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Abstract

In response to the lack of field experience perceived by employers and recent STEM gradu-
ates, Work-Integrated Learning (WIL) arrangements have become more common. How-
ever, not all WIL experiences are valuable. Indeed, having students in companies without
establishing protocols to protect their participation, meaningful interaction, and psycholog-
ical safety could be counterproductive to non-traditional students. Furthermore, WIL expe-
riences must be designed purposefully to ensure equitable learning experiences for all stu-
dents. This paper applies an inductive thematic analysis of interviews with 19 current and
4 former students, interviews with current and former workers at host worksites, 76 course
surveys, and a total of 15 memos collected from class and workplace observations from
graduate engineering classes designed under WIL arrangements between 2017 and 2022.
Using Communities of Practice (CoP), we conceptualize WIL experiences as a connection
between two communities, generating a theory-based understanding of different possible
types of connection, how to establish those connections, and how they contribute to student
learning. Building from student experiences, vital elements to integrate workplace learn-
ing into the curriculum effectively were identified. Leveraging CoP theory concepts, we
describe various modes of integrating workplace experiences into the curriculum, support-
ing students’ increased participation in both settings and allowing them to become brokers
who can transfer ideas and knowledge and acquire new skills. From this, we propose a
scaffolding model to implement WIL, which enables teachers to select from among several
effective strategies that adapt to students’ unique contexts, prior experiences, and learning
objectives. For all strategies, guidance is provided about designing WIL experiences that
progressively immerse students as engaged, active participants in companies.
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Introduction

National policy documents from countries around the world consistently make the argu-
ment that we need more STEM graduates who are “ready to work™ (Engineering Council
UK, 2020; Education Council Australia, 2018; National Science Foundation, 2020), echo-
ing workforce calls to improve the training and retention of STEM professionals to meet
the requirements of industry (Engineers Australia, 2022; National Science Foundation,
2020). Consequently, higher education institutions are implementing various strategies to
provide students with real-world experiences (Di Meglio et al., 2022; Jackson & Collings,
2018; Small et al., 2018). One such strategy is Work-Integrated Learning (WIL), which
serves as a broad concept encompassing different approaches to integrating work into the
curriculum (Australian Government Tertiary Education Quality and Standards Agency,
TESQA, 2022) including co-working (Jackson et al., 2022), electronic workplace experi-
ences (Gamage, 2022), simulated real environments in classrooms (Fearon et al., 2012;
Ponikwer & Patel, 2021), and internships (Di Meglio et al., 2022; Jerez Gomez et al., 2023;
QOdlin et al., 2022) among others.

Despite the growing adoption of WIL, fundamental issues remain unresolved (Diaz
et al., 2022a, 2023). For example, Bjorck and colleagues argue that basing WIL on a “gap”
between academia and work creates an adversarial binary that may lead students to dis-
count their school learning as “merely theoretical” (Bjorck, 2021; Bjorck & Johansson,
2019; see also Allan & Evans, 2019; Orr, 2013), implying that universities fail to provide
practical skills, and placing the burden on students to bridge this gap themselves (Diaz
et al.,, 2024). Binary/gap discourse misrepresents learning as a transition from theory to
practice rather than a dynamic process that integrates both. A more holistic approach to
WIL frames learning as contextually situated and participatory, emphasizing the integra-
tion of reflective and intentional practices to ensure that students engage meaningfully in
both academic and professional settings (Diaz et al., 2024).

Prior studies identified practical challenges associated with the implementation of
WIL, such as the lack of evaluation tools (McNamara, 2013), the impracticality of cur-
rent approaches to assessing student performance (Ajjawi et al., 2020; Ferns & Zegwaard,
2014; Higgs, 2014), and the absence of guidance for the principled design of authentic
learning experiences (Ajjawi et al., 2020). Furthermore, Holyoak (2013) highlights an
implicit assumption that internships universally provide valuable and positive experiences
for all students. However, merely placing students in professional communities does not
guarantee the acquisition of relevant and impactful learning experiences that foster active
engagement and critical thinking (Sadler, 2009). Workplace activities alone do not ensure
a positive effect on students’ employability or earnings after graduation (Arsenis & Flores,
2024). Additionally, Alam and Forhad (2022) found that socioeconomic differences sig-
nificantly determine career advancement in engineering fields, further compounded by the
types of programs students pursue. This underscores the need for higher education systems
to develop more equitable practices, and internships play a key role in this context. Unfor-
tunately, no model currently exists to clearly guide the design of WIL experiences that can
be customized to meet the diverse contexts and requirements of students. Research has also
shown that current practices place undue pressure and responsibility on students (Clerke
et al., 2021) and can create additional challenges for underrepresented groups (Brooks &
Timms, 2023; Hewitt et al., 2018). Indeed, more systematic equity models and evaluation
strategies are needed to support the learning experiences of underrepresented groups (Ives
et al., 2023).
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In search of solutions to the issues previously presented, this paper uses the Commu-
nity of Practice (CoP; Wenger, 1998, 2002) framework to analyze a graduate engineering
course designed to provide a WIL experience.

The theoretical learning framework of CoP emphasizes participation by individuals
from diverse backgrounds, learning by doing, and learning as situated in context. It con-
ceptualizes learning as an outcome of participation in a social environment. Additionally,
CoP provides key insights into how multiple communities interact and how learning occurs
at their intersections. Wenger (1998) explains how two communities can connect: through
individuals who participate across both communities (brokers) and through shared artifacts
or concepts that hold meaning in both contexts (boundary objects). The university and
work setting are “two ‘communities’ with overlapping practices where connections can be
made through boundary objects and brokering...” (Ajjawi et al., 2020, p. 313).

This paper aims to investigate how the articulation of two communities, the univer-
sity and the workplace, fosters learning outcomes when students navigate the boundaries
between them. Using CoP as a theoretical lens, we analyze interviews with students and
company workers, class evaluations, instructor notes, and observations from both the class-
room and the workplace in the context of the graduate engineering course Building Infor-
mation Modeling (BIM). This research is guided by the following research questions:

1. How can various arrangements between companies and universities be established to
create WIL experiences, and what differences exist in students’ learning outcomes and
expectations across these arrangements? (RQ1)

2. How can different university-industry arrangements be leveraged by instructors to con-
struct a scaffolding WIL learning experience that facilitates a smoother student transition
to the workforce and aligns with class learning outcomes, expectations, and students’
needs? (RQ2)

By addressing these research questions, our aim is to offer heuristics and best prac-
tices for the effective implementation of WIL experiences, emphasizing a student-centered
approach that is flexible and adaptable to the specific needs of students. We identified dif-
ferent models to integrate WIL, and we enhanced the understanding and conceptualiza-
tion of the purpose and implications of diverse WIL models (RQ1). We also seek to guide
stakeholders in utilizing WIL models to provide controlled and scaffolded field experi-
ences, addressing the gaps highlighted by employers and recent graduates without placing
undue responsibility solely on students (RQ2).

Background
Work as part of the curriculum: defining WIL

The integration of workplace learning has garnered significant attention and been adopted
worldwide (Jackson & Dean, 2023). In the UK, this approach has been steadily growing
under the name of Higher Degree Apprenticeship (Hughes & Saieva, 2019; Quew-Jones,
2023), while other European countries have embraced the term Work-Based Learning
(Perusso & Wagennar, 2022). In the USA, cooperative education (co-op) programs have
been established (Main et al., 2021; Sovilla & Varty, 2011). In Australia, WIL is defined
by the government as "structured and purposefully designed learning and assessment
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activities that integrate theory with the practice of work" (Australian Government Tertiary
Education Quality and Standards Agency, TEQSA, 2022, p.1). WIL is an umbrella term
encompassing a range of approaches and strategies intentionally blending theory and work
practice within a curriculum (Jackson, 2017; Patrick et al., 2008).

Models to implement WIL in engineering

Engagement of students in a community is a crucial component for legitimate learning
experiences that will lead to construction of new knowledge through WIL (Safran, 2010),
but the current models do not provide different levels of engagement that can be devel-
oped through different WIL agreements. While models that emphasize student engagement
(e.g., Carbone et al., 2020; Xia et al., 2015) have been significant in the study of WIL
experiences, there is currently no discussion on how engagement should be supported or
how student engagement may change across different stages of their academic careers (e.g.,
first-year, senior, or graduate students). A model for designing for engagement must also
consider individual characteristics. Students’ educational level, activity, project, exposure
time, and background correlate with their outcomes in WIL experiences (Xia et al., 2015).
The lack of theoretically based, systematic processes (Holyoak, 2013) means WIL experi-
ences are implemented without distinguishing the levels of engagement based on students’
academic stage, individual characteristics, and needs.

In the field of engineering, the most common implementation involves students being
responsible for finding their own workplace (Clerke et al., 2021), which presents chal-
lenges for underrepresented students and reinforces a demographic bias in the representa-
tion of the labor force (Hewitt et al., 2018). Instructors will thus need guidance on estab-
lishing relationships with companies that will provide productive learning experiences for
students.

In summary, although different models to implement WIL in Engineering are available,
they lack the flexibility to be adapted to the specific needs of students, are not designed
for progressive workplace immersion, place the responsibility for finding internships on
students, and intrinsically assume that all internships are valuable for students’ develop-
ment. If universities fail to implement systematic processes to ensure student participation
and well-being, workplace learning experiences will not be significant for students (Sad-
ler, 2009). The CoP framework (described below) is well suited to conceptualize the WIL
experience as an interaction between two communities and to trace trajectories of increas-
ing student participation. Yet, there is currently no empirical investigation or theoretical
discussion on how instructors can utilize this framework to design scaffolding experiences
tailored to students’ backgrounds, contexts, and specific learning outcomes. Next, we will
describe how CoP concepts can be helpful to describe WIL.

Theoretical framework: community of practice

The Communities of Practice (CoP) theory proposed by Wenger and Lave (1991) emerges
from the study of groups of people who negotiate and share meaning and forms of par-
ticipation, including tools, knowledge, concepts, symbols, and procedures. Wenger’s CoP
theory is based on four premises: the social nature of humans, the idea that knowledge is
competence (doing), that knowing is participating, and learning is meaning (1998). A key
concept introduced by Lave and Wenger (1991) is Legitimate Peripheral Participation as
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a process in which newcomers incorporate into a community and negotiate their participa-
tion to become full participants. Significant learning is an outcome of participation in the
community, and if a student effectively negotiates their participation, their learning will be
more significant and valuable to the community.

Wenger (1998) proposes that the interaction between two communities of practice is
generated by "brokers" and "boundary objects." A broker is a participant in two communi-
ties who can introduce elements from one community to another, while boundary objects
are artifacts, documents, terms, and concepts through which CoPs lay the foundation for
their practice and organize their connections. In our context, the two communities are the
university course and the host companies at which students intern.

Different encounters may occur when two communities interact, including one-on-one
interactions, immersion, and delegation, providing opportunities for communities to con-
nect, exchange knowledge, and negotiate meanings, ultimately fostering collaboration and
the development of shared understanding. According to Wenger (1999), connections gener-
ated by interacting between two communities can generate three types of connection: (a)
boundary practices, (b) overlaps, and (c) peripheries. Boundary practices involve creating
a new practice that can be compatible between two communities of practice. Overlap con-
nections occur when two communities have strong connections in their practices, allowing
individuals to learn and participate in specific activities from both communities. Despite
being engaged in both communities, distinct boundaries still differentiate to which com-
munity individuals belong. Peripheries allow the selective entrance of external members
into the community.

WIL through the CoP lens

From a CoP perspective, both the university and companies can be seen as separate CoPs.
WIL aims to establish practical connections that can be facilitated through the presence
of brokers and boundary objects. Consequently, to implement an effective WIL experi-
ence, instructors must identify and leverage the boundary objects involved and define what
broker role students must play in the knowledge exchange between the university and the
company.

Boundary objects are tools or instruments that are used in both the university and the
company, but their meanings and uses may vary in each context. For example, a company
may use Excel tools for product pricing and payment management, while students may
learn to use Excel for statistical calculations in their academic coursework.

Students need to develop broker skills to effectively transfer knowledge, concepts, ideas,
and skills between the university or course and the company. Broker tasks are challenging
as students must adapt their language, align practices, coordinate two communities, etc.
(Baas et al., 2023). Brokers play a crucial role in facilitating the exchange and integra-
tion of knowledge and practices across the university and workplace boundaries. For exam-
ple, students may bring cutting-edge analytical approaches learned in the classroom to the
workplace while learning about equipment or new software on the worksite that they can
discuss in the classroom.

In previous work, we used a grounded theory analytical approach to build a new con-
ceptualization of WIL through the lens of CoP (Diaz et al., 2024), using course evalua-
tions and retrospective interviews from the years 2017 to 2021. We discovered that WIL
can be conceptualized as connections between two CoPs, addressing conceptualization
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issues around WIL that previous research had identified (e.g., Allan & Evans, 2019;
Bjorck, 2020, 2021). Additionally, we found that WIL experiences should be designed
to allow students to reinterpret boundary objects and develop brokerage capacities by
working in a real workplace environment. Building on our prior work, we conducted
additional, in-depth research on the Fall 2022 course, collecting class observations and
company observations (15 memos), interviews with 19 students, and interviews with
workers, which have not been reported previously.

Methods

This research is part of a National Science Foundation grant aimed at improving gradu-
ate engineering education using communities of practice. This project consists of the
study of three graduate engineering classes taught at a high-intensity research university
in the USA. We selected these classes as they are highly diverse in terms of ethnicity,
background, etc., and the instructors of these classes are also the Co-PIs of the grant.
Additionally, the three classes address representative challenges highly relevant in
STEM education for the future: improving interdisciplinarity, supporting the transition
of students from university to the workforce, and implementing strategies that ensure
more equitable practices in STEM education.

This research uses data collected from one of the courses—Building Information
Modeling (BIM) in Construction. In this course, students are divided into small teams
(two to three members per team), each assigned to a real project within a local company.
Students must apply advanced BIM software, such as Navisworks, to support the com-
panies’ construction management projects. BIM software is commonly used to facilitate
construction management by creating 3D models of the project and incorporating vari-
ables related to time (4D) and cost (5D). Each unique project may involve bridge con-
struction, housing development, or industrial projects.

Participants

This research used BIM course data collected from 2017 to 2022. The historical univer-
sity report shows that approximately 85% of students are from India or Central Asia, 6%
are Hispanic, 6% are from East Asia, and 3% are White US students. Only binary gender
descriptions are available, with around 78% identified as male and 22% as female. Class
sizes varied from 16 to 30 students, with an average of 20 students per semester. For the
years 2017, 2018, and 2019, an open survey was administered to 76 students, which rep-
resented the entire class population.

All students in the class were invited to participate in this research. For the 2021 ver-
sion, five students agreed to be interviewed at the end of the course. Similarly, for the
2022 version, all 14 students participated, and data collection included class observa-
tions, multiple interviews, and workplace observations. The North Carolina State Uni-
versity Institutional Review Board approved this study.
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Data
Course evaluation

Seventy-six students’ anonymous course evaluations collected in Fall 2017, 2018, and
2019 that evaluated students’ perceptions at the end of the BIM course were used. The
survey has two closed questions and several open questions about the student’s experience
on-site visits, company interaction, site-course alignment, and reflection on the course (see
Appendix for the full questionnaire).

Current and former students’ interviews

For the 2021 version, students were interviewed at the end of the course. In the 2022 ver-
sion, interviews were conducted at the middle (n=11) and end (n=38) of the course. Addi-
tionally, four former students who participated in the course between 2017 and 2019 were
interviewed in Fall 2021. All the former students had already graduated and were working
in engineering companies. The first author conducted all interviews using interview pro-
tocols (see Appendix). All student interviews were recorded using Zoom (without video).
The automatic transcript generated by Zoom was corrected for accuracy by the research
team.

Former and current workers' interviews

Four company workers who supervised students’ work between 2017 and 2019 were indi-
vidually interviewed via Zoom using a semi-structured protocol between March and April
2022 (3-5 years after participating in the course). Additionally, informal interviews were
conducted with three company workers during the company observation in the Fall 2022
version of the course. These interviews were in person and not recorded to avoid mak-
ing the employees uncomfortable. The first author documented the conversation in memos
immediately after conducting the interviews.

Class and company observations

We observed lectures, computational laboratories, and company visits from the Fall 2022
offering of the course. A total of 15 memos were generated from these observations. The
memos contain information on the date, time, context, student interactions, participation,
and contribution. Notes were analyzed regarding the CoP concepts (e.g., students interact-
ing across teams developing broker skills).

Data analysis

We analyzed the data in an iterative process using inductive thematic analysis (Guest et al.,
2012) to develop categories that represent the key aspects related to the course arrangement
effectiveness. Inductive thematic analysis was chosen to allow themes to emerge directly
from the data without being influenced by pre-existing theories or frameworks, which is
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particularly suitable when exploring new or under-researched topics such as students’ per-
ceptions of course effectiveness in this context. This approach supports a more flexible and
data-driven interpretation, enabling us to capture the diverse range of student experiences.
Initially, we conducted open coding, breaking down qualitative data into discrete pieces
and comparing them for differences and similarities. We then carried out subsequent axial
coding, grouping similar phenomena into categories. For instance, from the survey, we
observed that students’ perceptions of effectiveness were associated with whether they had
previous worksite experience or if this was their first exposure to a real construction com-
pany. This was grouped into adaptability, consistent with students’ previous experience.
The data were coded and managed using the Taguette system (Rampin & Rampin, 2021).

Validity and reliability

The survey and interview protocols were piloted previously, finding that they provided
accurate and meaningful information (see more details in Diaz et al., 2022b). The first
author conducted all the data collection and was carefully guided and supported by the
other authors. In the initial analysis, we used two coders for reliability and calculated
an inter-code agreement between coders following the procedure of Guest et al. (2012),
obtaining an inter-coder reliability above 80% (see Diaz et al., 2024 for details). Consider-
ing that the data came from the same course and that the reliability of the first author was
already tested and peer-reviewed, we did not repeat the inter-coder reliability analysis, and
the first author analyzed the data directly.

Results and discussion
Models to articulate university and industry (RQ1)

The former students identified different models of WIL experiences that they had expe-
rienced through their curriculum. For instance, when we asked former student #1 about
other WIL experiences (Q3, section F in the interview protocol), he described:

There is a course that is called Productivity... you are also assign and you have
access to a project... we had only two visits, it was not like BIM. Another project was
Construction Project Management and that’s a course where you learn like different
steps or procedures, whatever. That a project manager can implement and we were
going to the so, for example, constructability review. We were assigned to a project
at [UNIVERSITY], it was the [deleted] gymnasium... we were actually. going to
the weekly meetings... we have access to all of the drawings.. all of the report. ...
those were. But being that the benefits of the BIM course was that you were doing
the whole semester, so it wasn’t one or two visit it was actually every week... at the
end of the day, you feel like part of the company right, and you know the company
learned from you, because every day, you learn something.

This former student delineated three distinct WIL experiences encountered during their
studies and highlighted the varying challenges associated with each. The initial experience
was characterized by control and limited visits/interactions with the company. In the sec-
ond scenario, students engaged in a project within the university but led by an external
company, which included a limited number of visits. Lastly, in the BIM course, students
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had a comprehensive immersion into the company, with the expectation of becoming cen-
tral members. Table 1 summarizes the three types of WIL arrangements identified. Build-
ing upon the foundational work of Wenger and Lave (1991), we propose interpreting those
three mechanisms of connection between companies and universities in the context of WIL
experiences: overlaps, boundary practices, and peripheries models (refer to Fig. 1). Table 1
also provides links to additional examples in the literature.

These models offer varying levels of challenges, learning outcomes, and regulatory
involvement from the university, and all other students’ descriptions of WIL experience
were categorized under those arrangements. Next, we will describe those arrangements
further and use an exemplary example from the literature to describe them. Briefly, the pro-
ductivity WIL experience was overlapped, the gymnasium WIL a boundary practice, and
the BIM course WIL a periphery.

Overlapping connections

In overlapping connections, there is integration between university and company built
through similar procedures, objects, tools, etc. (boundary objects) but with slightly differ-
ent interpretations in each community. The connection between companies and universities
must be encouraged and supported in order to ease students’ participation. For instance,
student #20 commented that a disconnection can arise from disparities between the compa-
ny’s practices and the course requirements, which cannot be part of overlaps connections:

“They were all still old school sticking to construction drawings. The PM uses an
iPad, but no model was used.”

The instructor is responsible for creating a classroom environment that closely resem-
bles what students may experience in a company. Overlapping connections are meaning-
ful when there is a need to align specific learning outcomes by establishing a connection
between the company and the university using various boundary objects. Typical imple-
mentations that fall under overlaps connections include guided company visits, company
talks, or workshops held at the universities. For instance, former student #3 described that
had another WIL experience:

“We had field visits. We had some of those. Yeah we had an estimating scheduling
... Like guest lectures and stuff like that. It was pretty interactive.”

In the program, students are not generally expected to develop brokerage skills. Instead,
the instructor and company workers take on the role of experienced brokers and introduce
students to the process of connecting both communities. Students are likewise not expected
to become fully immersed participants in the companies but become peripheral members.
This type of experience was described by student #43 in the course evaluation:

“In my previous jobsite visit experience. I didn’t have chance to interact with dif-
ferent positions in the site. I just supervised by a certain person and only had direct
interactions with him.”

In overlapping models, it is crucial to ensure that companies involved have in com-
mon the use of the relevant learning objects for the class and that the usage of those
objects aligns with the meaning that the class provides to those objects. For example,
in an introductory general chemistry laboratory where students learn about procedures
and safety instructions, a company could be invited to showcase its safety protocols and
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Fig. 1 Models of WIL experiences

their implementation. Overlapping arrangements are not aimed at developing students’
brokerage skills; instead, they support learning new objects used in the companies. For
instance, former student #2 commented how, in a previous WIL experience, with two
visits to the worksite during the semester, they learned specific information:

“I had one, it was regarding the construction productivity, which was good, ... try
to understand how the behavior of a worker is... the Wednesday will be the most
productive. day of the week.... I just learned about it in the course, but when I
went on the industry ... I did find out, oh it’s it’s true that.”

Ponikwer and Patel (2021) offer an example of creating a professional CoP atmos-
phere within a classroom setting. Their approach involves a game-based learning activ-
ity where students are divided into groups to evaluate, create marketing strategies, and
deliver a promotional speech to sell chemistry equipment. The classroom is transformed
into a professional environment by bringing cameras and formal dress and assessing
presentations, speeches, and reports in formats commonly used in the industry. Students
engage in small projects or use tools (boundary objects) commonly used in the industry.
In this experience, students do not have a primary role in brokerage skill development.
As former student #1 comments, in an overlapping experience, he learned some tools
for tracking construction productivity by visiting an industry as part of the productivity
course.

Boundary practices connections

In boundary arrangements, companies and universities expand their boundaries to create a
new community centered around specific practices. These models of integration have also
been referred to as "third spaces" in the literature and are centered on facilitating fruit-
ful collaborations among faculty, students, and industry professionals. Boundary practices
spaces are shared and highly collaborative environments that are sometimes located on the
university campus but are "governed" by and represent the workplace cultures of the com-
panies involved. For instance, a company worker who was involved in a WIL experience
with a boundary practice approach, where their company was situated within the univer-
sity as a subcontractor and received students for the BIM class, provided the following
comment:
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“We partnered with several groups ... because you know we were out there for three
years. And I think that it was good to see them like trying to solve challenges that we
face in the field.”

Effective boundary practices require strong commitment and engagement from both the
company and the university, as establishing these involves extending beyond their respec-
tive borders. Companies need to see direct benefits from their involvement, and universities
must ensure that they offer advantages and create win—win situations (Xia et al., 2015) to
incentivize collaboration and secure funding. For instance, worker #2 describes:

“I would say that that class had started to develop more into something ... I think
that like seeing them kind of present us like opportunities or rooms for improvements
saying like hey we noticed that this is how y’all do it.”

In some cases, boundary practice arrangements may be established outside the uni-
versity campus, but with strong collaboration between the university and the company
involved and a strong presence of members with double membership (members of the uni-
versity and workers), which facilitate the student’s membership and participation in the
workplace. For instance, former student #4, involved in a boundary practice, described:

“We started going or then after the meetings were over, the superintendent accompa-
nied us to the job site. And he made us introduced to their like to his subcontractors
that these are students at NCSU and they will be working with us for the next couple
of months ... he made us feel a sense of ownership.”

Students are expected to participate and engage fully and actively in the third space.
They may work on projects, complete courses, or undertake internships. The advantage
of these spaces lies in their design to accommodate and promote the rapid development of
new members, fostering Legitimate Peripheral Participation.

The work of Villani et al. (2017) provides valuable insights into boundary practices that
foster closer collaboration between universities and companies. The study reviews three
Italian universities and their Technology Transfer Offices (TTOs), University Incubators
(UIs), and Collaborative Research Centers (CRCs). They provide a detailed description
of the different types of involvement and expected outcomes in each of these spaces. For
instance, Uls promote direct collaboration and physical relationships, facilitating open
conversations. On the other hand, CRCs focus on directing collaboration and establish-
ing physical relationships that are more organized and centered around specific research.
Thus, TTOs, Uls, and CRCs examined by the authors are all considered boundary practice
spaces. These spaces encourage active participation from both companies and universities,
offering students the opportunity to transfer and engage in specific activities, particularly
through WIL experiences. A boundary practice was also described by former student #1
by working as an intern in a sub-contract company that oversaw remodeling a university
building, and his navigation of the legitimate peripheral participation in that company was
smoother.

Peripheral connections

Peripheral settings do not focus on established boundary object connections between
universities and companies; instead, students are expected to develop brokerage skills.
This model is the closest to the experiences that the student will have within the compa-
nies upon graduation. We found that our BIM course offers this experience as all former

@ Springer



Higher Education

students recognize a strong connection and similarity to real work. Here are some of the
former students’ comments in the interview.

“I come from a very design background ... I did not have a lot of exposure to the
site... So coming into a construction company when I would have rather felt very
lost if T hadn’t. taken this course, so it kind of because we were on the site, you
know, I was able to see the process myself, I know how they put the form work, I
know how they weld the dry sheets, I know how they do a lot of things.”

Student #15 also commented:

“I felt this course is very enriching... I am taking away with me many useful
learning experiences which will help me in my professional life.”

Even though in the peripheral model, students work more independently and are
firmly situated in companies, universities should establish minimum standards for the
internship site. Companies use university and students’ insight to allocate students’
duties and also ensure that students will be properly involved in what they are expected
to do and their needs. From a course evaluation, a student provides a concrete example
of some misalignment:

“Our site mainly used the 2D drawing, which was different than the mainly 3D
drawings in class.”

Similarly, in an interview, another student expressed that their construction company
did not use 3D modeling at all, which impacted their experience in the course:

“I don’t like how I feel like our project has significantly more work. We have
to like research what we’re going to be doing and finding a new program from
scratch to do ... we didn’t have a 3D model. We had to make it complete by our-
selves.”

The main motivation for the peripheral connections is to generate a win—win situa-
tion (Diaz et al., 2022a; Xia et al., 2015), where companies clearly identified benefits
from students’ ideas that can support company activities, and students learn to fit into
the company. The university is responsible for preparing students to make that happen
and ensure that student’s interests and company assignments are aligned. For instance, a
company worker recognizes the value of hosting students:

“[Tlhey were in the BIM course. They went ahead and modeled the project for
their coursework, and, at the end, they showed us 3D simulations ... it really
helped us understand where construction was going ... Because we were not doing
all of that and. After that, we started doing some 3D modeling ourselves as well,
so I think them doing their initial effort was a good contribution to our company.”

This bidirectional benefit was also commented on by a former student:

“[T]he company is open to more students involved in some of the projects, so they
can I mean the company learn as, at the same time, the students learn from the
company.”

Not all peripheral settings will offer students a bi-directional broker role. Indeed,
the most common implementation of those arrangements takes place close to gradua-
tion when they have very little opportunity to transfer that new knowledge back to the
university.
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Scaffolding WIL experiences (RQ2)

The successful implementation of WIL experiences must be dynamic and adapted to
students’ previous experiences. From the course evaluation, we identified nine stu-
dents (12% of the total responses) with a low value for the BIM course experience. For
instance, one student classified with a very low value commented:

“I did not perceive any value in visiting the site worth doing it.”

After carefully reviewing students with low satisfaction or those who did not rec-
ognize high value in being in the workplace, we identified that all of them have previ-
ous work experience, and the BIM course did not present new challenges to them. For
instance, student #38 commented:

“I had an internship during summer thus there was nothing much different apart
from the forms of the topics.”

A similar pattern was found with former students. The only one of the five interview-
ees who perceived a low value in the course mentioned that the WIL experience did not
provide new challenges compared to their previous experience. When asked, “What are
the new tools, concepts, or techniques that you learned in the course?” she responded:

“I’m not sure what you were expecting but. Before joining the course I had some
work experience, and I was mostly exposed to Revit and Naviswork, so I mean
when you are asking about any code word or any. Specific words related to the
course don’t ring a bell to me because it’s inculcated like it’s already there in me.”

However, other students commented on how they struggled during the course due to
a lack of previous experience in the worksite, and they found the course expectations to
be challenging. For example, a student described that the challenges of the course were
higher, and additional class content could have been beneficial to them.

“Learning BIM videos and all of its tools was very difficult at first and took a huge
amount of time. I wish it would have been more in depth with lectures that teach
it.”

Student #7 recognized that BIM tools were boundary objects used in the company
and university. However, students were still expected to develop strong brokerage skills
as the manner used in the classes differed from how they are used in the industry.

Another student also mentioned that learning the software presented a complex
challenge:

“Although the task to create model was simple, the major challenge was to learn
the software that should not have been the case. The course should have utilized
more effort to improve model than to create it. The hand as a were mostly on Revit
which was barely used as the model was provided by company.”

Student #57 also describes that the class should provide better legitimate peripheral
participation to facilitate students’ participation and mastering the new tools used in the
industry.

The type of connection and challenges presented to the students should be novel.
Design of WIL experiences should consider students’ level of experience.
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Additionally, WIL experiences are not necessarily meant to be implemented only at
the end of students’ training; they should be implemented throughout the students’ cur-
riculum, as mentioned by a company worker:

“I would say it’s hard to learn some of these things at school, it’s just you gotta
get your hands dirty and work before. You can learn a lot of skills on the field, so
I think this is what the students, need to be doing, maybe they can start out early
during their freshman or sophomore year joining these coursework rather than
waiting until their senior year.”

Expectations and learning outcomes should vary between students in their initial
years and those at the senior or graduate level. WIL must adapt to students’ experiences
and expectations should acknowledge the diverse challenges that individual students
might face. In this regard, we propose that the training of students to participate effec-
tively in the workplace should constitute a scaffolding. This scaffolding exposes students
progressively to the industry, developing essential skills that can then be refined as they
transition into the professional realm. As they progress, they will need less scaffolding,
and WIL experiences can progress from overlaps and boundary object-focused connec-
tions to peripheries where students become more central participants and brokers.

Scaffolding in learning entails employing teaching methods that assist learners in
grasping concepts beyond their independent capabilities (Wood et al., 1976; see also
Vygotsky & Cole, 1978). Students must have a scaffolded learning experience where
they can develop the skills needed in the industry. To create meaningful WIL expe-
riences, universities, instructors, and other stakeholders must offer a combination of
arrangements that facilitate a smooth transition and positively impact companies. Using
the three models of WIL arrangement, overlaps, boundary practices, and peripheries, we
propose a scaffolding model that can be implemented in different stages of student train-
ing (see Fig. 2). Note that the sequence in which these mechanisms occur differs from
Wenger’s initial presentation (1998), which places boundary practices first followed by
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Fig.2 Integrating WIL models using a scaffolding learning experience
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overlaps and finally peripheries. Our proposed sequence aligns the challenges and stu-
dents’ engagement according to their training and academic progress.

We propose implementing overlapping connections for students who have limited or no
previous experience in the field. These connections should serve as their initial exposure to
a real workplace environment. Small projects can be used to engage companies and involve
them in classroom activities.

Next, boundary practices represent an intermediate step suitable for students who are
interested in pursuing undergraduate studies in applied fields or graduate studies with a
direct transition to the industry. Building boundary practices arrangements requires sig-
nificant institutional efforts from the companies involved, making it less commonly used
compared to other WIL models. Moreover, this arrangement can be utilized for multiple
students and across various courses.

As a final stage of the student’s development, the peripheral models are recommended
for students who have previous job experience or have received a large number of hours
of workplace training. This model seeks to help students develop brokerage skills. Stu-
dents are expected to become full participants in companies and participate in win—win
exchanges (Xia et al., 2015; Diaz et al., 2024). Those experiences can be within a course
and take place during the whole semester.

Discussion

Universities have failed to provide the skills students need to support a smooth transition to
industry (Perez-Encinas & Berbegal-Mirabent, 2023). Facilitating students’ transition from
classrooms to worksites must go beyond simply letting them spend time in internships
(Holyoak, 2013). Teaching and learning practices that aim to facilitate students’ transition
to the workforce must ensure that students’ experience will be value driven, significant, and
safe, and activities progress over time (Sadler, 2009). The cooperation and coordination
between companies and universities play a critical role in providing a smoother transition
to companies (Arranz et al., 2022; Romgens et al., 2020). In response to various policies
and documents underscoring the imperative to enhance qualified graduates’ quantity and
diversity (National Science Foundation, 2020; Engineers Australia, 2022) and recommen-
dations by other researchers (Arranz et al., 2022; Downs et al., 2024), universities have
initiated teaching and learning strategies to afford students genuine exposure to real-world
work settings. Nonetheless, they have often consisted of exposure to workplace environ-
ments without systematic planning for the attendant benefits and learning outcomes. Addi-
tionally, the assimilation of work-related elements into the university experience has pre-
dominantly centered on producing graduates with enhanced employability (Bjorck, 2020,
2021) or work-readiness (McManus & Rook, 2021), often at the expense of prioritizing a
comprehensive understanding of students’ immersion in these strategies.

Grounded in Wenger’s (1998) foundational work, three distinctive interaction modes
between universities and companies are proposed: overlaps, boundary practices, and
peripheries connections. Large-scale WIL implementations are encouraged to employ pro-
gressive implementation levels, starting with overlapping arrangements and gradually mov-
ing toward peripheral models as students advance in their curriculum. Developing more
scaffolded WIL experiences aligns with Onyido et al.’s (2022) proposal for a three-phase
placement model: pre-placement, intra-placement, and post-placement. Pre-placement is
envisaged as embracing overlapping models, characterized by robust affiliations between
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universities and companies. The primary expectation for students during this phase is to
develop a familiarity with the distinct practices of companies. Several strategies fall within
overlapping models, including company visits, companies’ workshops on university prem-
ises, informative talks by industry representatives, and immersive classroom settings that
emulate workplace environments. These encounters share a common aim of affording stu-
dents controlled early experiences wherein they can acclimate to the environment, facili-
tated by close instructor support. After these introductory experiences, students may be
exposed to more demanding tasks, such as team-based projects related to companies or
developmental class projects integrated with industry themes, consistent with the boundary
practices connection. Lastly, students may be prompted to partake in a learning endeavor
that situates them as peripheral members within a company. This phase necessitates nego-
tiating participation, progressing toward full integration through Legitimate Peripheral
Participation. These advanced experiences encompass internships, cooperative education
opportunities, or specialized class projects tailored for senior students.

While we classified the different WIL experiences within the three categories, it is also
important to recognize that different instructional and contextual approaches can lead to
different WIL experiences within each of the three proposed arrangements. For example,
in peripheral models, students might be grouped to work within a company in small teams
(two to three members) instead of participating individually. Although, in both cases, the
development of brokerage skills remains a primary expectation, working in small teams
can make it easier for students to negotiate their participation and integrate as insider mem-
bers within the company.

WIL must be tailored to the personal experience students may have to ensure more
effective scaffolded learning (Brooks & Timms, 2023; Hockham & Wallis, 2023) to create
more authentic learning experiences that will facilitate students’ transfer of their knowl-
edge to real work for all (Hagvall Svensson et al., 2022). For instance, if students struggle
to negotiate their participation in companies, the instructor could assign a sponsor member
for the company to facilitate the student’s participation.

Moreover, one of the primary practical challenges in implementing WIL experiences is
the evaluation process (Boud et al., 2023; McNamara, 2013). Clearly defining the type of
connections being established between universities and workplaces (as outlined in our pro-
posed models) can help clarify the learning outcomes and expectations for student involve-
ment. By articulating clear objectives and outcomes for WIL experiences, communication
between instructors and company staff becomes more straightforward, enhancing the over-
all experience for employers as well (Crawford et al., 2023). A WIL model that takes into
account students’ backgrounds while addressing the complexities of mastering brokerage
skills and engaging with new boundary objects must also incorporate personalized evalua-
tion methods. These methods should acknowledge individual differences and provide equi-
table mechanisms for assessing student participation. Understanding how boundary objects
and brokerage skills shape distinct WIL experiences allows instructors to design and evalu-
ate more authentic and meaningful WIL opportunities (Ajjawi et al., 2021).

For example, when applying an overlapping connections model in WIL, the evalua-
tion could focus on students’ engagement and their reinterpretation of specific boundary
objects. As illustrated earlier, consider a scenario where students visit a laboratory dur-
ing a chemistry course to learn about safety procedures. In this case, the evaluation might
highlight the key similarities and differences between the safety protocols used by compa-
nies and those practiced in the university laboratory while emphasizing the objectives and
relevance of these protocols. Conversely, an evaluation framework that assesses students’
contributions to workplace safety protocols or their negotiation of roles as more active

@ Springer



Higher Education

participants within a real-world laboratory would be better suited to peripheries or bound-
ary practices models.

Pre-assessment activities could also add value to the WIL experience. For instance, in
the overlaps model, where students participate in a 1-day company visit in teams of four to
five, the instructor could require each team to prepare a list of questions to ask company
representatives. These questions could then be assessed post-visit, accompanied by a brief
presentation in which teams share their insights with their peers. This approach not only
enhances the students’ learning experience but also fosters a collaborative environment
where new knowledge is shared with the class.

Limitations

Despite the extensive data collection and in-depth data analysis conducted, our study used
several years of data from a single course at the same institution. Additionally, the context
where this study was conducted is a highly research-intensive university where students’
expectations of translating the research into real work may vary from an institution with a
different focus. Finally, our model is strongly related to engineering students and profes-
sionals as a representation of a STEM discipline.

Conclusions and future work

In response to the worldwide need for more field experience for STEM students, WIL
experiences have become common strategies. While WIL experiences provide a real-world
context for students to acquire new tools, vocabulary, procedures, and other skills that can
be valuable in their transition to the workforce, merely being in companies does not ensure
a meaningful learning experience. For students to have meaningful participation, they must
be engaged in the practices, and the workplace must offer legitimate peripheral participa-
tion through which students can negotiate their roles and contributions.

Furthermore, while we agree that learning is situated in context, this does not mean
that all learning or activities acquired in companies are valuable or contribute to students’
development (Sadler, 2009). To address this, we presented a conceptualization of WIL
that goes beyond having students merely spend time in companies without proper support,
specific aims, and carefully designed structures and procedures to guide their increased
participation.

Built from CoP theory, we have conceptualized different arrangements in which WIL
experiences can take place. These arrangements offer a vision for how these experiences—
from short company visits to semester-long independent internships—can be seamlessly
integrated into the curriculum at different stages, rather than waiting until the end of aca-
demic training.

To construct a bridge that effectively facilitates students’ transition between academic
institutions and corporations, thereby equipping them to make a meaningful impact and
fulfill the workforce demands, it is imperative to critically evaluate the interface between
the two communities (companies and universities). We propose a conceptual framework
illustrating how universities and companies can synchronize their practices and, more
significantly, elucidate the learning outcomes and student expectations linked with vari-
ous engagement models in WIL experiences. This conceptual framework directs attention
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toward the commonalities between universities and companies, the pivotal brokerage role
students must assume, and the integral aspect of Legitimate Peripheral Participation that
students encounter within workplace environments.

The most critical concept to fully understand is that Legitimate Peripheral Participation
is a process of negotiating participation, where individuals transition from being outsiders
to becoming more central members. This process is situated within companies, and while
the practices, tools, and objects promoted are relative to specific activities, the negotiation
of participation is an individual-dependent process. Every student has unique needs and
backgrounds, making their negotiation a unique process. As previous research has found,
WIL experiences can perpetuate inequitable practices, making them more challenging for
students from underrepresented groups. The assumption that all WIL experiences are valu-
able is erroneous, as it may overlook the need for adaptation to students’ differences. For
more equitable WIL practices, accommodations must fully align with students’ diverse
needs.

It is important to highlight the dynamic nature of our proposal. To make WIL mean-
ingful for students, we must consider their diverse backgrounds while implementing these
experiences in a way that gradually increases challenges and engagement. As proposed
by Wenger’s Community of Practice, there are three phases in the negotiation of identity:
engagement, imagination, and alignment. Models of WIL implementation should help stu-
dents negotiate their identity as professionals. Alignment involves visiting companies or
hosting companies on campus (overlap connections model), allowing students to find com-
mon ground and shared activities/objects of interest. Boundary practices are intermediate
phases students participate in some activities within companies but without formal mem-
bership. Using boundary objects, students begin imagining themselves as members of the
industry community. In this peripheral model, students engage fully in workplace activities
(full immersion model), strengthening their participation and identity as workers within the
company.

Clearly defining the challenges and expectations in each WIL experience could facili-
tate practical implementation. For instance, in an overlap model, evaluations should focus
on identifying boundary objects. Students visiting companies should be able to recognize
how procedures, tools, and other elements taught at the university align with those in the
industry. A student report identifying boundary objects could serve as an effective evalu-
ation tool. In boundary practice and peripheral models, the evaluation should center more
on brokerage skills and the operationalization of boundary objects (beyond mere identifica-
tion, as in overlap models). Evaluation should assess how students negotiate their partici-
pation in workplace settings.

Finally, while we have operationalized WIL experiences into three major models, the
pathway through them may vary based on context. For example, in this research, conducted
at a large, highly research-intensive university, we identified a third space—companies
located on campus but not administered by the university. However, smaller community-
based institutions may have strong connections with local organizations, which are already
familiar with the university environment. In such cases, the transition into internships may
be less challenging, and third-space WIL experiences may not be necessary. Instead, uni-
versities should focus on improving alignment with external organizations.

Our research focuses on physical WIL experiences, and future research is needed to
explore how online WIL experiences (particularly boundary and peripheral practices)
could be facilitated or made more challenging for students’ participation and negotia-
tion processes. We believe that online internships could serve as an intermediary between
boundary and peripheral practices because students would still require a strong imaginative
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process for negotiation. Physical presence, however, can facilitate engagement and identity
formation processes.

Additionally, considering the digital modern era we live in, it is important to explore
how digital competencies can be developed in online WIL settings. Particularly after
COVID-19, we have observed a forced transition to online or hybrid settings across several
industries. In these scenarios, students must be prepared to participate and effectively uti-
lize digital competencies.

While this paper provides a theoretical foundation for understanding different WIL
experiences and key aspects of implementing WIL effectively, challenges remain for practi-
cal implementation. Establishing clear criteria for company selection, evaluating company
workers and instructors, and assessing student reports are crucial steps. Future research
will address these challenges and further enhance the understanding and implementation of
WIL using the CoP framework.
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