WC) 
as planned and facilitated by the professor (Fig.  1). For 
example, the SG produced tools for the central activity, 
but also consisted of communities governed by distinct 
rules and divisions of labor. The concepts of neighboring 
and central activities allow us to understand both what 
specifically happens in activities where the LA is a key 
subject (the neighboring activity), as well as how that 
activity is leveraged by the professor (the central activ-
ity), while acknowledging that these systems are deeply 
related and not separate.

To characterize LAs’ learning in practice, we use Leon-
tievian and Engeströmian CHAT as complementary 
approaches. We understand learning in practice as LAs’ 
process of learning through engaging in classroom facili-
tation. We investigate LAs’ learning in practice to under-
stand how their learning about what it means to be an LA 
and how they carry out that role shapes and is recipro-
cally shaped by the activity system in which they work. 
To do so, we pay attention to how LAs in different con-
texts develop different ways of practicing what it means 
to be an LA; how LAs conceptualize their motives for the 
activity systems they participate in and how this concep-
tualization differs from or align with how professors con-
ceptualize the activity system; and how these differences 
and alignments lead to LAs experiencing contradictions 
and expansive learning. To do so, we draw on concepts 
from both Engeströmian and Leontievian activity theory, 
to understand how LAs’ engagement in the collective 

activity and what contradictions may result from that 
engagement (Engeström, 1987), as well as LAs’ motives 
that initiate how they engage with the collective object 
(Van Aalsvoort, 2004). Following Kaptelinin’s (2005) 
work on Leontievian CHAT, we specifically conceptual-
ize LAs’ practice as multi-motivational (Fig. 1). Accord-
ing to Kaptelinin, activities can be shaped by multiple 
motives—for LAs, for example, this could be “helping 
students learn science” and “getting paid.” These motives 
are directed toward a singular object, which “gives the 
activity structure and direction, […and which] is coop-
eratively determined by all effective motives” (Kaptelinin, 
2005, p. 17). Their learning in practice and engagement in 
the collective activity is structured by how they negoti-
ate and reconcile their multiple motives and consequent 
practice within the larger social context.

To explore these complexities, we pose two research 
questions:

•	 RQ1. How are LA-facilitated interactions integrated 
into introductory STEM lectures, and how is this 
integration mediated by LAs?

•	 RQ2. How do LAs understand and negotiate different 
motives for their practice, and how does this lead to 
their learning in practice?

Methodology
Multiple case study design
We followed an embedded multiple case study design 
(Yin, 2018). Each case was a single classroom that utilized 
the LA model (focus of RQ1). The embedded subunits 
were individual learning assistants (focus of RQ2). The 
three case study classrooms for our study were drawn 
from a larger data corpus that encompassed 4 semesters 
worth of data (fall 2020—spring 2022) collected from 12 

Fig. 1  Representation of our use of CHAT in this study. The small group interactions (SG) are conceptualized as a neighboring activity excited 
by the motives of the LAs, which support and feed into the central activity of the LA-facilitated whole course (WC). Here the neighboring activity 
is pictured as a tool-producing activity; however, our analysis is not limited to this single kind of connection
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introductory chemistry and physics courses at two insti-
tutions. 5 of these classes were taught in-person, 6 were 
taught remotely, and 1 was a synchronous hybrid course. 
In prior studies, we used data from this larger corpus to 
study LA facilitation practices, student in-the-moment 
learning in LA-facilitated courses, and the impact of LA 
facilitation on student in-the-moment learning (Carlos 
et al., 2023; Karch et al., 2024; Maggiore et al., 2024).

The case study classes were selected based on two 
criteria: first, we selected in-person rather than virtual 
courses, because the virtual courses we collected data 
from were taught during emergency COVID remote 
instruction and may be less generally applicable to the LA 
community. Second, we selected courses where the pro-
fessor had previously taught with learning assistants for 
at least one semester and had previously taught the class 
in question. We did this because these instructors’ prac-
tices with regards to LAs had stabilized more than oth-
ers in our data corpus who were learning to teach with 
LAs for the first time. This led to three classes being eli-
gible for inclusion in the study at hand. These three cases 
were representative of our data collection context, which 
included two institutions and two disciplinary contexts, 
i.e., chemistry and physics. They also represented the 
range of ways instructors ran their courses, from primar-
ily lecturing with intermittent problem-solving sessions 
to primarily problem-solving with very little or no formal 
lecturing.

Description of cases
All three cases were introductory, large enrollment 
undergraduate STEM courses that utilized active learn-
ing and primarily served non-major students. In addi-
tion, all courses had other LAs and/or graduate TAs who 
did not participate in the study. To avoid identifying our 
participants, demographic information is not shared.

Chemistry A, taught by Prof. Beaker, was a General 
Chemistry 2 (GC2) class in fall 2021 at a highly diverse 
public R2 institution in the northeastern United States 
with approximately 175 students and 2 participating LAs. 
Prof. Beaker taught with Chemical Thinking, a reformed 
curriculum that emphasizes developing chemistry ways 
of thinking over memorizing and applying facts and 
equations (Talanquer & Pollard, 2010). In addition, we 
drew insights from interviews during a second semester 
of data collection for Prof. Beaker (GC 1 in Spring 2022), 
also taught with Chemical Thinking. Prof. Beaker taught 
with a semi-flipped model, where approximately 2/3 of 
class time was dedicated to delivering content and 1/3 
was dedicated to problem solving. While students were 
asked to read Chemical Thinking as an interactive, online 
textbook before coming to class, Prof. Beaker made sure 

to not rely on student reading alone but also deliver the 
content in a lecture format.

Chemistry B, taught by Prof. Lemur, was a GC2 class 
in fall 2021 taught at an R1, predominantly white pri-
vate institution in the northeastern United States with 
approximately 135 students and 5 participating LAs. Prof. 
Lemur also taught with Chemical Thinking and addition-
ally placed an emphasis on what she called equitable 
chemical practices, for example, asking students explic-
itly to consider different alternatives within a problem 
space brought in by different student group members. 
Prof. Lemur taught with a primarily flipped model, where 
the majority of class time was dedicated to problem solv-
ing (within groups and as a whole class), and students 
were expected to read Chemical Thinking as an interac-
tive, online textbook before coming to class.

Physics, taught by Prof. Vishnu, was a Physics 1 class 
taught at the same institution as Chemistry B. Data were 
collected from 2 sections of this course, which were col-
lapsed into one for the sake of data analysis, as they were 
set up and taught in the same way. Each section served 
approximately 90 students, and 2 LAs per section partici-
pated in the study. Although Prof. Vishnu did not use a 
particular reformed curriculum, his instructional model 
was based on responsive teaching (Hammer et al., 2012). 
Prof. Vishnu also taught with a primarily flipped model.

Data sources and recruitment
Several forms of data were triangulated for this embed-
ded multiple case study (Yin, 2018). Data were collected 
three times per semester. During data collection, LAs 
wore body harnesses and recorded interactions with con-
sented students from their own perspectives using their 
cell phone cameras. We video recorded the entire class 
using standard classroom recording technology, e.g., 
Echo360 or Zoom (depending on the professor’s prefer-
ence). The first author attended all data collections and 
took informal field notes about salient events during 
class, as well as debriefed with all LAs and instructors 
after each class. After each data collection, all LAs, the 
professor, and a select number of student groups partici-
pated in semi-structured video-stimulated recall inter-
views that lasted no longer than 90 min. The first author 
provided the interview team (undergraduate and gradu-
ate research assistants, including the second author) with 
relevant field notes, so they could follow up on specific 
salient moments in addition to the standard interview 
protocol. In addition, we gathered instructional artifacts 
such as the instructors’ slides and/or lecture notes after 
each class.

The primary data source used for analysis were the pro-
fessor and LA interviews. During interviews, participants 
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watched up to three clips of small-group interactions 
they had been involved in (or in the case of the instruc-
tor, de-identified clips from selected LAs, such that they 
saw each LA at least once over the semester). They then 
answered a series of questions probing what happened, 
e.g., what they thought students learned, expectations for 
the interaction, and the rules that governed what they or 
others in the class were and were not allowed to do (see 
Table 1 for the professor protocol; the LA protocol was 
previously published in Carlos et  al., 2023). Professors 
also watched clips of the whole class immediately follow-
ing each small group interaction and were asked about 
how the two clips related to each other.

To recruit participating instructors, we sent invitations 
to all instructors teaching with LAs in the two institu-
tions. To recruit LAs, we worked with the instructors to 
identify LAs who would be good candidates for partici-
pation in the study and sent them email invitations. Each 
participating LA was offered a $500 stipend. To recruit 
students, we announced the study in lecture and via their 
course management system. For participating in the 
study, students received either a $10 stipend or a small 

amount of extra credit, maximum 2% of their final course 
grade. These stipends, which were budgeted into the pro-
ject’s NSF grant, not only served as an incentive and an 
expression of gratitude for their time, but also helped 
emphasize how serious the commitment was. Participat-
ing LAs recorded interactions on their own phones and 
needed to delete them as soon as they were transferred 
to the research team; being paid a significant amount for 
taking over this responsibility incentivized compliance 
with IRB regulations. All data have been de-identified 
and are presented with pseudonyms. IRB approval was 
received at both participating institutions.

Data analysis
Our analysis focused on activities from two perspec-
tives: characterizing the collective classroom activity sys-
tem, in which multiple subjects worked toward an object 
and were governed by different rules and divisions of 
labor and which included both neighboring and central 
activities (Engeström, 1987); and uncovering individual 
subjects’ understandings of the neighboring and central 
activity, which was mediated by their position within the 

Table 1  Semi-structured interview protocol for professor interviews

Note. When professors had already been interviewed before, the beginning questions about overall purposes and rules would be tailored so that they followed up on 
what the interviewer had learned in previous interviews. Instructions of when to ask questions are inserted in italics. All interview questions were meant to elicit the 
professors’ perspective on the activity system

Purpose of interview portion Example questions

Ask at the beginning of the interview about the lecture as a whole

Open beginning How did lecture go?
What stood out to you about it?

Professor’s overall purpose What was the purpose of this lecture?

Professor’s general rules and perceptions of division of labor What expectations did you communicate to the LAs and the students 
about their interactions with each other?
What was your, the students’, and the LAs’ role during this lecture?

Show slide with problem that the LAs worked on during this lecture, repeat for each problem we are showing a clip for

Professors’ specific purpose Why did the students work on this problem; what was the purpose?

Professors’ perception of the integration of this interaction into the whole 
class

What do you see as the purpose of LA–student interactions for this prob‑
lem in the moment of the interaction and for the entire lecture?

Show an example LA–student interaction for this problem, repeat for up to 3 clips

Comparing professors’ expectations for in-the-moment learning to video 
clip

How does student learning in the video clip compare to your expectations?

Comparing professors’ rules to video clip and contradictions How does the way that the LA and the students interact compare to your 
expectations?
Do you think the LAs knew what your expectations were?
(Possible follow-up: Where from?)

Show post interaction clip for that problem where professor is debriefing during the WCD

Comparing professors’ activity systems for the SG and the WCD Let’s connect these SG interactions a little bit to the broader picture 
of the lecture, how do you use the SG phase for leading the whole class 
discussion after?
Show “WCD video”
Seeing this video and having seen their SG discussion prior, what func‑
tion do you think the SG phase had for this group’s learning compared 
to the WCD?
Anything else you wanted to share?
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classroom, their prior histories, and which could con-
tradict with the collective activity (Carvalho et al., 2015; 
Kaptelinin, 2005). Thus, in our analysis, to develop the 
collective systems that describe each classroom case, we 
first developed individual systems that addressed each 
individual’s experience of the activity (see Fig. 2 for flow 
chart of analysis).

To characterize the activity system from each partici-
pant’s point of view, we followed a multi-stage proce-
dure. In stage 1, we analyzed 2 out of 3 interviews for all 
LAs (n = 11) and professors (n = 3), in order to maximize 
diversity of experiences amongst the dataset while bal-
ancing both feasibility of analysis and what was needed 
for saturation. The interviews were selected based on 
density of information (evaluated from field notes) and 
representativeness of the participants’ practice. We prior-
itized interviews from later in the semester when partici-
pants’ practice had stabilized. Insights from the interview 

we did not formally analyze were used to support inter-
pretation of the codes.

We analyzed each interview in NVivo using directed 
content analysis (Hsieh & Shannon, 2005; Patchen & 
Smithenry, 2014). Each code we developed captured 
three pieces of information: (1) the CHAT compo-
nent (e.g., subject, tool, etc.), (2) which activity the code 
belonged to (the neighboring small group—SG— or cen-
tral whole class—WC—activity), and (3) an inductive 
description of the code. An example of one such code 
is “Division of Labor (DoL) SG-LA’s role is to encour-
age students to work together.” After first-level coding 
for both interviews, we used NVivo to combine similar 
codes to reduce the total number of codes and to iden-
tify commonalities across both transcripts. An example 
of a combined code is “Tool SG- different ideas that they 
can build on, including from outside of class and that 
may or may not be relevant,” which was developed from 

Fig. 2  Description of the three stages of our analysis
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consolidating “Tool SG- content knowledge that may or 
may not be relevant” AND “Tool SG- different ideas that 
they can build on.”

In Stage 2, we constructed individuals’ perspectives of 
the activity systems using coding tables. During coding, 
we found that individual subjects sometimes described 
multiple, conflicting motives that would be supported 
by different rules or divisions of labor. To capture these 
nuances, the coding tables were organized around each 
motive we identified for a participant and the compo-
nents that mediated each motive, some of which were 
the same across motives and some of which were differ-
ent. These tables were organized, such that a row cor-
responded to a motive, and each column was a different 
CHAT component (tools, rules, division of labor, out-
come) that supported that motive.

To identify which components belonged to which 
motives, we read the coded interview transcripts in 
NVivo using the coding stripes feature. We read the 
interview from top to bottom, populating the coding 
table with codes from the coding stripes. Participants 
often brought up several CHAT components, either 
within the same utterance, or within proximity to each 
other in the conversation while discussing the same phe-
nomenon (e.g., there were sections of the transcript that 
were double or triple coded). This was evidence that the 
participant saw these ideas as related to each other. Thus, 
we organized them within the same row of the table. In 
addition, if the participant later discussed one of these 
components in relation to different ideas, we decided 
whether they belonged to the same motive (same row), 
a different motive (different row), or both, relying on the 
context of the conversation. As the conversation went 
on, we continued to add to these rows as the participant 
expanded on their thinking. We then analyzed the par-
ticipant’s second transcript in the same way, adding addi-
tional codes to the same coding table. The product of this 
process was two coding tables for each participant, one 
that represented their experience of the neighboring SG 
activity system and one that represented their experience 
of the central WC activity system, each of which included 
multiple motives and the various rules, divisions of labor, 
communities, and tools that mediated their work toward 
these motives and the outcomes of each object-related 
activity. When an interaction was coded by multiple peo-
ple (see trustworthiness procedures below), each person 
compared their own coding tables and discussed them to 
consensus. The tables characterizing the individual LAs’ 
perspectives on their activity, and the contradictions that 
resulted when we looked across rows, were key for our 
interpretations toward RQ2.

Finally, we constructed the class-level activity systems, 
which focused on the class as designed. For these, we 

relied on the analysis of the professor interviews as our 
primary data source, supported by the LA interviews as 
members of the instructional team.

For the professors, we did a third stage of analysis. 
We transformed each coding table into a narrative thick 
description that captured each professor’s perspective 
on their class and the tensions and contradictions they 
navigated in their practice (Ponterotto, 2006). These nar-
ratives helped us understand the collective activity in 
practice by contextualizing the activity theory compo-
nents. Each narrative had three sections, focusing on the 
neighboring system, the central system, and how neigh-
boring activities were integrated into the central activity. 
These narratives were key for our interpretations toward 
RQ1.

In addition to the interviews, we triangulated other 
forms of data for our interpretations toward RQ1 and 
RQ2 (Yin, 2018). These data included recordings of small 
group interactions and whole class discussion, instruc-
tors’ slides and/or lecture notes, informal observation 
notes taken during class or debrief sessions with the 
instructional team that noted salient moments to follow 
up on during interviews, researcher memos, semi-struc-
tured video-stimulated recall interviews with the student 
groups, member checking discussions with the professors 
(described below), and other semesters of data collection 
from the same instructors. Although these were not part 
of our formal analysis, these other forms of data helped 
us become immersed within the context of a classroom 
to gain a more holistic understanding of each case.

Trustworthiness and consensus processes
We had three main mechanisms for establishing trust-
worthiness: researcher reflexivity facilitated through our 
research team’s multiple forms of membership; collabo-
rative coding; and member checking (Creswell & Miller, 
2000).

With regard to multiple forms of membership, each 
author brought insider–outsider positionalities that 
influenced their interpretation of the data, and which 
allowed us to iterate between theory and practice. JMK 
(Author 1) is a postdoctoral scholar, who led the inter-
view team and previously taught with LAs. They had 
a personal relationship with all the professor partici-
pants that laid a foundation of trust during interviews 
and brought an epistemological perspective closer to 
those of the instructor participants when analyzing data. 
SM (Author 2) was an undergraduate researcher who 
had also been a student in previous iterations of two of 
the case study classrooms and had participated in the 
research study as a student participant prior to joining 
the research team. She conducted interviews with stu-
dents and LAs and worked as an LA while engaged with 
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data analysis. In analysis, she brought a deep insider per-
spective and her own lived experience that she leveraged 
to interpret student and LA experiences and motivations. 
MPK (Author 3) was an undergraduate researcher who 
conducted professor, LA, and student interviews during 
previous iterations of the case study. He also engaged in 
data analysis and conceptualization of the study. In analy-
sis, he worked closely with activity theory and brought 
perspectives from his training in both physics and com-
munity health to bring multiple disciplinary perspectives 
to the data and leveraged his student status to attend 
closely to the particularities of participants’ lived experi-
ences. His interview memos about Prof. Vishnu’s practice 
from earlier data collection periods were used to shape 
the interview protocol for the case study semester. ICG 
(corresponding author) is a faculty member who teaches 
with learning assistants. To not risk disclosing the iden-
tity of any of the research participants, we refrain from 
giving more details about her positionality. These differ-
ent perspectives meant that we had different affinities 
toward and interpretations of the data.

Reconciling these positionalities and interpretations 
played out in two ways. First, we did collaborative cod-
ing on a large portion of our data, particularly in early 
stages. JMK and SM extensively discussed their interpre-
tation of all three professors and 1 LA per class and col-
laboratively constructed narratives. This was additionally 
supported by triangulation with SM’s analysis of one stu-
dent interview per class for her independent study. JMK 
then took these discussions to analyze the rest of the LAs 
independently, and then collaboratively coded 4 of them 
with ICG. This formal collaborative coding, and ongo-
ing discussions and negotiations of perspectives, helped 
us stay closer to the participants’ original intention by 
bringing together multiple lenses on their practice. Spe-
cifically, the undergraduate authors’ perspectives, which 
were closer to the student and LA perspectives, helped 
the more senior authors check their assumptions about 
what types of activity were valuable within the system 
and to ensure that we were not taking the professors’ per-
spectives as the “ultimate truth,” but rather privileging 
student and LA experiences within the collective system 
at the same level.

Finally, we engaged in formal and informal member 
checking with the professor participants. For the formal 
member checking process, we sent each professor two 
documents: their narrative summary, and a document 
with excerpts from interviews with their LA[s]. For the 
narrative, we asked if our summary accurately captured 
their experience. Two of the professors agreed entirely 
with our interpretations. For the third professor, this 
process taught us more about the relative importance 
and connections of different components of his activity 

system, and we adjusted his narrative accordingly. For 
the LA excerpts, we asked how what the LA described in 
their interview aligns with their expectations, where they 
thought the LA may have learned that, whether there was 
anything surprising, and whether the LA “went beyond” 
what they expected or taught them to do. This helped us 
understand in what ways the LA’s practice was unique 
compared to what they were taught to do by the instruc-
tor. Since contradictions between LA motives and the 
collective activity system were much easier to identify, 
we specifically selected excerpts from LA interviews that 
we thought aligned with the professor’s understanding 
of the collective activity system to understand whether 
these represented unique components (e.g., evidence of 
expansive learning through changing the activity system) 
or not. The instructors’ comments were then integrated 
as data sources to support our analysis. For the infor-
mal member checking process, Prof. Vishnu and Prof. 
Lemur both participated in several coding meetings over 
the period of one year, where they weighed in with their 
interpretations of the data. These were integrated into 
our interpretations of the data as well as the development 
of our coding scheme.

Findings
The goal of this study was to explore different ways the 
LA model is implemented, and how operating within 
these activity systems shapes LAs’ learning in prac-
tice. We found that a careful analysis of the differences 
between different LA-facilitated courses was crucial 
to understand how LAs learned during their practice. 
We have three major findings: (1) how instructors inte-
grate LA-facilitated interactions in introductory STEM 
courses varies greatly and depends on what they see as 
the reason for their class, i.e., the central activity’s object; 
(2) LAs often have multiple motives for their SG interac-
tions, one related to the central activity and one related 
to their prior histories, and these can be integrated or 
separated and can align or misalign with the objects of 
the collective activity; and (3) this integration/separa-
tion and alignment/misalignment can lead to LAs learn-
ing through mechanisms of either contradiction or 
consonance.

Integration of LA‑facilitated interactions in introductory 
STEM courses
Our first research question sought to understand diver-
sity in the ways the LA model is implemented by attend-
ing to how LA-facilitated interactions are integrated into 
introductory large-lecture STEM courses, and in what 
ways (if any) LAs mediate how these neighboring activi-
ties are integrated into the central activity. These activity 
systems are deeply complex, with many rules that govern 
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different aspects of student–instructor interactions, and 
different roles students and LAs play. The following find-
ings section summarizes the most salient aspects of the 
three cases’ activity systems, and then compares them to 
characterize more general aspects of the LA model.

In Chemistry A, (see Fig. 3) Prof. Beaker saw LA-facil-
itated SG interactions as opportunities for students to 
“discover for themselves and think about [chemical con-
cepts] for themselves” (Prof. Beaker) in a safe learning 
environment that would bolster their confidence with 
chemistry. This object was supported by the dual roles 
of the LAs in these interactions, which were to push stu-
dents to think in the canonically correct direction while 
simultaneously emotionally supporting students to stay 
engaged even when they feel frustrated. When doing so, 
LAs experienced a tension between contradicting rules 
that they should be present when students need help 
and that “hovering over their shoulder […] make[s] the 
students feel awkward” (LA Mango). LAs Shruthi and 
Mango had different approaches to deal with this con-
tradiction, sometimes sitting in one spot and letting stu-
dents come to them, sometimes only approaching groups 
when called over, and sometimes actively seeking out stu-
dents who look confused. The important rule for LA–stu-
dent interactions was that LAs should be led by what the 
students needed most support in and support them as 
content experts. This was mediated by the relationships 
LAs had formed with students; LAs ran study sessions 
for students outside of class time, and typically the same 

students would go to the same LAs’ study session. These 
relationships often carried over to class and influenced 
which students sought out which LAs. Prof. Beaker espe-
cially valued when LAs guided students toward think-
ing about the problem and developing stronger content 
knowledge, without providing a direct explanation or giv-
ing them the answer.

When leading class after small group discussions, 
Prof. Beaker built on the work students had done in 
thinking through the concepts and debriefed the class 
on the correct answer, in line with his stated role as the 
one responsible for overseeing the material. Typically, 
this role was enacted as a lecture, where he delivered 
a pre-planned explanation. Sometimes, if he heard 
similar confusions from enough students as he was cir-
cling around during the SG discussions, he addressed 
those questions or solicited additional questions from 
students. During this phase, LAs were allowed to use 
their best judgement to continue individual conversa-
tions with students, if they believed that would be more 
helpful for that individual student—a role that aligned 
with their work during the neighboring SG activity. 
Ultimately, Prof. Beaker wanted to ensure that students 
understood the concepts as best as possible, and so he 
preferred the LAs to keep explaining to the students 
if they had a better understanding of what that spe-
cific student’s confusion was. In this way, small group 
interaction served as a preparatory period in which 
students got their specific questions answered by the 

Fig. 3  Collective activity system (SG on the left, WC on the right) in Prof. Beaker’s class. The brown curved arrow represents how the SG 
serves as a tool-producing activity for the WC. The straight brown and blue arrows represent how the SG (brown) and WC (blue) contribute 
toward the same overarching outcome
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LA, so that they could better pay attention and match 
what they understood to the professor’s demonstrated 
solution, in order to develop their chemical content 
understanding—e.g., the neighboring activity was a 
tool-producing activity. Both the neighboring and cen-
tral activities were guided by objects intended to help 
students develop understanding of chemical concepts.

In Chemistry B, (Fig.  4) Prof. Lemur saw SG interac-
tions as an opportunity for students to refine their own 
thinking, which they could bring to the WC, when mul-
tiple groups reported out their ideas. LAs stayed with a 
group during the entire SG period, and their role was to 
help ensure the students had high quality conversations 
about the content and to help make connections between 
different students’ reasoning. The LAs were explic-
itly coached by Prof. Lemur not to direct the students 
toward the “correct” answer as they were not allowed to 
impose their thinking on students. Prof. Lemur was wor-
ried that this would take away students’ agency in their 
learning and lead them to internalize that SG interac-
tions were about solving the problem rather than col-
laborative sense making. Instead, the professor designed 
the problems such that there were extra questions or 
pieces of information on the slide, to serve as a proxy for 
the professor’s authority and give the LAs and students 
something to refer to. This was meant to mitigate the LAs 
feeling like they needed to act as a content authority in 
the moment of interaction by giving them an anchor they 
could refer to. In addition, LAs and students worked in 
mostly the same groups all semester, and LAs attended to 
the groups’ social dynamics and helped foster equitable 
interactions between students.

During the WC following small group interactions, 
Prof. Lemur rephrased the ideas students shared out not 
only to make sure she and the rest of the class understood 
them, but also to make core parts of student thinking 
more explicit, often with drawings and through com-
parisons to her own thinking. She sometimes directed 
the flow of the conversation by strategically calling on 
students who she thought would contribute diverse ways 
of thinking including but not limited to the correct per-
spective. This allowed her to simultaneously develop the 
canonically correct solution using student ideas while 
eliciting and comparing student diverse ways of think-
ing, which also enabled students to participate in a larger 
community during WC and hear ideas beyond their small 
discussion groups. In this way, the SG was tool-produc-
ing for the WC. She also saw the relationship between 
SG and WC as reciprocal, as she believed the WC guided 
what happened in the SG interactions over the course of 
the semester. For example, during discussions in WC, 
Prof. Lemur modeled how to consider and “give justice 
to different thoughts” (Prof. Lemur). This modeling then 
influenced how students interacted with and considered 
others’ ideas in SG—i.e., the central activity also provided 
tools for use in the neighboring activity. Interestingly, 
Prof. Lemur did not do this modeling intentionally—she 
only realized it was influencing students’ practices after 
watching videos of student interactions during her inter-
views as part of this study. One LA (Ayaoba), however, 
did perceive this as modeling and enacted it in her own 
practice intentionally, which will be discussed in more 
detail in the following section.

Fig. 4  Professor Lemur’s activity system (SG on the left, WC on the right). The brown arrow represents how the SG serves as a tool-producing 
activity for the WC. The blue arrow represents how the DoL in the WC produces tools for the SG
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In Physics, (Fig. 5) Prof. Vishnu saw the SG and the WC 
as deeply intertwined, directed toward the same over-
arching object of developing scientific practices which 
would help students shift their idea about what it means 
to do science away from memorization of content. The 
SG interactions served as a space for the students to 
grapple with confusions in a safe and comfortable envi-
ronment; establish continuity across different problems 
and scenarios; and grapple with the practices of science, 
with content-specific objectives present but secondary. 
He saw grappling with the practices of science as impor-
tant for students to advance their understanding of con-
tent and was more interested in how students progressed 
their understanding through confusions and sense mak-
ing than in ensuring students always got the right answer. 
Similar to Chemistry B, the LAs’ primary role during SG 
was to help facilitate discussion, including jumpstarting 
it when it died down and attending to students’ social 
dynamics and emotions. They also enforced the object of 
the central activity by reframing confusions to be a posi-
tive experience and helping students grapple with confu-
sions productively. Students worked with the same group 
and LA for the whole semester, so they could get to know 
each other, build relationships, and establish distinct and 
trusting communities within the SG.

Student ideas developed as outcomes of these interac-
tions were the primary tools in the WC. Prof. Vishnu saw 
his role while debriefing collectively to “sort of coordinate 

what the students are saying as a whole and allow that to 
shape the learning experience and learning environment” 
(Prof Vishnu). He often felt challenged by the work of 
coordinating and making sense of student ideas and wor-
ried about “cherry-picking” ideas to develop a story con-
sistent with his way of thinking, because he saw student 
ideas that were inconsistent with the canon as learning 
opportunities. This aligned with the objects for both the 
central and neighboring activities, which were primarily 
to develop scientific practices. To support this in the WC, 
he tried to encourage students emotionally by validating 
and normalizing progress and changes in thinking. LAs 
played a background role in the WC by encouraging stu-
dents (during their SG discussion) to develop and share 
out their ideas, tracking who participated and through 
what modality (e.g., vocally or through a digital polling 
platform), and debriefing after class about how student 
participation during the WC went. In this way, the SG 
served as a tool-producing activity for the WC.

The LAs in all three courses played two core roles to 
mediate the integration of the neighboring small group 
activity into the central activity, which were enacted 
differently based on the dynamics and priorities of 
the rest of the activity system. First, they emotionally 
supported students to grapple with content and confu-
sions in a safe environment. In Prof. Beaker’s class, the 
LAs did so by providing a sense of safety through their 
presence, e.g., so that the students could rely on the LA 

Fig. 5  Professor Vishnu’s activity system (SG on the left, WC on the right). The brown curved arrow represents how the SG served 
as a tool-producing activity for the WC. The straight blue and brown arrows show how the SG and WC have a shared object, developing practices 
of science that leads to a shared outcome
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to direct them as they navigated new understandings. 
They also did so by respecting students’ space, only 
entering conversations when they were needed. This 
aligned with the central activity’s object of supporting 
students’ individual needs and learning trajectories. In 
Prof. Lemur’s and Prof. Vishnu’s classes, the LAs did 
so primarily by supporting the student groups to work 
together in an equitable way, to make sure that feeling 
of safety came from within the students’ groups. This 
aligned with the broader goals of developing epistemic 
agency within a group. Second, the LAs supported 
the students to feel prepared for learning in the whole 
class. In Prof. Beaker’s class, the LAs did so by help-
ing the students resolve their confusions, so they could 
better follow along with Prof. Beaker’s explanation and 
not feel lost as class went on. The LAs also did so by 
answering students’ questions one-on-one during pro-
fessor explanations in the whole class, if they thought 
that their explanation would help the students grasp 
the content better than the professor’s explanation. 
In Prof. Lemur’s and Prof. Vishnu’s classes, the LAs 
supported learning by helping students to refine their 
ideas and gain confidence to participate during whole 
class discussions. LAs were encouraged to share out 
ideas they heard from their student groups to contrib-
ute to the collective whole class discussion.

Ultimately, we found that the rules that governed 
the activity system, and in particular the LA’s role and 
moves within the activity system, were deeply related 
to the instructor’s priorities and perspectives on learn-
ing. What the instructor valued, how they modeled 

interacting with students, and how they coached LAs 
to interact with students shaped how the LAs worked 
in each space. For each class, the LAs’ primary role 
was to support students. However, what that meant 
and how LAs achieved their role differed depending on 
the features of each class.

Practical and sense‑making motives: how do LAs 
understand their role?
Our second research question asked how LAs under-
stand and negotiate different motives for their practice. 
In this section of the findings, we will attend to LAs’ 
motives and how they related to the class activity system 
LAs worked in before we turn to LA learning in practice 
in the final section.

An analysis of motives arose out of a conflict we found 
in the data. When we tried to analyze for object, we had 
difficulty identifying one singular “true reason” for the 
activity from the LAs’ perspectives. Rather, they often 
had multiple motives for their activities, which were 
sparked by different needs. Most commonly, we found 
LAs had two motives: practical motives, i.e., what the 
LAs’ saw as their day-to-day activity and which were 
sparked by the need to do the work set out by their 
supervising instructor; and sense-making motives, 
i.e., what they saw as the underlying motivation for the 
activity and which were sparked by their own deeply 
held beliefs about learning developed throughout their 
schooling. Practical motives included facilitating discus-
sion or helping students solve problems and were often 
supported with explicitly communicated classroom rules 

Table 2  Learning assistants’ primary practical and sense-making motives for the small group neighboring activity

Learning assistant Primary practical motive Primary sense-making motive

Chemistry A

LA Shruthi Students solve the problem Students refine and test their conceptual understanding

LA Mango Students solve the problem Students practice applying knowledge from class

Chemistry B

LA Maria Students work collaboratively to explain their reasoning to each 
other and come up with potential answers to the question

Students develop conceptual understanding

LA Rain Students solve and reason about the problem Students solidify and practice their conceptual understanding

LA Cosog Students apply reasoning in a new context Students develop conceptual understanding

LA Ayaoba Students share and listen to each other’s thoughts and confu‑
sions

Students refine their own chemical thinking collaboratively

LA Jennie Students sense make about the problem Students get their minds thinking scientifically

Physics

LA Shin Students discuss collectively and productively as a group 
to understand each others’ reasoning

Students apply knowledge from pre-lecture to learn funda‑
mental physics ideas

LA Physics Students engage in a productive discussion Students develop conceptual understanding

LA Capen Students collectively discuss thought processes Students engage in scientific sense making

LA Haseen Students engage in a productive discussion Students deeply explore ideas



Page 15 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 	

and divisions of labor. Sense-making motives, on the 
other hand, were motivated by how the LAs made sense 
of their classroom activity and what the students were 
getting out of it, such as developing conceptual under-
standing, and were supported by rules communicated by 
the instructor, participation in the neighboring activity of 
their pedagogy course, and by their prior experience. In 
Table 2, we show the primary practical and sense-making 
motive for each LA, organized by course the LA worked 
in.

We found that LAs’ practical motives were more simi-
lar within a single class than they were across classes. 
This aligns with our findings from RQ1, that instructors 
with different collective classroom objects and pedagogi-
cal orientations have different conceptions about how 
LAs should embody and enact their role. For example, 
Prof. Vishnu strongly emphasized that the purpose of in-
class discussions was to have students productively dis-
cuss their sense making, share confusions, and develop 
scientific practices. The LAs in this class, consequently, 
saw the neighboring activity they were engaged in as fos-
tering collective and productive discussion and the shar-
ing of thoughts, with a motive that reflected that. For 
LAs in Prof. Beaker’s class, where SG discussions were 
meant to help students think about chemical concepts 
on their own and identify where they may have gaps in 
their understanding, LAs’ primary practical motive was 
helping students solve problems. In Prof. Lemur’s course, 
which focused strongly on both developing conceptual 
understanding and discussion, LAs had differing practi-
cal motives, where some LAs emphasized applying rea-
soning in a new context (more problem-centered) while 
others emphasized sharing and listening to each other’s 
thoughts and confusions (more discussion-centered). 
This suggests that the rules of an activity system strongly 
shape the practice of an LA, and that their practical 
motives may arise from the need to “do their job” and 
follow what the professor directs them to do—i.e., it is 
shaped by the central classroom activity and the collec-
tive object for the neighboring activity as directed by the 
instructor.

In contrast, there were more similarities than differ-
ences in LAs’ sense-making motives across classes. Many 
LAs’ sense-making motive was for students to develop 
conceptual understanding, which typically meant stu-
dents’ progression toward a canonically correct under-
standing in the moment of the SG. This applied even in 
classes with collective objects that deprioritized the sci-
entific canon. This suggests that even while LAs strived 
to do the job the professor told them to do, they did 
not necessarily have the same underlying understand-
ing of what made that job meaningful, and what types of 
skills and capacities it was directed toward developing. 

This may suggest that their understanding is shaped by 
their engagement in other activity systems, such as their 
socialization within the norms of STEM culture in the 
classes they take as students.

To understand how the dynamics of these competing 
motives played out, we attended to how practical and 
sense-making motives intersected and how they inter-
acted with the activity’s collective object. We found that 
for a single LA, their practical and sense-making motives 
could (1) be integrated with or separated from each other 
and (2) could be aligned or misaligned with the collec-
tive object. The degree of integration or separation of 
motives could be observed analytically in whether the 
LA was drawing close connections between the practi-
cal and sense-making motives or not and whether these 
two motives were supported by the same or different 
CHAT components (e.g., rules). We found that LAs who 
had integrated motives also tended to have sense-making 
motives that were well-aligned with the object of the col-
lective activity, while LAs who had separated motives 
also tended to have sense-making motives that were mis-
aligned with the object of the collective activity. To illus-
trate how this played out, we will compare two LAs from 
Prof. Vishnu’s class: LA Capen and LA Shin.

LA Capen had highly integrated motives that were 
supported by much of the same activity components. 
Her practical motive of discussing thought processes 
collectively and her sense-making motive of student 
sense-making were both oriented toward the idea that 
discussing ideas was valuable per se. Her deep alignment 
with the collective activity’s object of grappling with 
practices of science in a safe environment came not just 
through her motives, but also through the components 
that supported her understanding of the neighboring 
activity system. For example, many of her rules and divi-
sions of labor focused on attending to group dynamics 
and fostering groups with trusting relationships where 
students can be “vulnerable,” i.e., fostering a safe envi-
ronment for student sense-making. Her outcomes also 
integrate Vishnu’s ideas of practices of science: she saw 
the outcome of the small groups not just as solidified 
thinking, but also as learning to ask questions, being okay 
with being confused, and seeing and disagreeing respect-
fully with each other’s ideas, i.e., progression in scientific 
practices.

On the other hand, LA Shin, like many other LAs in 
our dataset, had separated practical and sense-making 
motives that were supported by different and some-
times even conflicting rules. His practical motive 
that students should discuss collectively as a group to 
understand each other’s reasoning was supported by 
the division of labor that students share perspectives 
and articulate their thoughts, and that the LA facilitates 



Page 16 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 

sharing perspectives and nourishes discussion. This 
aligned well with how Prof. Vishnu spoke about the 
LAs’ job and how he valued multiplicity and equity 
of ideas. However, when Shin discussed his sense-
making motive of learning fundamental physics ideas, 
he framed it as something that was done by applying 
knowledge from pre-lecture to the problem at hand—
a view of the activity that differed from the object of 
the collective activity. This and the components that 
supported it revealed that he saw the value of differ-
ent ideas not in the ideas or sense making per se, but 
rather in their proximity to canon. LAs in Prof. Vishnu’s 
class were not allowed to give students the answer or 
to enforce canonical correctness during SG discussion. 
Shin sidestepped this rule by creating a division of labor 
where he positioned students with more correct under-
standing to explain and teach others in their group, 
rather than teaching them himself. This allowed him 
to achieve his sense-making motive without explicitly 
violating classroom rules, because he was not enforcing 
canonical ideas, the students were.

Interestingly, both Capen and Shin reported that 
their sense-making motives aligned with Prof. Vishnu’s 
perspective, even though Shin and Prof. Vishnu had 
conflicting rules and underlying personal motivations 
and understandings of the activity. Shin was in his sec-
ond semester of working as an LA for Prof. Vishnu; that 
this disconnect persisted may suggest that it stemmed 
not from a lack of communication, but rather from the 
way Shin made sense of and justified the work the class 
was doing to make it internally coherent with his own 
value system. Capen’s value system, on the other hand, 
may have already been more aligned with Prof. Vishnu’s 
teaching and pedagogy, and thus was able to form more 
coherent motives that excited her practice—in fact, 
during our member checking, Vishnu commented that 
it went beyond his ideas in some way:

And picking up on your question: are there things 
here [Capen] is saying distinct from my view, 
while still in alignment. To me, definitely every-
thing is in alignment with my view of the purpose 
of small group activity. […] But, now that I think 
about it—I have not explicitly connected progress 
to progress in enacting practices. It’s usually con-
ceptual progress that I’ve explicitly referred to. So 
[Capen] may be picking up on something I have 
not emphasized. Certainly I believe there is pro-
gress to be made in enactments, but I don’t usually 
foreground it. It’s more like I say: “understanding” 
has progressed; I don’t usually say “practices” have 
progressed.

Here, we see evidence that both Capen and Shin cre-
ated aspects of their practice that were unique from 
Vishnu’s, and that this creation was related to how they 
reconciled their sense-making and practical motives. 
Capen created her outcomes from [an implicit] align-
ment; Shin created his division of labor from [an implicit] 
contradiction. These two findings help us identify two 
mechanisms of LA learning-in-practice: contradiction 
and consonance.

LAs’ learning‑in‑practice: mechanisms of consonance 
and contradiction
To demonstrate the mechanisms of learning through 
contradiction and consonance in more detail, we will use 
two LAs from Prof. Lemur’s class to discuss how these 
LAs negotiated contradicting and aligning motives, and 
how this negotiation led to their expansive learning in 
practice.

Because Prof. Lemur deprioritized canonical correct-
ness in her lecture, especially during the SG, some LAs 
experienced a contradiction with their prior experience 
as STEM students that showed them that getting the 
correct answer is crucial for content learning. One such 
LA was Cosog. His sense-making motive was develop-
ing conceptual understanding, because he felt that an 
important part of learning chemistry was to eventually 
reconcile your understanding with the canonical solu-
tion. However, he did not enforce this or direct students 
in SG, because this was against the collective rules of the 
SG and he had learned in his pedagogy class that it was 
better for student learning if LAs did not give the right 
answer during small group discussion. Thus, in the exter-
nalization of his sense-making motive, he developed a 
personal rule. Although he was not allowed to answer 
questions directly in SG, because SG was explicitly not 
about the canonical solution, he did see the central activ-
ity primarily as developing the canonical solution. Thus, 
his rule was that once the instructor said the answer 
while debriefing students, he was allowed to directly 
answer student questions; he did not have to abide by the 
roles and rules for the SG while in the WC, because his 
sense-making motive was shaped by his understanding 
of the central activity’s object. Here, Cosog underwent 
an expansive cycle driven by contradiction; he external-
ized actions that helped him gain coherence with his own 
understanding of the system.

In contrast to LA Cosog, LA Ayaoba’s understanding 
of the activity was more aligned with the collective activ-
ity for the small group discussions. Similar to Capen, she 
sometimes went beyond what the professor intended 
the LAs to do. LA Ayaoba’s sense-making motive was 
for students to refine their own chemical thinking 
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collaboratively, and this was highly integrated with her 
practical motive of having students share and listen to 
each other’s confusions. Both motives aligned with the 
neighboring activity’s collective object of refining chemi-
cal thinking. To enact this object, she developed unique 
practices to support students’ chemical thinking. For 
example, she initiated cycles of clarification, where she 
listened to a student’s thought, and then asked a differ-
ent student to reflect that thought back to make sure all 
students had understood it similarly. This clarification 
cycle was supported by the practical rule that all stu-
dents should hear each other and have a chance to speak, 
as well as the sense-making rule that all students should 
engage in a collective conceptual clarification process 
between what they are sharing and receiving from each 
other’s chemical thinking. Ayaoba invented this concep-
tual clarification move as a way of enacting the collec-
tive object and supporting students to refine their own 
chemical thinking. Another piece of evidence for her 
alignment is that Ayaoba recognized Lemur’s implicit 
modeling during the WC, and it influenced how she 
interacted with students and grappled with uncertain-
ties. Ayaoba described this phenomenon during a lecture 
where Prof. Lemur got confused during a particular WC 
discussion:

“So, so the teacher always tells students to —to be 
comfortable with uncertainties and not always 
knowing the right answer right away. And that kind 
of played out in that particular lecture, because 
when the students were in the larger group discus-
sion when they were contributing what they dis-
cussed in their smaller groups, I think it kind of con-
fused what the teacher had in mind earlier. So she 
had to like take a step back to kind of parse through 
what the students were suggesting, because it made 
her uncertain about what she thought the right 
answer should be. So, I thought that was an interest-
ing way to see—to see how she would expect the stu-
dents to grapple with not knowing the right answer 
right away, because she kind of experienced that in 
real time right in front of everyone. […] My role [in 
the SG] is just to provide a space where those [first-
draft] ideas can be can be shared. Yeah, and make 
sure everyone could voice their thoughts in the group 
and voice their confusions or uncertainties that they 
may have as well.”

In this quote, she describes Lemur’s practice as some-
thing the professor seemingly did intentionally. However, 
as we discussed in previous sections, Lemur was engaged 
in this modeling practice subconsciously and she herself 
did not recognize it until watching her own classroom 

video in interviews. Ayaoba’s deep understanding of and 
alignment with Lemur’s practice shaped her role under-
standing in “providing a space for first draft ideas to be 
shared” in the way Lemur had modeled. This mecha-
nism of alignment was further evidenced during member 
checking, as Lemur saw Ayaoba’s activity system as more 
deeply aligned with her own than she had expected based 
on what she had communicated with the LAs. Lemur 
said that she often communicated things to the LAs in a 
practical way; however, she saw many of these practical 
motives become part of Ayaoba’s sense-making, and that 
Ayaoba’s sense-making motive matched Lemur’s motive 
and the collective object at the time. This was especially 
interesting to Lemur, because she had been unaware of 
this until our member checking almost two years after 
the data collection semester—Lemur described Ayaoba 
as a “reserved” LA, and so they often did not have infor-
mal conversations about their pedagogical intent. Lemur 
said that seeing this alignment, “for me, it was like, I’m so 
proud,” because she had specifically recruited Ayaoba to 
be an LA for the class.

Here, we provided evidence of both Cosog and Ayao-
ba’s learning in practice through how they internalized 
and made sense of the collective activity system and 
externalized it through their own unique moves and rules 
as an LA practicing in the neighboring and central activ-
ity. For Cosog, this manifested in how he resolved an 
explicit contradiction he experienced between his sense-
making motive and the collective object of the neighbor-
ing activity to create a coherent practice for himself. This 
learning through contradiction resembles a classic activ-
ity theoretical expansive cycle. Whereas for Ayaoba, this 
learning came from deep synergy and coherence with the 
collective activity and how she extended and built upon 
it. We call this “consonant” learning and have not found 
prior literature precedent for it. We also demonstrated 
learning through contradiction in the section above with 
Shin’s division of labor that supported students to guide 
each other toward canonically correct ideas. Similarly, 
Capen underwent consonant learning leading to her 
outcome that was about progress in scientific practices. 
Each LA in each of our three cases had activity compo-
nents that either disagreed with or went beyond what the 
professor had explicitly communicated (see Appendix for 
an example from each LA). For example, in Prof. Beaker’s 
class, LA Mango had a strong secondary motive to sup-
port students to interact with and help each other, both 
because it supported their conceptual understanding 
but also because it led to better morale and stress relief. 
Although Beaker did not emphasize student–student 
interaction in his meetings with LAs, he did hire Mango 
based on the interpersonal skills he had observed when 
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Mango had been a student in his class—it was something 
Beaker valued, but did not coach his LAs on. Mango 
deeply internalized and externalized the importance of 
this, in part because of his own family experiences that 
valued collaboration—i.e., the activities he participates in 
beyond school.

What all LAs have in common is that their learn-
ing in practice reciprocally shaped and was shaped by 
the collective activity. In some cases, that was more 
explicit, for example, when Shin and Cosog created 
rules and role understandings that allowed them to 
reconcile the instructor’s explicit rules about LAs 
not guiding students with their own personal beliefs 
about learning. In other cases, it was more implicit, 
such when Capen, Ayaoba, and Mango placed spe-
cial value on and personalized the collective object 
in ways that made sense to them and their own prior 
experience. Each contradiction or alignment came 
from how they experienced and made sense of the col-
lective activity, and led to them creating unique com-
ponents that transformed the activity system, which is 
a key definition for expansive learning. These findings 
demonstrate how the complex aspects of the system 
we explored before—the unique aspects of differ-
ent LA-facilitated classrooms, the coherence of LAs’ 
practical and sense-making motives, and the coher-
ence or contradiction between these motives and the 
collective objects—all influence LA learning in prac-
tice as something that is deeply contextualized and 
transformative.

Limitations
Our study has several limitations. Our analysis was 
based on 2 out of 3 of each participants’ interviews. It 
is possible that there were important aspects of par-
ticipants’ practice that we missed by not analyzing the 
third interview; however, we found that differences 
between interviews tended to relate to the specifics of 
that day’s lecture materials rather than differences in 
their more general objects and rules. In addition, we 
did not look at change over time, and rather consid-
ered the LA as engaged in a single activity system over 
the course of the semester; understanding about devel-
opment and learning came from the LAs’ self-report, 
rather than from a longitudinal analysis. We were also 
limited in our ability to identify some types of contra-
diction and consonance. One reason is a limitation of 
our data source: many of the instances of contradic-
tion and consonance we identified in our analysis were 
not explicitly mentioned by participants themselves. 
Rather, they were primarily visible when comparing 

participants’ understandings of the activity systems 
with each other. A second reason is a limitation of our 
analysis. Unique components resulting from align-
ments were particularly difficult to identify, as it was 
not immediately clear if they came from the LA them-
selves, or if they came from a neighboring activity 
that we as researchers did not have access to, such as 
preparation meetings or pedagogy courses. We were 
also only able to share a small subset of interviews 
with instructor participants, whose insight was cru-
cial for analyzing consonance, because they were able 
to report whether they had taught the LAs something 
or not. Thus, it is possible there are more instances of 
alignment in our dataset that we missed as outsiders to 
these activity systems.

Discussion
This paper uses cultural historical activity theory 
(CHAT) to conduct a close investigation of how different 
implementations of the LA model compare across con-
texts, and how these differences contribute to how and 
what LAs learn in their practice. This contributes to and 
bridges two broader bodies of literature focusing on dif-
ferences in LA model implementation and LA learning 
and development.

On the implementation of LAs, our research has 
three major contributions. First, our detailed analy-
sis of three classroom activity systems gives causal 
depth to research that explores differences in imple-
mentation. Although each class had the same formal 
structure, how that structure was carried out by LAs 
was deeply influenced by the class’s collective object 
and the professor’s beliefs about learning. For exam-
ple, Prof. Lemur’s class, which focused on developing 
equitable practices in chemical thinking, was sup-
ported by rules and divisions of labor in both the SG 
and WCD activity systems that gave different stu-
dents’ ideas equal weight. Being able to identify and 
name factors that influence differences in implemen-
tation can be helpful toward answering the problem 
Alzen et al., (2018) posed that differences in outcome 
across LA-facilitated classes can be related to differ-
ences in implementation. Although we did not look 
at measured student outcomes in this manuscript, 
our analysis of the activity systems helped elucidate 
what instructors see as outcomes of LA-facilitated 
interactions, such as refined ideas or student confu-
sions, and how these relate to the instructor’s work 
of guiding students through developing scientific 
understanding in the WC. This in-depth analysis 
can help bridge prior research on the impact of LA 
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implementation on conceptual and affective student 
outcomes (e.g.,Clements et  al., 2023; Ferrari et  al., 
2023; Herrera et  al., 2018; Kiste et  al., 2017; Schick, 
2018; Talbot et  al., 2015; Thompson & Garik, 2015; 
Westine et  al., 2024) and research attending to vari-
ation in LA practices (e.g., Carlos et  al., 2023; Knight 
et  al., 2015; Thompson et  al., 2020) by exploring how 
these relate through the professor’s object and activity 
system. It can also support instructors who are plan-
ning to implement the LA model to be intentional 
about how they instantiate their beliefs about learn-
ing in their classroom structure and how they leverage 
LAs to support student learning.

Second, we delineate two different motives that guide 
LAs’ practice: the practical motive and the sense-making 
motive. The practical motive, which describes what an 
LA is striving to do, relates to prior work on LA facili-
tation, which has found that LAs make different moves 
during interactions with students (Carlos et  al., 2023; 
Knight et  al., 2015; Thompson et  al., 2020). The sense-
making motive, which describes the LA’s underlying 
motivation for their work, relates to prior work on LA 
beliefs, which has found that what LAs do is shaped by 
how they negotiate complex sociocultural dynamics 
around things like the instructional environment and 
racialized and gendered dynamics (Auby & Koretsky, 
2023; Jeong, 2021). Naming these two motives as both 
present and interacting helps facilitate a nuanced analy-
sis of LA work as dynamic and grounded in LAs’ prior 
life experiences. Teasing apart how LAs decide what to 
do from how they understand the reason for what they 
do can help support making sense of variation within LA 
practices, even within a given class, as well as how they 
progress in their development from expert students to 
novice teachers (Auby, 2023). Understanding this vari-
ation and its roots can also help instructors to support 
LAs through navigating challenges and contradictions in 
different aspects of the class, by creating space to discuss 
it explicitly in preparation meetings or in the pedagogy 
course.

Third, this research contributes to the body of litera-
ture on LA–faculty partnerships. Much of the research 
on LA–faculty partnership has focused on what this 
relationship can look like and how it can be carried 
out in the preparation meeting, from LAs being faculty 
mentees, consultants, or co-creators of curricula (e.g., 
Hill et al., 2023; Jardine, 2019, 2020; Sabella et al., 2016) 
to the LAs’ crucial role in creating community and 
serving as a bridge between students and the instruc-
tional staff (Clements et  al., 2023; Hite et  al., 2021; 
Jardine, 2019, 2020). We found that the reciprocity 

of the LA–faculty partnership transcends intentional 
design; each of our LAs contributed to actively shaping 
the lived experience of the classroom activity system, 
regardless of the extent to which they were consulted 
as a formal co-designer. Discussing how LAs enact their 
agency during preparation meetings can help instruc-
tors move toward a partnership model. Instructors can 
also leverage LAs’ varied life experiences to better reach 
different students in their class who may have similar 
beliefs or experience similar contradictions within the 
class structure.

On LA learning and development, we found that LA 
learning in practice is a result of negotiation within a 
specific system. Prior work on LA learning found that 
engaging in LA practice expands LAs’ conceptions on 
learning and their sense of personal and disciplinary 
identity (Auby, 2023; Close et al., 2016; Conn et al., 2014; 
Huvard et al., 2020), for example, when they experience 
contradictions (Huvard et  al., 2020). In our findings, 
we found that this negotiation is shaped by the specific 
nature of the activity system in which an LA practices. 
In each activity system, LAs are tasked with carrying out 
their practice in a specific way that is shaped by what the 
instructor expects them to do (their practical motive). 
However, this may or may not align with the LA’s per-
sonal beliefs about what is best for learning (their sense-
making motive). Reconciling these leads to the LAs 
engaging in expansive learning, which we saw through 
the transformation of the activity system. LAs recipro-
cally influence the class through their work as active 
agents who are sense making about what their role and 
purpose is.

Finally, our work shows evidence that consonance, not 
just contradiction, may be a mechanism for expansive 
learning. Our definition of expansive learning from activ-
ity theory is that one internalizes a critical self-reflection 
that leads to externalization and a search for solutions 
and change, and which can be evidenced through new 
ways of working within an activity system or expanding 
the object (Caspari-Gnann & Sevian, 2022; Engeström, 
1999, 2001; Huvard et  al., 2020; Keen & Sevian, 2022; 
Reinholz et al., 2021). We found that both contradiction 
and consonance could lead to creating new ways of work-
ing within an activity system (e.g., Ayaoba’s clarification 
cycles) or expanding the object (e.g., Mango’s focus on 
collaboration and Capen’s focus on practices). Although 
we did not have explicit data about these LAs grappling 
with critical self-reflection, other research studies about 
LAs detail how becoming an LA requires sense-making 
about their role and progressing from a student to an 
instructor role (e.g., Auby, 2023). It may be worthwhile 
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to conduct a more careful investigation of mechanisms 
of consonance in expansive learning, to understand how 
they are carried out and lead to transformations of an 
activity system. For practitioners, being aware that trans-
formation occurs through consonance can be crucial; 
all three of the case study instructors were not aware of 
how their LAs with consonant practice (Mango, Ayaoba, 
and Capen) were contributing to the collective activity 
in unique ways until they read the LAs’ interviews dur-
ing our member checking process. Creating space for 
the instructors and LAs to make different pieces of and 
beliefs around their practice more explicit would be valu-
able to validate the LAs’ experiences as emerging teach-
ers with their own unique ways of reaching students and 
to create more open dialogue for members of the instruc-
tional team to learn from each other.

Conclusion
In this study, we examined how three different instruc-
tors’ pedagogical practices and classroom collective 
objects influenced how they implemented the LA model, 
and how LAs’ learning-in-practice resulted from a com-
plex and reciprocal negotiation of their motives within 
specific systems. We found that instructors leverage 
small group interactions with LAs to further learning in 
their classroom, either by helping students prepare for 
learning from the professor lecture or by helping students 
refine their ideas to share in a whole class discussion; 
and that LAs served a key role in emotionally support-
ing students in grappling with content and confusions in 
a safe environment. For LAs, we found that their motives 
for their work can be described as what they saw as their 
day-to-day activity (their practical motive) or how they 
made sense of the reason of the classroom activity (their 
sense-making motive). The practical and sense-making 
motives could be deeply integrated or separated, and they 
could align or misalign with the collective object; these 
dynamics influenced how LAs negotiated and created 
their own unique practice by learning through mecha-
nisms of contradiction or consonance.

Our work has implications for the LA literature as well 
as the broader body of work on CHAT. For the LA litera-
ture, we have elucidated a mechanism of learning for LAs 
in practice. This can be brought together with the current 
body of work focusing on how LAs pick things up from 
the pedagogy course to develop a better understanding of 
what LAs learn and take away from their work as LAs. 
We have also been one of the first works to describe, in 
detail, how different instructors implement the LA model 
in different ways, and the implications this has for how 

LAs see their role. This begins to explain how LA practice 
may differ from class to class; however, more work needs 
to be done to investigate this further, and link it with stu-
dent outcomes to explain disparate outcomes across dif-
ferent LA classrooms (Alzen et al., 2018).

For literature on CHAT, we have provided empirical 
evidence that expansive cycles can be initiated through 
mechanisms of consonance, not just contradiction. LAs 
such as Ayaoba and Capen developed their own unique 
aspects of their practice that aligned with what the pro-
fessor expected, but also went beyond what had been 
an explicit piece of the activity system prior to that 
point. This mechanism of consonance allows us to see 
how even those who align well with an activity work 
with it reciprocally as an active agent, not just by car-
rying out an activity but working on it and with it to 
transform their practice to something new, e.g., learn 
expansively.

Our work also has implications for practice through 
the three different parts of the LA model: peda-
gogy, preparation, and practice. Pedagogy courses 
often enroll LAs from different classroom systems, 
who consequently may have different relationships 
between their beliefs, e.g., their sense-making motive, 
and what they are being asked to do, e.g., their prac-
tical motive. Pedagogy course instructors can make 
deliberate space for LAs to discuss and grapple with 
these contradictions, so that the instructor and the 
LAs can support each other in making new meaning 
and expanding their activity system. In the prepara-
tion meetings, class instructors can further these dis-
cussions and make deliberate space for LAs to discuss 
their unique components—especially for those that 
learned through consonance. Hearing how other LAs 
found ways to make sense of and enact classroom 
objects can give each LA new strategies to try out with 
students, as well as teach the instructor something 
new. In practice, we want to stress that each LA oper-
ates in the course system as an active agent, who is 
both learning how to teach, and learning a new way of 
being a learner in that space. LAs’ diversity of experi-
ences and their alignment or misalignment to the class 
pedagogy can be leveraged to reach different students. 
Some students may experience similar challenges as 
a given LA, and so pairing the LA and these students 
up can help both grapple and engage with the class 
objects. Acknowledging and embracing these differ-
ences can support making the classroom a stronger 
and more inclusive space for all learners—students, 
LAs, and even the instructor themselves.



Page 21 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 	

A
pp

en
di

x
Se

e 
Ta

bl
e 

3 
he

re
.

Ta
bl

e 
3 

U
ni

qu
e 

co
m

po
ne

nt
s 

fro
m

 e
ac

h 
LA

’s 
pr

ac
tic

e

Le
ar

ni
ng

 a
ss

is
ta

nt
Ex

am
pl

e 
of

 u
ni

qu
e 

ac
tiv

it
y 

co
m

po
ne

nt
Co

nn
ec

tio
ns

 to
 o

th
er

 a
sp

ec
ts

 o
f t

he
 c

ol
le

ct
iv

e 
ac

tiv
it

y 
sy

st
em

Ch
em

ist
ry

 A
 (P

ro
f. 

Be
ak

er
’s 

Cl
as

s)

LA
 S

hr
ut

hi
Ru

le
 th

at
 s

he
 s

ho
ul

d 
be

 w
ar

m
, s

up
po

rt
iv

e,
 a

nd
 e

nc
ou

ra
gi

ng
 a

nd
 b

ui
ld

 re
la

tio
n‑

sh
ip

s 
w

ith
 s

tu
de

nt
s 

in
si

de
 a

nd
 o

ut
si

de
 o

f l
ec

tu
re

W
ay

 o
f e

xt
er

na
liz

in
g 

th
e 

ru
le

 th
at

 L
A

s 
ar

e 
a 

sa
fe

ty
 n

et
, a

s 
ha

vi
ng

 tr
us

tin
g 

re
la

tio
n‑

sh
ip

s 
he

lp
s 

st
ud

en
t f

ee
l m

or
e 

co
m

fo
rt

ab
le

 in
 re

ac
hi

ng
 o

ut
 fo

r h
el

p;
 a

ls
o 

en
ab

le
d 

by
 h

er
 o

th
er

 ro
le

s 
in

 th
e 

cl
as

s, 
w

hi
ch

 in
cl

ud
e 

ha
vi

ng
 o

ffi
ce

 h
ou

rs
 w

he
re

 s
he

 g
et

s 
to

 k
no

w
 s

tu
de

nt
s 

on
e-

on
-o

ne

LA
 M

an
go

Se
co

nd
ar

y 
pr

ac
tic

al
 m

ot
iv

e 
th

at
 s

tu
de

nt
s 

sh
ou

ld
 h

el
p 

ea
ch

 o
th

er
, a

nd
 th

at
 th

e 
LA

 s
ho

ul
d 

pa
y 

cl
os

e 
at

te
nt

io
n 

to
 w

he
th

er
 th

ei
r i

de
as

 a
re

 c
or

re
ct

 s
o 

th
at

 s
tu

de
nt

s 
do

 n
ot

 d
ev

el
op

 m
is

un
de

rs
ta

nd
in

gs
 w

hi
le

 h
el

pi
ng

 e
ac

h 
ot

he
r

W
ay

 o
f e

xt
er

na
liz

in
g 

th
e 

ru
le

 th
at

 L
A

s 
ar

e 
a 

sa
fe

ty
 n

et
 b

y 
be

in
g 

re
ad

y 
to

 s
up

po
rt

 
bu

t g
iv

in
g 

th
e 

st
ud

en
ts

 s
pa

ce
 to

 h
el

p 
ea

ch
 o

th
er

 fi
rs

t. 
Th

is
 is

 a
ls

o 
re

la
te

d 
to

 th
e 

re
a‑

so
n 

w
hy

 M
an

go
 w

as
 h

ire
d 

to
 b

e 
an

 L
A

 fo
r t

he
 c

ou
rs

e,
 i.

e.
, t

he
 in

te
rp

er
so

na
l s

ki
lls

 h
e 

di
sp

la
ye

d 
in

 s
tu

de
nt

–s
tu

de
nt

 in
te

ra
ct

io
ns

 w
he

n 
he

 w
as

 a
 s

tu
de

nt
 in

 P
ro

f. 
Be

ak
er

’s 
cl

as
s

Ch
em

ist
ry

 B
 (P

ro
f. 

Le
m

ur
’s 

Cl
as

s)

LA
 M

ar
ia

O
ut

co
m

e 
th

at
 a

ft
er

 c
la

ss
, i

f t
he

 L
A

 e
xp

la
in

ed
 s

om
et

hi
ng

 in
co

rr
ec

tly
 d

ur
‑

in
g 

an
 in

te
ra

ct
io

n,
 s

he
 s

en
ds

 a
 fo

llo
w

 u
p 

em
ai

l t
o 

th
e 

st
ud

en
ts

 w
ith

 th
e 

co
rr

ec
t 

in
fo

rm
at

io
n;

 th
is

 c
ou

ld
 h

ap
pe

n 
(fo

r e
xa

m
pl

e)
 w

he
n 

th
e 

st
ud

en
ts

 a
sk

ed
 h

er
 

a 
di

re
ct

 q
ue

st
io

n

W
ay

 o
f r

ec
on

ci
lin

g 
th

e 
ru

le
 th

at
 s

he
 is

 n
ot

 a
llo

w
ed

 to
 g

iv
e 

in
fo

rm
at

io
n 

or
 fo

cu
s 

th
e 

co
nv

er
sa

tio
n 

in
 S

G
 o

n 
co

rr
ec

tn
es

s 
w

ith
 h

er
 s

en
se

-m
ak

in
g 

m
ot

iv
e 

ab
ou

t c
on

‑
ce

pt
ua

l u
nd

er
st

an
di

ng
—

th
us

 s
he

 fo
llo

w
s 

up
 la

te
r (

ou
ts

id
e 

of
 S

G
) w

ith
 c

or
re

ct
 

in
fo

rm
at

io
n

LA
 R

ai
n

D
iv

is
io

n 
of

 la
bo

r t
ha

t b
ot

h 
st

ud
en

ts
 a

nd
 L

A
s 

ca
n 

fil
l i

n 
ea

ch
 o

th
er

’s 
ga

ps
 in

 k
no

w
l‑

ed
ge

, e
.g

., 
th

e 
LA

 c
an

 a
ns

w
er

 s
tu

de
nt

 q
ue

st
io

ns
 o

r t
el

l s
tu

de
nt

s 
w

hi
ch

 p
ie

ce
s 

of
 th

e 
pr

ob
le

m
 to

 ig
no

re
 w

ith
ou

t g
ui

di
ng

 th
em

 u
pf

ro
nt

W
ay

 o
f r

ec
on

ci
lin

g 
he

r p
rio

r n
eg

at
iv

e 
ex

pe
rie

nc
es

 w
ith

 L
A

s 
as

 a
 s

tu
de

nt
—

fo
r 

ex
am

pl
e,

 fe
el

in
g 

un
pr

od
uc

tiv
el

y 
fru

st
ra

te
d 

w
he

n 
LA

s 
w

ou
ld

 li
st

en
 in

 w
ith

ou
t c

on
‑

tr
ib

ut
in

g—
w

ith
 th

e 
pr

of
es

so
r’s

 ru
le

 th
at

 th
e 

LA
s 

sh
ou

ld
 n

ot
 im

po
se

 th
ei

r t
hi

nk
in

g 
on

 s
tu

de
nt

s. 
Sh

e 
do

es
 s

o 
by

 ju
m

pi
ng

 in
 w

he
n 

sh
e 

pe
rc

ei
ve

s 
th

at
 s

tu
de

nt
s 

ar
e 

un
pr

od
uc

tiv
el

y 
st

uc
k 

or
 o

th
er

w
is

e 
fru

st
ra

te
d,

 e
.g

., 
tim

es
 w

he
n 

sh
e 

se
es

 h
er

 th
in

ki
ng

 
as

 a
n 

as
se

t r
at

he
r t

ha
n 

an
 im

po
si

tio
n

LA
 C

os
og

Ru
le

 th
at

 a
lth

ou
gh

 h
e 

is
 n

ot
 a

llo
w

ed
 to

 g
ui

de
 th

e 
st

ud
en

ts
 d

ur
in

g 
SG

, h
e 

is
 a

llo
w

ed
 to

 e
xp

la
in

 th
e 

co
rr

ec
t a

ns
w

er
 to

 s
tu

de
nt

s 
af

te
r t

he
y 

ge
t t

he
 a

ns
w

er
 

fro
m

 th
e 

pr
of

es
so

r i
n 

th
e 

W
C

W
ay

 o
f r

ec
on

ci
lin

g 
hi

s 
se

ns
e-

m
ak

in
g 

m
ot

iv
e 

(d
ev

el
op

in
g 

ca
no

ni
ca

l c
or

re
ct

ne
ss

) 
w

ith
 h

is
 p

ar
tic

ip
at

io
n 

in
 th

e 
ne

ig
hb

or
in

g 
ac

tiv
ity

 b
y 

si
de

st
ep

pi
ng

 th
e 

co
lle

ct
iv

e 
ru

le
 

th
at

 L
A

s 
m

ay
 n

ot
 d

ire
ct

 s
tu

de
nt

s 
by

 o
nl

y 
di

re
ct

ly
 a

ns
w

er
in

g 
st

ud
en

ts
’ q

ue
st

io
ns

 
on

ce
 th

e 
pr

of
es

so
r h

as
 g

iv
en

 th
e 

an
sw

er
, i

.e
., 

on
ce

 th
e 

st
ud

en
ts

 a
re

 n
o 

lo
ng

er
 

ac
tiv

el
y 

re
as

on
in

g

LA
 A

ya
ob

a
D

iv
is

io
n 

of
 la

bo
r t

ha
t s

tu
de

nt
s 

re
fle

ct
 b

ac
k 

w
ha

t t
he

y’
ve

 h
ea

rd
 fr

om
 th

ei
r p

ee
rs

 
to

 m
ak

e 
su

re
 th

ey
 a

re
 a

ll 
on

 th
e 

sa
m

e 
pa

ge
W

ay
 o

f e
xt

er
na

liz
in

g 
th

e 
ob

je
ct

 o
f r

efi
ni

ng
 c

he
m

ic
al

 th
in

ki
ng

 c
ol

la
bo

ra
tiv

el
y 

by
 h

av
‑

in
g 

st
ud

en
ts

 e
xp

la
in

 a
nd

 e
xt

er
na

liz
e 

ea
ch

 o
th

er
’s 

re
as

on
in

g,
 a

nd
 n

ot
 ju

st
 th

ei
r o

w
n

LA
 J

en
ni

e
To

ol
 th

at
 L

A
 u

se
s 

bo
dy

 la
ng

ua
ge

 s
tr

at
eg

ic
al

ly
 to

 m
iti

ga
te

 p
ow

er
 d

yn
am

ic
s 

in
 s

m
al

l g
ro

up
 d

is
cu

ss
io

n,
 fo

r e
xa

m
pl

e,
 lo

ok
in

g 
aw

ay
 fr

om
 a

 d
om

in
an

t s
tu

de
nt

W
ay

 o
f e

na
ct

in
g 

th
e 

ob
je

ct
 o

f c
re

at
in

g 
an

 e
qu

ita
bl

e 
le

ar
ni

ng
 e

nv
iro

nm
en

t b
y 

su
bt

ly
 

sh
ift

in
g 

th
e 

dy
na

m
ic

s 
in

 th
e 

gr
ou

p 
to

 m
ak

e 
su

re
 e

ve
ry

on
e 

fe
el

s 
in

vi
te

d 
to

 p
ar

tic
i‑

pa
te

Ph
ys

ic
s (

Pr
of

. V
ish

nu
’s 

Cl
as

s)

LA
 S

hi
n

Ru
le

 th
at

 th
e 

LA
 is

 n
ot

 a
llo

w
ed

 to
 te

ac
h 

th
e 

st
ud

en
ts

, b
ut

 th
e 

st
ud

en
ts

 a
re

 
al

lo
w

ed
 to

 te
ac

h 
ea

ch
 o

th
er

, a
nd

 th
e 

LA
 c

an
 h

el
p 

po
si

tio
n/

en
co

ur
ag

e 
st

ud
en

ts
 

to
 e

xp
la

in
 to

 e
ac

h 
ot

he
r b

as
ed

 o
n 

ho
w

 w
el

l t
he

y 
un

de
rs

ta
nd

 th
e 

co
nt

en
t

W
ay

 o
f s

up
po

rt
in

g 
se

ns
e-

m
ak

in
g 

m
ot

iv
e 

(a
pp

ly
in

g 
kn

ow
le

dg
e 

to
 le

ar
n 

fu
nd

a‑
m

en
ta

l p
hy

si
cs

 id
ea

s)
 w

ith
ou

t d
ire

ct
ly

 v
io

la
tin

g 
th

e 
cl

as
sr

oo
m

 ru
le

 th
at

 L
A

s 
ar

e 
no

t a
llo

w
ed

 to
 d

ire
ct

 s
tu

de
nt

s

LA
 P

hy
si

cs
D

iv
is

io
n 

of
 la

bo
r t

ha
t h

is
 ro

le
 is

 to
 a

ss
es

s 
st

ud
en

t u
nd

er
st

an
di

ng
 a

s 
co

rr
ec

t 
or

 in
co

rr
ec

t, 
bu

t t
ha

t h
e 

sh
ou

ld
 o

nl
y 

gu
id

e 
st

ud
en

ts
 if

 th
ey

 n
ee

d 
it 

(e
.g

., 
if 

th
ey

 a
re

 
un

pr
od

uc
tiv

el
y 

lo
st

) a
nd

 o
th

er
w

is
e 

sh
ou

ld
 a

llo
w

 th
em

 to
 d

is
cu

ss
 w

ro
ng

 id
ea

s

W
ay

 o
f s

up
po

rt
in

g 
hi

s 
se

ns
e-

m
ak

in
g 

m
ot

iv
e 

(d
ev

el
op

in
g 

co
nc

ep
tu

al
 u

nd
er

st
an

d‑
in

g)
 b

y 
pa

yi
ng

 a
tt

en
tio

n 
to

 a
lig

nm
en

t t
o 

ca
no

n 
w

ith
ou

t d
ire

ct
ly

 v
io

la
tin

g 
th

e 
cl

as
s‑

ro
om

 ru
le

 th
at

 L
A

s 
ar

e 
no

t a
llo

w
ed

 to
 d

ire
ct

 s
tu

de
nt

s 
by

 u
si

ng
 h

is
 b

es
t j

ud
ge

m
en

t 
ab

ou
t w

he
n 

it 
is

 a
pp

ro
pr

ia
te

 to
 g

ui
de

 o
r n

ot



Page 22 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 

Ta
bl

e 
3 

(c
on

tin
ue

d)

Le
ar

ni
ng

 a
ss

is
ta

nt
Ex

am
pl

e 
of

 u
ni

qu
e 

ac
tiv

it
y 

co
m

po
ne

nt
Co

nn
ec

tio
ns

 to
 o

th
er

 a
sp

ec
ts

 o
f t

he
 c

ol
le

ct
iv

e 
ac

tiv
it

y 
sy

st
em

LA
 C

ap
en

O
ut

co
m

e 
th

at
 th

e 
SG

 is
 a

bo
ut

 h
ow

 s
tu

de
nt

s 
le

ar
n 

to
 e

ng
ag

e 
in

 s
ci

en
tifi

c 
pr

ac
tic

es
 

lik
e 

va
lu

in
g 

ea
ch

 o
th

er
’s 

id
ea

s, 
an

d 
no

t j
us

t t
he

 p
ro

gr
es

si
on

 o
f s

ci
en

tifi
c 

un
de

r‑
st

an
di

ng

W
ay

 o
f e

xt
en

di
ng

 a
nd

 p
er

so
na

liz
in

g 
th

e 
pr

of
es

so
r’s

 fo
cu

s 
on

 s
ci

en
tifi

c 
pr

ac
tic

es
 

by
 m

er
gi

ng
 it

 w
ith

 h
is

 fo
cu

s 
on

 c
on

tin
ua

l d
ev

el
op

m
en

t o
f u

nd
er

st
an

di
ng

LA
 H

as
ee

n
M

ot
iv

e 
th

at
 S

G
 is

 a
bo

ut
 e

xp
lo

rin
g 

id
ea

s 
re

la
te

d 
to

 a
 p

ro
bl

em
 o

r c
on

ce
pt

; t
hi

s 
al

lo
w

s 
st

ud
en

ts
 to

 e
xp

lo
re

 a
nd

 re
vi

si
t t

he
ir 

co
nf

us
io

ns
 a

nd
 in

co
rr

ec
t i

de
as

 in
 a

 s
af

e 
sp

ac
e

W
ay

 o
f e

xt
er

na
liz

in
g 

th
e 

co
lle

ct
iv

e 
ne

ig
hb

or
in

g 
ob

je
ct

 th
at

 th
e 

SG
 is

 a
bo

ut
 e

xp
lo

r‑
in

g 
co

nf
us

io
ns

 a
nd

 d
ev

el
op

in
g 

sc
ie

nt
ifi

c 
pr

ac
tic

es
 to

 p
ro

gr
es

s 
un

de
rs

ta
nd

in
g 

ra
th

er
 th

an
 d

ev
el

op
in

g 
sp

ec
ifi

c 
co

nt
en

t u
nd

er
st

an
di

ng
s 

re
lia

nt
 o

n 
ca

no
ni

ca
lly

 
co

rr
ec

t i
de

as



Page 23 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 	

Abbreviations
LA	� Learning assistant
CHAT	� Cultural historical activity theory
DoL	� Division of labor
SG	� Small group
WC	� Whole class

Acknowledgements
We thank all research study participants for making this work possible. We 
would also like to thank all research group members past and present who 
contributed to data collection and provided helpful feedback on our analysis: 
Emily Afriyie, Julia Binstock, Carina Carlos, Chinwendu Igboekulie, Fatima 
Lawan, Kataleeya Powers, Krystal Lwanga, and Jennifer Pierre-Louis. Lastly, we 
would like to thank our co-PI’s, Dr. Vesal Dini, Dr. Hannah Sevian, and Dr. Steven 
Cullipher, and our advisory board members, Dr. Edenia Amaral, Dr. Marilyne 
Stains, and Dr. Eleanor Close.

Author contributions
ICG initiated and designed the overall study. JMK designed the specific 
investigations presented in this manuscript. ICG, JMK, and MPK contributed 
to theoretical considerations to bridge specific and overall study. JMK and SM 
contributed to data collection. All authors engaged in data analysis. JMK, SM, 
and ICG interpreted the findings. JMK wrote this manuscript and ICG revised it. 
All authors read and approved the final manuscript.

Funding
This work was supported by the National Science Foundation, award DUE-
2000603, Tufts Summer Scholars, and the Steven J. Eliopoulos, A89 Fund for 
Undergraduate Research in Physics and Astronomy. Any opinions, findings, 
conclusions, and recommendations expressed in this material are those of 
the authors and do not necessarily reflect the views of the National Science 
Foundation or Tufts Summer Scholars.

Availability of data and materials
Data used for this study are available upon reasonable request to the cor‑
responding author.

Declarations

Ethics approval and consent to participate
Ethical approval was received from the Tufts University Institutional Review 
Board (IRB # 00000765) and the University of Massachusetts—Boston Institu‑
tional Review Board (IRB # 2020176). Participants provided electronic consent 
via an online Qualtrics form.

Consent for publication
Not applicable. Consent was provided via the IRB-approved consent process, 
no identifiable information is included.

Competing interests
The authors declare no competing interests.

Author details
1 Tufts University, Medford, MA 02155, USA. 

Received: 17 March 2024   Accepted: 29 July 2024

References
Alzen, J. L., Langdon, L. S., & Otero, V. K. (2017). The Learning Assistant model 

and DFW rates in introductory physics courses. In L. Ding, A.L. Traxler, & 
Y. Cao (Eds.), 2017 Physics Education Research Conference Proceedings (pp. 
36–39). American Association of Physics Teachers. https://​doi.​org/​10.​
1119/​perc.​2017.​pr.​004

Alzen, J. L., Langdon, L. S., & Otero, V. K. (2018). A logistic regression investiga‑
tion of the relationship between the Learning Assistant model and failure 
rates in introductory STEM courses. International Journal of STEM Educa-
tion, 5(1), 56. https://​doi.​org/​10.​1186/​s40594-​018-​0152-1

Auby, H. (2023). Expert Students and Novice Teachers: Learning Assistants’ Orien-
tations and Student-Teacher Discourses [Master’s thesis, Tufts University]. 
https://​www.​proqu​est.​com/​docvi​ew/​27774​24510

Auby, H., & Koretsky, M. D. (2023, June). Analysis of learning assistants beliefs 
of status and their role as status interventionists. Paper presented at 2023 
ASEE Annual Conference & Exposition, Baltimore, Maryland. https://​peer.​
asee.​org/​42655

Barrasso, A. P., & Spilios, K. E. (2021). A scoping review of literature assessing 
the impact of the learning assistant model. International Journal of STEM 
Education, 8(1), Article 12. https://​doi.​org/​10.​1186/​s40594-​020-​00267-8

Bracho Perez, V. V., & Coso Strong, A. (2023). Exploring the effects of learning 
assistants on instructional team–student interactions in statics. Interna-
tional Journal of Mechanical Engineering Education, 51(4), 294–318. https://​
doi.​org/​10.​1177/​03064​19023​11663​23

Breland, H., Clark, C. M., Shaked, S., & Paquette-Smith, M. (2023). The benefits 
of participating in a learning assistant program on the metacognitive 
awareness and motivation of learning assistants. CBE—Life Sciences 
Education, 22(3), 30. https://​doi.​org/​10.​1187/​cbe.​22-​08-​0156

Cao, Y., Smith, C., Lutz, B. D., & Koretsky, M. (2018, June). Cultivating the next gen-
eration: Outcomes from a Learning Assistant program in engineering. Paper 
presented at the ASEE Annual Conference & Exposition, Salt Lake City, UT. 
https://​doi.​org/​10.​48550/​arXiv.​1807.​04838

Carlos, C. M. L., Maggiore, N. M., Dini, V., & Caspari-Gnann, I. (2023). Character‑
izing facilitation practices of learning assistants: an authoritative-to-dia‑
logic spectrum. International Journal of STEM Education, 10(1), 38. https://​
doi.​org/​10.​1186/​s40594-​023-​00429-4

Carvalho, M., Bellotti, F., Berta, R., De Gloria, A., Islas Sedano, C., Baalsrud Hauge, 
J., Hu, J., & Rauterberg, M. (2015). An activity theory-based model for 
serious games analysis and conceptual design. Computers & Education, 
87, 166–181.

Caspari-Gnann, I., & Sevian, H. (2022). Teacher dilemmas as sources of change 
and development. Teaching and Teacher Education, 112, 1–15.

Clements, K. A., Zepeda, C. D., Leich Hilbun, A., Todd, T., Clements, T. P., Johnson, 
H. J., Watkins, J., Friedman, K. L., & Brame, C. J. (2023). “They have shown 
me it is possible to thrive within STEM”: Incorporating learning assistants 
in general chemistry enhances student belonging and confidence. Jour-
nal of Chemical Education, 100(11), 4200–4211. https://​doi.​org/​10.​1021/​
acs.​jchem​ed.​2c012​24

Clements, T. P., Friedman, K. L., Johnson, H. J., Meier, C. J., Watkins, J., Brockman, 
A. J., & Brame, C. J. (2022). “It made me feel like a bigger part of the STEM 
community”: Incorporation of learning assistants enhances students’ 
sense of belonging in a large introductory biology course. CBE—Life Sci-
ences Education, 21(2), 26. https://​doi.​org/​10.​1187/​cbe.​21-​09-​0287

Close, E. W., Conn, J., & Close, H. G. (2016). Becoming physics people: Develop‑
ment of integrated physics identity through the learning assistant experi‑
ence. Physical Review Physics Education Research, 12(1), 010109. https://​
doi.​org/​10.​1103/​PhysR​evPhy​sEduc​Res.​12.​010109

Cong-Lem, N. (2022). Vygotsky’s, Leontiev’s and Engeström’s cultural-historical 
(activity) theories: Overview, clarifications and implications. Integrative 
Psychological and Behavioral Science., 56, 1091–1112. https://​doi.​org/​10.​
1007/​s12124-​022-​09703-6

Conn, J., Close, E. W., & Close, H. G. (2014). Learning Assistant Identity Develop‑
ment: Is One Semester Enough? In P.V. Engelhardt, A. Churukian, & D.L. 
Jones (Eds.), 2014 Physics Education Research Conference Proceedings (pp. 
55–58). American Association of Physics Teachers. https://​doi.​org/​10.​
1119/​perc.​2014.​pr.​010

Creswell, J. W., & Miller, D. L. (2000). Determining validity in qualitative inquiry. 
Theory into Practice, 39(3), 124–130.

Davenport, F., Amezcua, F., Sabella, M. S., & Van Duzor, A. G. (2017). Exploring 
the underlying factors in learning assistant-faculty partnerships. In L. 
Ding, A.L. Traxler, & Y. Cao (Eds.), 2017 Physics Education Research Confer-
ence Proceedings (pp. 104–107). American Association of Physics Teachers. 
https://​doi.​org/​10.​1119/​perc.​2017.​pr.​021

Engeström, Y. (1987). Learning by Expanding: An Activity-Theoretical Approach to 
Developmental Research. Helsinki, Finland: Orienta-Konsultit.

Engeström, Y. (1999). Activity theory and individual and social transformation. 
In Y. Engeström, R. Miettinen, & R.-L. Punamäki (Eds.), Perspectives on activ-
ity theory (pp. 19–30). Cambridge University Press.

Engeström, Y. (2001). Expansive learning at work: Toward an activity theoretical 
reconceptualization. Journal of Education and Work, 14(1), 133–156.

https://doi.org/10.1119/perc.2017.pr.004
https://doi.org/10.1119/perc.2017.pr.004
https://doi.org/10.1186/s40594-018-0152-1
https://www.proquest.com/docview/2777424510
https://peer.asee.org/42655
https://peer.asee.org/42655
https://doi.org/10.1186/s40594-020-00267-8
https://doi.org/10.1177/03064190231166323
https://doi.org/10.1177/03064190231166323
https://doi.org/10.1187/cbe.22-08-0156
https://doi.org/10.48550/arXiv.1807.04838
https://doi.org/10.1186/s40594-023-00429-4
https://doi.org/10.1186/s40594-023-00429-4
https://doi.org/10.1021/acs.jchemed.2c01224
https://doi.org/10.1021/acs.jchemed.2c01224
https://doi.org/10.1187/cbe.21-09-0287
https://doi.org/10.1103/PhysRevPhysEducRes.12.010109
https://doi.org/10.1103/PhysRevPhysEducRes.12.010109
https://doi.org/10.1007/s12124-022-09703-6
https://doi.org/10.1007/s12124-022-09703-6
https://doi.org/10.1119/perc.2014.pr.010
https://doi.org/10.1119/perc.2014.pr.010
https://doi.org/10.1119/perc.2017.pr.021


Page 24 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 

Ferrari, B. A., Dees, J. A., Armstrong, N. A., & Kittleson, J. M. (2023). Exploring 
peer learning assistants’ impact on student performance and perceptions 
in an undergraduate biology course. Journal of College Science Teaching, 
52(6), 15–22. https://​doi.​org/​10.​1080/​00472​31X.​2023.​12315​862

Goertzen, R. M., Brewe, E., & Kramer, L. (2013). Expanded markers of success in 
introductory university physics. International Journal of Science Education, 
35(2), 262–288. https://​doi.​org/​10.​1080/​09500​693.​2012.​718099

Gray, K. E., Webb, D. C., & Otero, V. K. (2016). Effects of the learning assistant 
model on teacher practice. Physical Review Physics Education Research, 
12(2), 020126. https://​doi.​org/​10.​1103/​PhysR​evPhy​sEduc​Res.​12.​020126

Hamerski, P. C., Irving, P. W., & McPadden, D. (2021). Learning assistants as 
student partners in introductory physics. Physical Review Physics Education 
Research, 17(2), 020107. https://​doi.​org/​10.​1103/​PhysR​evPhy​sEduc​Res.​17.​
020107

Hammer, D., Goldberg, F., & Fargason, S. (2012). Responsive teaching and the 
beginnings of energy in a third grade classroom. Review of Science, Math-
ematics and ICT Education, 6(1), 51–72. https://​doi.​org/​10.​26220/​rev.​1694

Hernandez, D., Jacomino, G., Swamy, U., Donis, K., & Eddy, S. L. (2021). 
Measuring supports from learning assistants that promote engage‑
ment in active learning: evaluating a novel social support instrument. 
International Journal of STEM Education, 8(1), 22. https://​doi.​org/​10.​1186/​
s40594-​021-​00286-z

Herrera, X., Nissen, J., & Van Dusen, B. (2018). Student Outcomes Across 
Collaborative-Learning Environments. In A.L. Traxler, Y. Cao, & S.F. Wolf 
(Eds.), 2018 Physics Education Research Conference Proceedings. American 
Association of Physics Teachers. https://​doi.​org/​10.​48550/​arXiv.​1808.​
07076

Hill, C. J., Barrasso, A. P., & Spilios, K. E. (2023). A mixed-methods analysis of 
perspectives toward learning assistant-faculty relationships. Journal of 
College Science Teaching, 52(3), 75–83. https://​doi.​org/​10.​1080/​00472​31X.​
2023.​12290​703

Hite, R. L., Childers, G., Gottlieb, J., Velasco, R., Johnson, L., Williams, G. B., Griffith, 
K., & Dwyer, J. (2021a). Shifts in learning assistants’ self-determination 
due to COVID-19 disruptions in Calculus II course delivery. Interna-
tional Journal of STEM Education, 8(1), 55. https://​doi.​org/​10.​1186/​
s40594-​021-​00312-0

Hite, R. L., Johnson, L., Velasco, R. C. L., Williams, G. B., & Griffith, K. (2021b). 
Supporting undergraduate STEMM education: perspectives from faculty 
mentors and learning assistants in Calculus II. Education Sciences, 11(3), 
143. https://​doi.​org/​10.​3390/​educs​ci110​30143

Hsiesh, H.-F., & Shannon, S. E. (2005). Three approaches to qualitative content 
analysis. Qualitative Health Research, 15(9), 1227–1288. https://​doi.​org/​10.​
1177/​10497​32305​276687

Hurt, T., Greenwald, E., Allan, S., Cannady, M. A., Krakowski, A., Brodsky, L., 
Collins, M. A., Montgomery, R., & Dorph, R. (2023). The computational 
thinking for science (CT-S) framework: Operationalizing CT-S for K-12 sci‑
ence education researchers and educators. International Journal of STEM 
Education, 10(1), 1–16. https://​doi.​org/​10.​1186/​s40594-​022-​00391-7

Huvard, H., Talbot, R. M., Mason, H., Thompson, A. N., Ferrara, M., & Wee, B. 
(2020). Science identity and metacognitive development in undergradu‑
ate mentor-teachers. International Journal of STEM Education, 7(1), 31. 
https://​doi.​org/​10.​1186/​s40594-​020-​00231-6

Indukuri, S., & Quan, G. M. (2022). Characterizing the feedback that learning 
assistants give to faculty. In B.W. Frank, D.L. Jones, & Q.X. Ryan (Eds.), 2022 
Physics Education Research Conference Proceedings (pp. 255–260). Ameri‑
can Association of Physics Teachers https://​doi.​org/​10.​1119/​perc.​2022.​pr.​
Induk​uri

Jardine, H. E. (2019). Instructional Partnerships Between Science Faculty and 
Undergraduate Teaching and Learning Assistants: Implications for Formative 
Assessment [Doctoral dissertation, University of Maryland]. https://​drum.​
lib.​umd.​edu/​handle/​1903/​22109

Jardine, H. E. (2020). Positioning undergraduate teaching and learning 
assistants as instructional partners. International Journal for Students as 
Partners, 4(1), 48–65. https://​doi.​org/​10.​15173/​ijsap.​v4i1.​4032

Jeong, B.C. (2021). Exploring Learning Assistant Beliefs in the Context of Pedagogi-
cal Training and Instructional Practice [Bachelor’s Honor’s thesis, Oregon 
State University]. https://​ir.​libra​ry.​orego​nstate.​edu/​conce​rn/​honors_​colle​
ge_​theses/​tm70n​330d

Kaptelinin, V., & Nardi, B. (2012). Activity theory in HCI: Fundamentals and reflec-
tions. San Rafael, California: Morgan and Claypool.

Kaptelinin, V. (2005). The object of activity: Making sense of the sense-maker. 
Mind, Culture, and Activity, 12(1), 4–18. https://​doi.​org/​10.​1207/​s1532​
7884m​ca1201_2

Kaptelinin, V., & Nardi, B. (2018). Activity theory as a framework for human-
technology interaction research. Mind, Culture, and Activity, 25(1), 3–5. 
https://​doi.​org/​10.​1080/​10749​039.​2017.​13930​89

Karch, J. M. & Caspari-Gnann, I. (2022). Student In-The-Moment Learning in 
LA-Facilitated Interactions in Undergraduate Chemistry and Physics Courses. 
Paper presented at the NARST 95th Annual International Conference, 
Vancouver, BC. https://​par.​nsf.​gov/​servl​ets/​purl/​10352​289

Karch, J. M., Maggiore, N. M., Pierre-Louis, J. R., Strange, D., Dini, V., & Caspari-
Gnann, I. (2024). Making in-the-moment learning visible: A framework to 
identify and compare various ways of learning through continuity and 
discourse change. Science Education, 108(5), 1292–1328. https://​doi.​org/​
10.​1002/​sce.​21874

Keen, C.A. (2021). Deconstructing Productive Struggle Within the Undergraduate 
Chemistry Laboratory Activity System [Doctoral dissertation, University of 
Massachusetts Boston]. https://​schol​arwor​ks.​umb.​edu/​docto​ral_​disse​
rtati​ons/​740/

Keen, C. A., & Sevian, H. (2022). Qualifying domains of student struggle in 
undergraduate general chemistry laboratory. Chemistry Education 
Research & Practice, 23, 12–37. https://​doi.​org/​10.​1039/​D1RP0​0051A

Kiste, A. L., Scott, G. E., Bukenberger, J., Markmann, M., & Moore, J. (2017). An 
examination of student outcomes in studio chemistry. Chemistry Educa-
tion Research and Practice, 18(1), 233–249. https://​doi.​org/​10.​1039/​c6rp0​
0202a

Knight, J. K., Wise, S. B., Rentsch, J., & Furtak, E. M. (2015). Cues matter: Learning 
assistants influence introductory biology student interactions during 
clicker-question discussions. CBE—Life Sciences Education, 14(4), 41. 
https://​doi.​org/​10.​1187/​cbe.​15-​04-​0093

Knight, J. K., Wise, S. B., & Southard, K. M. (2013). Understanding clicker discus‑
sions: Student reasoning and the impact of instructional cues. CBE Life Sci-
ences Education, 12(4), 645–654. https://​doi.​org/​10.​1187/​cbe.​13-​05-​0090

Koretsky, M. D. (2020, June). Work in Progress: An Online Journal Tool with 
Feedback for a Learning Assistant Program in Engineering. Paper presented 
at 2020 ASEE Virtual Annual Conference Content Access, Virtual Online. 
https://​doi.​org/​10.​18260/1-​2--​35610

Kornreich-Leshem, H., Benabentos, R., Hazari, Z., Potvin, G., & Kramer, L. (2022). 
The cognitive and affective roles of learning assistants in science, tech‑
nology, engineering, and mathematics college classrooms: An explora‑
tion of classroom experiences and students’ metacognitive awareness 
and disciplinary identity. Science Education, 106(3), 545–572. https://​doi.​
org/​10.​1002/​sce.​21703

LA Alliance (2024). Retrieved July 24, 2024, from https://​www.​learn​ingas​sista​
ntall​iance.​org/

Lazarou, D., Erduran, S., & Sutherland, R. (2017). Argumentation in science 
education as an evolving concept: Following the object of activity. Learn-
ing, Culture and Social Interaction, 14, 51–66. https://​doi.​org/​10.​1016/j.​lcsi.​
2017.​05.​003

Lutz, B., & Ríos, L. (2022). Impactful experiences and their effect on learning 
assistant epistemological development. Physical Review Physics Education 
Research, 18(2), 020133. https://​doi.​org/​10.​1103/​PhysR​evPhy​sEduc​Res.​18.​
020133

Maggiore, N. M., Powers, K. P., Lwanga, K. L., & Caspari-Gnann, I. (2024). The 
impact of learning assistant facilitation practices on student in-the-
moment learning. International Journal of STEM Education, in press.

Miller, P. M., Carver, J. S., Shinde, A., Ratcliff, B., & Murphy, A. N. (2013). Initial 
replication results of learning assistants in university physics. 2012 AIP 
Conference Proceedings, 1513(1), 30–33. https://​doi.​org/​10.​1063/1.​47896​44

Nadelson, L. S., & Finnegan, J. (2014). A path less traveled: Fostering STEM 
majors’ professional identity development through engagement as STEM 
learning assistants. Journal of Higher Education Theory & Practice, 14(5), 
29–41.

Otero, V., Finkelstein, N., McCray, R., & Pollock, S. (2006). Who is responsible for 
preparing science teachers? Science, 313(5786), 445–446. https://​doi.​org/​
10.​1126/​scien​ce.​11296​48

Otero, V., Pollock, S., & Finkelstein, N. (2010). A physics department’s role in pre‑
paring physics teachers: The Colorado learning assistant model. American 
Journal of Physics, 78(11), 1218–1224. https://​doi.​org/​10.​1119/1.​34712​91

https://doi.org/10.1080/0047231X.2023.12315862
https://doi.org/10.1080/09500693.2012.718099
https://doi.org/10.1103/PhysRevPhysEducRes.12.020126
https://doi.org/10.1103/PhysRevPhysEducRes.17.020107
https://doi.org/10.1103/PhysRevPhysEducRes.17.020107
https://doi.org/10.26220/rev.1694
https://doi.org/10.1186/s40594-021-00286-z
https://doi.org/10.1186/s40594-021-00286-z
https://doi.org/10.48550/arXiv.1808.07076
https://doi.org/10.48550/arXiv.1808.07076
https://doi.org/10.1080/0047231X.2023.12290703
https://doi.org/10.1080/0047231X.2023.12290703
https://doi.org/10.1186/s40594-021-00312-0
https://doi.org/10.1186/s40594-021-00312-0
https://doi.org/10.3390/educsci11030143
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1186/s40594-022-00391-7
https://doi.org/10.1186/s40594-020-00231-6
https://doi.org/10.1119/perc.2022.pr.Indukuri
https://doi.org/10.1119/perc.2022.pr.Indukuri
https://drum.lib.umd.edu/handle/1903/22109
https://drum.lib.umd.edu/handle/1903/22109
https://doi.org/10.15173/ijsap.v4i1.4032
https://ir.library.oregonstate.edu/concern/honors_college_theses/tm70n330d
https://ir.library.oregonstate.edu/concern/honors_college_theses/tm70n330d
https://doi.org/10.1207/s15327884mca1201_2
https://doi.org/10.1207/s15327884mca1201_2
https://doi.org/10.1080/10749039.2017.1393089
https://par.nsf.gov/servlets/purl/10352289
https://doi.org/10.1002/sce.21874
https://doi.org/10.1002/sce.21874
https://scholarworks.umb.edu/doctoral_dissertations/740/
https://scholarworks.umb.edu/doctoral_dissertations/740/
https://doi.org/10.1039/D1RP00051A
https://doi.org/10.1039/c6rp00202a
https://doi.org/10.1039/c6rp00202a
https://doi.org/10.1187/cbe.15-04-0093
https://doi.org/10.1187/cbe.13-05-0090
https://doi.org/10.18260/1-2--35610
https://doi.org/10.1002/sce.21703
https://doi.org/10.1002/sce.21703
https://www.learningassistantalliance.org/
https://www.learningassistantalliance.org/
https://doi.org/10.1016/j.lcsi.2017.05.003
https://doi.org/10.1016/j.lcsi.2017.05.003
https://doi.org/10.1103/PhysRevPhysEducRes.18.020133
https://doi.org/10.1103/PhysRevPhysEducRes.18.020133
https://doi.org/10.1063/1.4789644
https://doi.org/10.1126/science.1129648
https://doi.org/10.1126/science.1129648
https://doi.org/10.1119/1.3471291


Page 25 of 25Karch et al. International Journal of STEM Education           (2024) 11:37 	

Pak, A., Mangini, M., Green, C., & Sikorski, T. R. (2018). Talk moves, argumenta‑
tion, and questioning patterns in LA-supported group problem solving. 
In A.L. Traxler, Y. Cao, & S.F. Wolf (Eds.), 2018 Physics Education Research 
Conference Proceedings. American Association of Physics Teachers. https://​
doi.​org/​10.​1119/​perc.​2018.​pr.​Pak

Patchen, T., & Smithenry, D. (2014). Diversifying instruction and shifting author‑
ity: A cultural historical activity theory (CHAT) analysis of classroom par‑
ticipant structures. Journal of Research in Science Teaching, 51(5), 606–634. 
https://​doi.​org/​10.​1002/​tea.​21140

Ponterotto, J. G. (2006). Brief Note on the Origins, Evolution, and Meaning 
of the Qualitative Research Concept Thick Description. The Qualitative 
Report, 11(3), 538–549. https://​doi.​org/​10.​46743/​2160-​3715/​2006.​1666

Price, E., & Finkelstein, N. (2008). Preparing physics graduate students to be 
educators. American Journal of Physics, 76(7), 684–690. https://​doi.​org/​10.​
1119/1.​28972​88

Quan, G., Turpen, C., Gupta, A., & Tanu, E. (2017, June). Designing a course for 
peer educators in undergraduate engineering design courses. Paper pre‑
sented at the 2017 ASEE Annual Conference and Exposition, Columbus, 
OH. https://​peer.​asee.​org/​28124

Reinholz, D. L., White, I., & Andrews, T. (2021). Change theory in STEM higher 
education: a systematic review. International Journal of STEM Education, 
8(1), 37. https://​doi.​org/​10.​1186/​s40594-​021-​00291-2

Sabella, M. S., Van Duzor, A. G., & Davenport, F. (2016). Leveraging the expertise 
of the urban STEM student in developing an effective LA Program: LA 
and instructor partnerships. In D.L. Jones, L. Ding, & A.L. Traxler (Eds.), 
2016 Physics Education Research Conference Proceedings (pp. 288–291). 
American Association of Physics Teachers. https://​doi.​org/​10.​1119/​perc.​
2016.​pr.​067

Sabella, M. S., & Roberts, J. C. (2023). Creative astronomy: broadening the 
scope of an online general education course by leveraging an authentic 
collaboration between learning assistant and instructor. The Physics 
Teacher, 61(1), 43–48. https://​doi.​org/​10.​1119/5.​00808​90

Schick, C. P. (2018). Trying on Teaching: Transforming STEM Classrooms with 
a Learning Assistant Program. In L.J. Anna, T.B. Higgins, A. Palmer, & K.S. 
Owens (Eds.), Strategies Promoting Success of Two-Year College Students 
ACS Symposium Series (Vol. 1280, pp. 3–27). American Chemical Society. 
https://​doi.​org/​10.​1021/​bk-​2018-​1280.​ch001

Sellami, N., Shaked, S., Laski, F. A., Eagan, K. M., & Sanders, E. R. (2017). Imple‑
mentation of a learning assistant program improves student perfor‑
mance on higher-order assessments. CBE—Life Sciences Education, 16(4), 
62. https://​doi.​org/​10.​1187/​cbe.​16-​12-​0341

Sempértegui, T. S., Bebergal, J. L., & Adelmann, B. J. (2022). Piloting the Learning 
Assistant (LA) Model in a Large Lecture General Chemistry Course. Learn-
ing Assistance Review (TLAR), 27(1).

Stuopis, I. R. (2023). Learning Assistants in Undergraduate Mechanical Engi-
neering: Goals, Discourse, and Community [Doctoral dissertation, Tufts 
University].

Stuopis, I., & Wendell, K. B. (2023, June). Work in Progress: Using the Formative 
Assessment Enactment Model to Characterize Instructor Moves in a Learning-
Assistant Supported Mechanics Course. Paper presented at ASEE Annual 
Conference & Exposition, Baltimore, MD.

Talanquer, V., & Pollard, J. (2010). Let’s teach how we think instead of what we 
know. Chemistry Education Research and Practice, 11(2), 74–83. https://​doi.​
org/​10.​1039/​C0053​49J

Talbot, R. M., Doughty, L., Nasim, A., Hartley, L., Le, P., Kramer, L., Kornreich-
Leshem, H., & Boyer, J. (2016). Theoretically Framing a Complex Phenom‑
enon: Student Success in Large Enrollment Active Learning Courses. In 
D. L. Jones, L. Ding, & A. Traxler (Eds.), 2016 Physics Education Research 
Conference Proceedings (pp. 344–347).

Talbot, R. M., Hartley, L. M., Marzetta, K., & Wee, B. S. (2015). Transforming under‑
graduate science education with learning assistants: Student satisfaction 
in large-enrollment courses. Journal of College Science Teaching, 44(5), 
24–30.

Thompson, M. M., & Garik, P. (2015, April). The effect of Learning Assistants on 
student learning outcomes and satisfaction in large science and engineer-
ing courses. Paper presented at International Conference of the National 
Association of Research in Science Teaching, Chicago, IL.

Thompson, A. N. (2019). Learning Assistants’ Actions in the Classroom and How 
These Relate to Their Professional Visions, Noticing Behaviors, and Perceived 
Roles [Doctoral dissertation, University of Colorado at Denver].

Thompson, A. N., Talbot, R. M., Doughty, L., Huvard, H., Le, P., Hartley, L., & 
Boyer, J. (2020). Development and application of the action taxonomy for 
learning assistants (ATLAs). International Journal of STEM Education, 7(1), 1. 
https://​doi.​org/​10.​1186/​s40594-​019-​0200-5

Top, L. M., Schoonraad, S. A., & Otero, V. K. (2018). Development of pedagogi‑
cal knowledge among learning assistants. International Journal of STEM 
Education, 5(1), 1. https://​doi.​org/​10.​1186/​s40594-​017-​0097-9

Van Aalsvoort, J. (2004). Activity theory as a tool to address the problem of 
chemistry’s lack of relevance in secondary school chemical education. 
International Journal of Science Education, 26(13), 1635–1651. https://​doi.​
org/​10.​1080/​09500​69042​00020​5378

Van Dusen, B., & Nissen, J. M. (2020). Associations between learning assistants, 
passing introductory physics, and equity: A quantitative critical race 
theory investigation. Physical Review Physics Education Research, 16(1), 
010117. https://​doi.​org/​10.​1103/​PhysR​evPhy​sEduc​Res.​16.​010117

Van Dusen, B., Langdon, L., & Otero, V. (2015). Learning assistant supported 
student outcomes (LASSO) study initial findings. In A. Churukian, D.L. 
Jones, & L. Ding (Eds.), Physics Education Research Conference Proceedings 
(pp. 343–346). American Association of Physics Teachers. https://​doi.​org/​
10.​1119/​perc.​2015.​pr.​081

Van Dusen, B., & Nissen, J. M. (2017). Systemic inequities in introductory 
physics courses: the impacts of learning assistants. In L. Ding, A.L. Traxler, 
& Y. Cao (Eds.(, Physics Education Research Conference Proceedings (pp. 
400–403). American Association of Physics Teachers. https://​doi.​org/​10.​
48550/​arXiv.​1711.​05836

Van Dusen, B., White, J. S. S., & Roualdes, E. (2016). The impact of learning assis‑
tants on inequities in physics student outcomes. In D.L. Jones, L. Ding, & 
A.L. Traxler (Eds.), 2016 Physics Education Research Conference Proceedings 
(pp. 360–363). American Association of Physics Teachers. https://​doi.​org/​
10.​1119/​perc.​2016.​pr.​085

Vygotsky, L. S. (1934/1987). Thinking and Speech. In R. W. Rieber & A. S. Carton 
(Eds.), The Collected Works of L. S. Vygotsky (Vol. 1, pp. 39–285). Plenum 
Press.

Wang, J., Wang, Y., Wipfli, K., Thacker, B., & Hart, S. (2023). Investigating learning 
assistants’ use of questioning in online courses about introductory phys‑
ics. Physical Review Physics Education Research, 19(1), 010113. https://​doi.​
org/​10.​1103/​PhysR​evPhy​sEduc​Res.​19.​010113

Westine, C. D., Wu, T., Kim, S. Y., & Maher, D. F. (2024). Engagement and attribu‑
tion of increased engagement to learning assistants in learning assistant-
supported classes. Journal of Further and Higher Education, 48(2), 1–13. 
https://​doi.​org/​10.​1080/​03098​77x.​2024.​23020​29

White, J.-S. S., Van Dusen, B., & Roualdes, E. A. (2016). The impacts of learning 
assistants on student learning of physics. In D.L. Jones, L. Ding, & A.L. 
Traxler (Eds.), 2016 Physics Education Research Conference Proceedings (pp. 
384–387). American Association of Physics Teachers. https://​doi.​org/​10.​
48550/​arXiv.​1607.​07469

Yin, R. K. (2018). Case study research and applications: Design and methods (6th 
ed.). Sage.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1119/perc.2018.pr.Pak
https://doi.org/10.1119/perc.2018.pr.Pak
https://doi.org/10.1002/tea.21140
https://doi.org/10.46743/2160-3715/2006.1666
https://doi.org/10.1119/1.2897288
https://doi.org/10.1119/1.2897288
https://peer.asee.org/28124
https://doi.org/10.1186/s40594-021-00291-2
https://doi.org/10.1119/perc.2016.pr.067
https://doi.org/10.1119/perc.2016.pr.067
https://doi.org/10.1119/5.0080890
https://doi.org/10.1021/bk-2018-1280.ch001
https://doi.org/10.1187/cbe.16-12-0341
https://doi.org/10.1039/C005349J
https://doi.org/10.1039/C005349J
https://doi.org/10.1186/s40594-019-0200-5
https://doi.org/10.1186/s40594-017-0097-9
https://doi.org/10.1080/0950069042000205378
https://doi.org/10.1080/0950069042000205378
https://doi.org/10.1103/PhysRevPhysEducRes.16.010117
https://doi.org/10.1119/perc.2015.pr.081
https://doi.org/10.1119/perc.2015.pr.081
https://doi.org/10.48550/arXiv.1711.05836
https://doi.org/10.48550/arXiv.1711.05836
https://doi.org/10.1119/perc.2016.pr.085
https://doi.org/10.1119/perc.2016.pr.085
https://doi.org/10.1103/PhysRevPhysEducRes.19.010113
https://doi.org/10.1103/PhysRevPhysEducRes.19.010113
https://doi.org/10.1080/0309877x.2024.2302029
https://doi.org/10.48550/arXiv.1607.07469
https://doi.org/10.48550/arXiv.1607.07469

	Expansive learning in the learning assistant model: how instructors’ goals lead to differences in implementation and development of LAs’ practices
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Literature review: learning assistants (LAs) and the essential elements of the LA model
	Theoretical framework: cultural historical activity theory

	Methodology
	Multiple case study design
	Description of cases
	Data sources and recruitment
	Data analysis
	Trustworthiness and consensus processes
	Findings
	Integration of LA-facilitated interactions in introductory STEM courses
	Practical and sense-making motives: how do LAs understand their role?
	LAs’ learning-in-practice: mechanisms of consonance and contradiction
	Limitations

	Discussion
	Conclusion
	Appendix
	Acknowledgements
	References


