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Introduction

Spring 2020, Northeastern, USA. Marcelo' was a student in an internship with a pharma-
ceutical company when the COVID-19 pandemic began. He had been working in the lab
for ten days following others and learning techniques for himself. Then, everything
stopped. The university closed and moved online; his internship went on pause; the
region went into lockdown. Two months passed, and he was finally able to start work in
his internship again with the same employer, only this time, remotely. For the first time
in his daily reflection, he described his struggles at the internship in a different way, expres-
sing uncertainty on what to do: ‘[I] Was unable to determine necessary instructions at first
but was able to resolve on my own. Awaiting supervisor’s response for assignments.’
The COVID-19 pandemic accelerated existing trends toward more flexible remote and
hybrid work arrangements that are predicted to continue despite current pushes for
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‘normality’ (Gallup, 2022; Molla, 2022). This shift presents a challenge to colleges and
universities as they prepare students for the next generation knowledge economy.
Despite many challenges associated with the pandemic, this time of critical change
afforded an opportunity to explore emerging patterns in student internships and
gather insight for supporting 21st workplace readiness. What were originally in-person
experiences in a variety of workplaces abruptly changed, having a significant impact
on the nature of students’ experiential learning. The case study described in this paper
explores student internships from the Spring of 2020 through the Spring of 2022. We
specifically focus on how students contended with their professional development
amidst changing patterns in workplace practice, community and culture.

Theoretical framework

While experiential learning has been considered an important way for students to
enhance their academic learning, particularly for underserved students (e.g. Christian
et al., 2020) contextually situated features (i.e. intersectional contexts) make this argu-
ment not entirely true (Holyoak, 2013; Hora et al., 2021). Effective learning requires
developing more than students’ conceptual science understandings. For traditionally
underserved students, it particularly involves supporting technical and professional
skills as well as students’ agency and network (Basu et al., 2009; Hora et al., 2021). In
the following sections, we unpack these elements, first exploring what employers view
as important workplace skills.

Reframing and valuing ‘soft skills’ as workplace practices

Much of the literature points to employers seeking more than technical knowledge and skills
from entry-level university graduates. The terms used to describe these capacities vary, com-
monly referred to as ‘soft skills’, but also professional skills, social skills, and twenty-first
century Competencies. These are not clearly defined, encompassing a range of skills (e.g.
Finley, 2021), competencies (e.g. Parlamis & Monnot, 2019), and attitudes (e.g. Byrne
et al,, 2020), yet are viewed as critical to success in the workplace. In business management
literature, Parlamis and Monnot (2019) made the case for shifting from the framing of soft
skills which, contrasted with ‘hard skills’, denote something secondary and less rigorous to
CORE skills: Competence in Organisational and Relational Effectiveness. They described
this as a fundamental skill set that focuses ‘on the human side of business” inclusive of critical
thinking and social skills, noting that one 2012 study found integrity, interpersonal skills,
responsibility, teamwork, and work ethic to be among the top ten attributes in today’s work-
place (p. 226). A more recent report on employer views of college and university student
workforce preparedness by the Association of American Colleges and Universities
(AACU) found that employers valued applied and experiential learning for students, particu-
larly in the form of internships, as well as characteristics like the ability to work in teams,
critical thinking skills, leadership, and creativity, among others (Finley, 2021).

Pelligrino and Hilton (2012) moved from a more nebulous list of skills to competency
clusters divided into intrapersonal, cognitive, and interpersonal domains. This three-
dimensional framework (Intrapersonal, Interpersonal, Cognitive) has gained traction
in Science Education as ‘Twenty-First Century Competencies” (National Research
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Council, 2012a), where the measurement of these competencies has been established
through a lens of ‘practice’ (National Research Council, 2012b). Research in Science Edu-
cation has long pointed toward the interwoven nature of knowledge and skill, wherein
learning general reasoning strategies (e.g. mechanistic reasoning and critical thinking)
is linked to domain knowledge and awareness of situational features (e.g. Ruppert
et al, 2019; Schauble, 1996; von Aufschnaiter et al, 2008), challenging a ‘skills’
framing for workplace readiness. Following suit, we might look at workplaces in a
similar way applying competence to context; that is, centring focus on workplace practice
(verb). Importantly, however, application of knowledge and skills that make up the
twenty-first century Competencies to professional as well as civic contexts is likely not
straightforward; development and expertise is highly situated.

Situated cognition and the role of context in knowledge analysis

Science concepts ‘are both situated and progressively developed through activity, and are
not some sort of abstract, self-contained, substance. Instead, it may be more useful to con-
sider conceptual knowledge as in some ways similar to a set of tools’ (Brown et al., 1989,
p. 33). For example, learning about Natural Selection as a concept is ineffective for deep
learning; however, using Natural Selection as a framework for developing explanatory
models and predictions showcase the use of the concept as a ‘tool’ to make contextually
situated models and predictions (Passmore & Stewart, 2002). As students learn to use
knowledge as a tool, situational features complicate the neat assumptions of conceptual
science ideas and learners need multiple contexts to help parse the generalisations from
situational features and learn to effectively use science knowledge as a tool (Duncan, 2007).

Both schools and workplaces are culturally entrenched in the idea that it is necessary to
know ‘the important’ abstract knowledge before engaging in professional practice (Brown
& Duguid, 1991; Orr, 2016). In workplaces, canonical training tends to fall short of
helping novices develop situated awareness underlying workplace practices (Orr, 2016).
Research regularly indicates that developing deep learning of science concepts is inseparable
from practices using them (e.g. Ruppert et al., 2019), yet this cultural tradition leaves many
students having ‘learned’ science concepts, while struggling to effectively use them as tools
applied to situations. In real-world situations, science is used as a heuristic tool to unpack
situational features rather than as a set of facts (e.g. Roth & Lee, 2002; Ruppert et al., 2022).

Prior research suggests that engaging in experiential learning itself does not directly
mean students are developing those sought-after links between knowing and doing
(Amin & Roberts, 2008; Holyoak, 2013). Given the often-contextualised nature of intern-
ships, it is still plausible that despite the immersive, active, and authentic learning of the
internship, without exposure to different employees working on different projects,
interns may not develop the desired situated cognition. This is particularly important
to reflect on with a shift to a more remote workplace, where fewer individuals may be
physically present to interact with.

Distributed cognition in a community of practice

As stated earlier, workplace immersion gives students opportunities to interact with
different people working on different, but related projects. It also affords discussing
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colleagues’ roles in their collaborative enterprise as a community of practice (Alzen et al.,
2020; Lave & Wenger, 1991). Such discussions may form a basis for learning about dis-
tributed cognition in the workplace such as gaining a better understanding of the roles
interns might play and a more realistic expectation of knowledge needed for entry-
level success (Winsor, 2001).

Like one’s developing understanding of the role that science concepts play as tools in
framing contextually situated reasoning, understanding the community of practice and
the role T might play in it also takes time to develop. As students transition from per-
iphery to ‘insider,” we expect to see a shift in their language and a movement toward
richer insider identity, shifts that importantly require legitimate participation (Lave &
Wenger, 1991). Importantly, interns should be constructively contributing toward inno-
vation through authentic activities with deliverable outcomes to the organisation or com-
munity (McAdam, 2000; Popadiuk & Choo, 2006); however, peripheral participation can
take many forms over the course of the transition to insider/master of craft. This might
include initial observing/shadowing to working alongside a master on smaller, more con-
crete tasks, to more independent work though not necessarily as a linear flow of
development.

Early research in Communities of Practice explicitly defined them as ‘face-to-face
interaction between members working in close proximity to one another, in which iden-
tity formation through participation and the negotiation of meaning are central to learn-
ing and knowledge generation’ (Amin & Roberts, 2008, p. 355). Scholars have challenged
this ‘face-to-face’ restriction, highlighting a phenomenon called ‘online communities of
practice’ where joint-sensemaking and problem solving can still stimulate norms of reci-
procity (e.g. Wasko & Faraj, 2005). This follows earlier work extending the traditional
‘community of practice’ frame. Hutchins (1995), for example, pioneered a novel view
of distributed practice where the ‘community’ is no longer a physical member but
stored in memories (as physical cards), which the current worker engages with to help
land a plane. Similarly, on Wall Street, stock traders have a clear workplace interaction
that is built into their trading floor with clusters of specialists at desks to whiteboards
and clear sight lines to read reactions, but Beunza and Stark (2004) also challenged the
notion that Wall Street is bound by the four walls of the building. Like the pilots in a
cockpit, Wall Street traders interact with Bloomberg terminals and other elements of a
sophisticated socio-technical network.

This ‘hybrid’ view of communities of practice is particularly relevant in a post-pan-
demic world where many workplaces are debating the merits of in-person office work
(Gallup, 2022). Unfortunately, research in online ‘communities” of practice has limited
development related to novice peripheral engagement in more traditional communities
where students might normally work alongside craft ‘masters’ and, as highlighted
earlier, be given the opportunity to engage with others in the organisation to learn
more about the distribution of labour. More traditional face-to-face observation/shadow-
ing may be clouded in online communities of practice. Lacking or being limited in this
phase of legitimate peripheral participation, the research question we explored is: What is
the extent to which students’ understanding of distributed as well as situated cognition in
communities of practice can change in the shift to online/remote internships? This ques-
tion, while more narrowly positioned in the context of the fully remote work that took
place during the COVID-19 pandemic, has important implications for how we might
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understand how learners’ legitimate engagement may be affected as more members of the
workplace community of practice spend more of their time working remotely.

Methodology

The larger project within which this study is based consists of longitudinal, design-based
research (Leedy & Ormrod, 2005) investigating the process and outcomes of transforma-
tive STEM internships for third and fourth-year undergraduate students. Multiple
methods were used to collect primarily qualitative data, including interviews with stu-
dents post-internship, student daily and final reflections, artefacts from the internship,
pre and post internship surveys with students, and supervisor interviews and surveys.
For this case study, a subset of these data were used to capture a set of learnings from
the experiences of students during and after COVID-19-related transitions in their
internships.

Research design

We employed a qualitative case study methodology using Merriam’s (1998) view that it is
an ‘intensive, holistic description and analysis of a single instance, phenomenon or social
unit’ (1998, p. 27). This paper uses an activity-focused case (Patton, 2002) centred on uni-
versity student experiences in a programme during a critical incident, the COVID-19
pandemic. There are also two embedded temporal units within this case (Yin, 2012), cor-
responding to shifts in the pandemic, from a time when students experienced a sudden
change in their internships due to COVID-19, to a time period where most if not all of
their internship experience was completed virtually from the outset.

Case sampling

We used typical-case, purposeful sampling (Patton, 2002) based on qualitative profiles of
student experiences, documented below, in order to illustrate typical patterns and
characteristics from just before to during the COVID-19 pandemic. Several students
experienced an abrupt shift in the period in March of 2020 when the U.S. began to recog-
nise a forming pandemic and schools and workplaces began to abruptly change how they
operated. Students were operating under one set of conditions, then had to pause and
shift to another set of conditions and circumstances. As the pandemic progressed
from the time period of the fall 2020 and spring 2022, most students began their intern-
ships under remote conditions and the expectations were in line with this type of experi-
ence; however, some had hybrid and in-person experiences toward the later part of this
period.

Internship programme context

The internships described in this study were part of a United States National Science
Foundation-supported programme supporting Hispanic Serving Institutions in Higher
Education. This programme, TREX, short for Transformative Experiences, provides
grant-paid internships in STEM. These experiences are funded for the first 60 h of
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work. TREX targets students entering their third or fourth year of university education
(typically ages 20-23) with a 2.8 or higher Grade Point Average on a 4 point scale, major-
ing in at least one of the following majors: Biology, Chemistry, Biochemistry, Biotechnol-
ogy, Physics, Mathematics, or Environmental Science. Students participating in TREX
internships identified as 22.2% male and 77.8% female. The largest self-identified ethnic
groups represented among the TREX participants are 48.8% Hispanic/Latinx and 17.8%
African American/Black. Students accepted into the programme complete an asynchro-
nous welcome orientation, are invited to monthly group discussions called “TREX
Talks’, and are given three mentors to support their experience. These include the work-
place supervisor, a full-time faculty member, and a dedicated STEM internship coordina-
tor. Faculty mentors are asked to meet at least three times with the students during their
experience to develop students’ intrapersonal, interpersonal, and cognitive capacities.

To stimulate student communication with their mentors as well as encourage self-
reflection, they are required to complete daily reflections that can be reviewed by each
of their mentors. These reflections ask them to tell stories of moments when they felt suc-
cessful as well as struggled. After completing the first and last thirds of the internship,
students are asked to reflect further on their experiences and respond to questions
probing their understanding of the connection of their work to others in their commu-
nity. Among the questions:

What is the impact of these successes on your personal future? How do you believe you work
is impacting others? What are limitations of your current work toward improving the
future? How do you rectify these limitations or what ideas do you have about transforming
your field of work to better address these limitations?

At the conclusion of the internships, students shared their overall insights in a final
reflection, answering questions about areas of growth and change, from specific skills
and strategies, to views of themselves as civic actors and STEM professionals, and
their overall understanding of the STEM field.

Data sources

Data sources included: interviews with TREX programme participants, daily and final
reflections, and workplace artefacts. The interview guide consisted of questions about
intern’s experiences at their respective sites, including what they learned about them-
selves, the workplace, and STEM careers more generally, their relationships with super-
visors and mentors, and how prepared they felt going into the experience, as well as areas
of programmatic success and improvement. Data were also drawn from products made
by students in the course of their internships. These workplace artefacts varied, but
included social media campaigns, public presentations, and website material. Taken
together, data from each of these sources were used to compose a fuller picture of the
case examples.

Data analysis

Data from these various sources were compiled and transferred into the qualitative data
analysis software Dedoose. Through an iterative process, the research team reviewed a
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subset of the documents fitting within the defined time period of the COVID-19 pan-
demic. A set of initial codes and analytic memos grounded in the data were developed.
The research team compared coded materials, and after discussing areas of commonality
and disjuncture, revised the coding categories. Themes emerged based on observed pat-
terns within the subset of cases.

Credibility and authenticity

Rather than rely solely on one-time student interview data to inform this case study, we
examined corroborating evidence across multiple data streams, including student reflec-
tions and other artefacts, over multiple time points. Specifically, student reflections were
collected across, roughly, three-month periods, better capturing patterns of change and
not only perspectives in a particular moment. In addition, we used collaboration and peer
debriefing as tools to help establish credibility (Creswell & Miller, 2000). Specifically,
early in the project, but after the research questions were developed, we enlisted under-
graduate STEM co-researchers who both did and did not participate in the internship
programme. They were involved in developing and providing feedback on the various
research instruments, conducted the student interviews, and are part of the ongoing
research meetings discussing data analysis and coding. Also built into the programme
and study design is consultation with an external partner-evaluator, which functions
as a peer debriefing. We confer with her regularly on the research, particularly with
the development of the various data collection tools. With this feedback, we have
revised our processes, questions and prompts over time so that overall, the tools we
use can be more credible and authentic.

Findings

We present an analysis of shifting workplace practices around two analytical lenses for
which significant changes emerged in the transition from in-person to remote intern-
ships. These include:

(1) Distributed cognition in a community of practice
(2) Situated cognition and context

These findings are nested in utterances from students who had either: (a) com-
pleted their internships during the Spring of 2020, during which they experienced
a sudden shift in the nature of their internships as a result of the COVID-19 pan-
demic, or (b) spent at least a majority of their internship remotely. This critical inci-
dent in time presented unanticipated and unique challenges, not only because of
changes to the types of internship activities but because we were in an area where
the community suffered many losses. Nevertheless, these shifts also offered insight
into both what students find meaningful as well as the ways in which different
types of work and exposure to the in-person workplace may affect learning. Table
1 contains a brief portrait of the students highlighted in Findings. These portraits
contain exerpts of their own STEM interests and aspirations as well as their focus
of study (major) and type of internship.
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Table 1. Student portraits.

Marcelo  Major: Chemistry
Internship & Modality: Pharmaceutical company; in-person shifted to online
STEM interest and aspiration: / always wanted to learn how things worked and why. | hope to gain experience
that will help shape me as a scientist, and to learn skills that will help me in the STEM field. | am exploring the
STEM field attempting to find my place, and hope that the internship will help me find my interests and provide
me with the knowledge, confidence, and tools necessary to further my career by exposing me to the workforce.
Veronica Major: Biology
Internship & Modality: In-person veterinarian clinic lab to remote science education
STEM interest and aspiration:
I would like to try out new skills in a real lab or even an office involving lab skills or observing how some
employers in medical/pharmaceutical/forensic establishments work. | do not have much experience that are
[sic] practical and would like to explore that part of a career in an internship.
Adriana  Major: Chemistry
Internship & Modality: Urban biology inventory; remote, independent
STEM interest and aspiration: / am interested in science mostly because it is all around us, and in order to
improve the world we live in, we need to understand the science that makes it. | want to expand my perspective
in the STEM field. | hope to learn things and explore subjects that could enhance my future opportunities and
path.
Jeremy  Major: Biology
Internship & Modality: Veterinary clinic; in-person
STEM interest and aspiration: / have experienced a lot of struggle and seen other people close to me experience
the same. | have always hated that | cannot do much for them and I feel this way including animals. That is why
I am following a career in science so | can in some way gain knowledge and eventually help people or animals
around me.
Sophia Major: Biology
Internship & Modality: Urban biology Inventory; remote, independent
STEM Interest and Aspiration: From a young age | knew | definitely wanted to work within the scientific field.
Partaking in a career path where | am constantly learning, discovering, and problem solving is a major goal |
am working on achieving. | am hoping to gain knowledge not only on laboratory techniques, and | would also
like to be able to get pointers on how to effectively apply for positions and be able to use the individuals
conducting the internship as potential mentors.
Rachel Major: Biology
Internship & Modality: Science Museum; remote
STEM Interest and Aspiration: | have learned that there is a great need for educating our community —
specifically, teaching about human impact on the environment. Positive change for the environment or any
other aspect of life starts with educating others. | plan to pursue a career in science to raise awareness of
climate change’s detrimental consequences.

Distributed cognition in a community of practice

Before the pandemic began, interns commonly reflected on the nature of the workplace
and how it operates as an important aspect of their learning. For example, when respond-
ing to an interview question about the most important learning from the internship, a
Biology major, Veronica, expressed learning about the community of practice, specifi-
cally how the different members of the community engaged in distributed roles that
together made the whole:

I learned that there’s, like, every workplace has [...], a set list of tasks for different positions
to take care of. But even though there’s, like, different, like, such as the technicians and the
physicians, as well as the secretaries, they all have different tasks, but they also need com-
munication. [...] T thought that was very educational to see how, like, the different, I
would say, parts of the workplace were together, right?

Veronica, like many, found these in-person experiences, where they could observe the
larger community of practice in action, rewarding. A common theme before the pan-
demic was a widening scope of the opportunities available to students. Importantly,
we are not implying that this widening scope was not achieved in internships following
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the shift to more hybrid and online experiences, which is discussed later; however, we
are pointing out the nature of how this student highlighted the breadth of different
roles that everyone plays. As students shifted to remote work in March of 2020, we
saw an abrupt change in the qualitative nature of their reflections regarding their
community of practice; however, the shift was not associated with a universal
trend. Some students had enhanced experiences that made them feel more a part of
the community of practice. Marcelo, like Veronica, began his internship in-person
prior to the start of the pandemic; however, unlike Veronica, Marcelo’s workplace
was able to continue offering a remote internship opportunity. Like Veronica,
Marcelo highlighted learning about distributed practices he noticed about the work-
place community as well as about the use of analytical machines. After shifting to
remote work, the focus of his tasks changed:

... especially at home during the COVID-19. [supervisor] sent us a lot of the remote work
and a lot of it was revising and editing, revising and editing. I feel like I was trying to publish
a paper. But it really was a great experience to learn a little bit about what they do if they
weren’t in the lab all the time.

Marcelo felt engaged in a level of professional science that might often be thought of as
reserved for only the well-seasoned employees. His supervisor offered an accelerated path
to more legitimate participation in the community of practice, something that the intern
found to be very meaningful and rose to the challenge, so much so that he was offered a
full-time role at this location upon graduation.

While Marcelo had a very positive experience staying at the same organisation while
shifting to remote work, Veronica had a very different situation. She had gone from
working in a clinical laboratory to an internship developing and refining science edu-
cation materials. Her daily reflections had a fundamental shift. Prior to the pandemic,
she described workplace-specific features like those described above. In her new role,
there was little discussion of the workplace community; rather she focused primarily
on science content. For example, when responding in her daily reflection about a good
moment she shared:

One good moment was learning the effects of evolution over time through snake embryos.
That they once had limbs long ago but over time and through mutation in the gene pools,
the species evolved to be what they are today.

Interestingly, in her interview, she didn’t mention any of the remote experiences; rather,
she highlighted her learnings about workplaces themselves and the nature of laboratory
work.

Another student that also started remotely, Adriana, found some connection to the
community of practice. A Chemistry major, she had an internship inventorying
biology of the local urban environment. When describing what she learned about
working with others, she said

I know this dude [who was] very detailed on their post in the website. And it kind of, like,
motivated me to do the same [...]. I saw him like, kind of like a role model like, ‘Oh, he’s like,
you know, being very detailed. Like, let me be detailed. Let me put in my best work as well’.
Not that I wasn’t, but I was putting, like, vague details, but when I saw his work, I'm like,
‘Oh, okay, then we’re doing that’ [...] And then I also saw things that I was like, ‘Okay,
then I don’t want to do that’, because I saw things that were like, ‘Oh, just identifying
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species without any comment’. Like, I didn’t like that. So I would like see their work as both
something I didn’t want to do, and something I did want to do, and just, I guess, adjust to
that.

In this quote, she described engaging with an online community of practice, learning
from peers in a remote work environment by looking at good work. This good work
inspired her to engage in emulative practices that allowed her to leverage her learnings
generatively, spreading her sphere of influence to others in the community.

Unlike the previous students who were tasked with mostly independent work, a group
of students were accepted into an internship at the local department of health that began
and ended remotely, but tasked students to work in teams to successfully complete their
projects. One student described this team focus as beneficial:

Working with my partner and communicating virtually gave me a ... feeling that I'm not
doing this alone.

And another:

One thing I was nervous about in the beginning was working online with strangers, and how
we would use different devices to communicate and actually get the work done. I am happy
to say that I adapted quickly to our weekly meetings with our supervisors ... [and] ... work
as a team ...

While these students were not able to walk around the office to observe the larger com-
munity of practice at the department of health, they developed a community of practice
online, working together, distributing the tasks needed to complete their publication
projects.

These examples illustrate the range of experiences students had with their professional
development in the community of practice during this time of critical change. For some,
a remote environment had little impact on their developing understanding of distributed
cognition and the workplace community of practice. Others found ways to connect, even
if not directly, and those who had already established a relationship with colleagues in-
person saw new opportunities. This illustrates some important challenges to supporting
either partially or fully remote internship as well as potential mentorship opportunities
that we unpack in the Discussion.

Situated cognition and context

The Theoretical Framework discussed how professionals use scientific concepts as
tools that help frame a simplified perspective that is iteratively unpacked to account
for situational features. During their experiences, interns were asked to reflect on
their use of scientific products in their work, specifically how they navigated the appli-
cation of those products to the profession and broader community, and dealt with
uncertainty.

Irrespective of starting in-person or remote, students generally struggled to articulate
the limitations of their work in the earlier part of their internships. Some began to tran-
sition from a focus on basic tasks and their own personal limitations to a focus on organ-
ising principles of the domain. For example, Jeremy’s internship was able to take place
entirely in-person at a veterinary clinic, despite the pandemic. He clearly described his
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developing situated understanding as he navigated the uncertainty of not only his own
knowledge but the limitations of basic procedures:

Before I was basically shadowing everyone because I knew nothing and I didn’t know where
anything was or what it was called or any protocol. But now when an animal comes in I am
asked to hold an animal and restrain it so they can draw blood or take vitals. While it is great
that I can help now I still have ways to go. The limitations I have is taking the vitals of an
animal myself and get it all correct because I still make some mistakes which are small, so my
work is double checked. I am also limited to being just an assistant and I haven’t been taught
how to draw blood yet or clean wounds. There are also certain things I haven’t been taught
yet because it hasn’t come up, like what to do if an animal has an infectious disease or some-
thing. Or what to do if an animal has to be rushed to the surgery room.

While the limitations communicated in the quote above were organised more around
Jeremy’s personal practice, he was able to quickly recognise limitations, which positioned
him toward developing a more nuanced understanding of situated cognition in the work-
place. That is, when taking vitals/drawing blood, there are some standard practices, but
situations in which those practices are modified. Similarly, he already recognised that
practices could change for animals with ‘infectious diseases or something’. The student’s
framing is set up to learn to more effectively deal with situated features of a context.

Interestingly, while one might predict that learners would encounter more difficulty in
developing situated cognition in a remote work environment, this was not necessarily the
case. For example, Sophia, who had a fully remote internship, was at first unable to
answer the question, ‘What are limitations of your current work toward improving the
future?” Over time, however, she began to develop insights about both the core organising
heuristics of the field as well as limits to the cannon and support features currently
offered:

Potentially, the plant identification app we use. Comparing the things were first blossoming
to when it fully blossomed it would not accurately identify what it was so later on when the
plant was fully matured the data had to be corrected. Plus there is not many images of the
different phenophases of the different plant species.

In this quote, she identified canonical resources (Brown & Duguid, 1991) that were
insufficient to support practice, offering perspective on key phenological ideas that
could serve as better support. Her offering on how to improve workplace resources
was indicative of her developing ability to parse situated versus generalisable knowledge
as well as have a greater influence on her field - a boost to her science agency.
Similarly, in another fully remote internship that involved developing science edu-
cation materials, Rachel began to think about some key domain ideas for education:

Being around the students helped me understand how scientific content can be presented.
For example scientific information needs to be presented differently from a child to an adult.
This gives me insight for the personal project they have assigned me which was to create
experiments for kids.

This transition to recognising that explanations have audience context is a key idea in
education and communication broadly. Another student referenced that one of the stu-
dents she was working with had an Individualised Education Plan (IEP), and was uncer-
tain about how to navigate the adaptation of instruction to diverse learners, an indication
of her growing situated awareness.
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Importantly, however, while gains were seen in the intern’s understanding of concepts
associated with professional teaching, the situated nature of science concepts themselves
was not seen to develop. This appeared to be rather common, where for example, in the
quote earlier Veronica’s description focused on ‘the’ story about the evolution of snakes
as opposed to using natural selection as a tool for developing those stories as described in
Passmore and Stewart (2002). This poses a classic issue for education; that the domain
practices for education generally are distinct from those of the subject of the teaching,
yet intertwined in practice, challenging teaching expertise development (Driel, Berry &
Meirink, 2014).

Though the first student, Jeremy, who completed his internship entirely in-person,
more clearly communicated his developing professional situated cognition, it is
difficult to generalise that such learnings are more likely in-person as opposed to
remote. The development of situated awareness was rather variable. That said, remote
work environments require interns to engage in a greater degree of not only self-regu-
lation for time management but also individualised learning with less exposure to con-
texts. This was particularly challenging for internships requiring creativity, where
students commonly expressed being given ‘too much creative freedom’ without direction
and structure. For instance, during one of the Spring 2022 TREX talks, students described
ambivalent feelings about being given creative control over producing materials. While
one student expressed that she ‘loved the freedom,” others shared that they were
feeling ‘lost’ initially and were expecting more structure and instruction. They questioned
themselves: how do I go about it?” ‘Am I doing this right or wrong?” This brings to bear
an important caveat that emerged in this study: without broader engagement in a com-
munity of practice (as highlighted earlier), independence may limit interns’ developing
situated cognition. The structure interns craved was directly related to seeing how
their projects fit into the context of the workplace, well encapsulated by one student’s
statement: ‘T didn’t know what I was doing, until I went there [to my work site]’
(field notes).

Discussion

The time of critical-change that served as the context for this study helped visualise some
important insights into supporting experiential learning that we frame using the twenty-
first century Competencies described in the Theoretical Framework: cognitive, intraper-
sonal and interpersonal. Our data showed certain shifts in overall workplace practice
related to each of these domains that may represent a lasting change. The goal of this Dis-
cussion is to make informed inferences about shifting workplace practices and what insti-
tutions of higher learning might do to better serve the next generation of students.

Cognitive

Pelligrino and Hilton (2012) described the cognitive domain as competencies related to
processes and strategies, knowledge and creativity, including: critical thinking, problem
solving, and adaptive learning, among others. These cognitive competencies are deeply
embedded in the context of the workplace in which the competencies are practiced
(Brown et al., 1989). Therefore, when making inferences about the cognitive domain
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toward twenty-first century readiness, it is important to account for the nuances of cog-
nitive reasoning in different workplaces, something that presents a challenge for learners
in predominantly remote workplaces. As noted earlier, this was evident in our discus-
sions with students, when they expressed both a desire for and anxiety over expectations
of independence and creativity. Creativity is better developed with guidance and context
(Hathcock et al., 2015; Kind & Kind, 2007). One student’s comment that he only fully
understood the scope of his work when he physically went to the work site and was
able to observe the space in context as well as interactions between people, captures
this. This presents a challenge for supporting the cognitive domain in remote and
hybrid experiential learning environments.

We found that remote experiences restrict situated and distributed learning; however,
learner support was critical to success. The nature of this support can vary depending
upon the unique requirements and levels of creativity required in workplaces;
however, this support should involve structured engagement with other members of
the workplace community, whether on site or through structured virtual interactions.
When appropriate, mentors should help learners understand the different roles that indi-
viduals play.

In some of our students’ experiences, the introduction to the organisation was pro-
vided by the supervisor with limited interaction with others. This type of support can
offer learners a general sense of the organisation’s product, but it may lack the richness
of situated and distributed cognition necessary to really understand how a product
comes to bear and the specific role that the individual plays in this creation (e.g.
Brown & Duguid, 1991). This was seen in Sophia’s evaluation of the identification
app that lacked appropriate scaffolds. For learners to better grasp the scope and
context of the work, particularly for remote and hybrid environments, they should
be given structured time to meet and shadow members of the workforce (in person
or remotely) and gain a richer understanding of the work that each person does. As
seen in the data earlier, some students do this on their own, and it might be easier
to do this on site; however, for broader success in student cognitive development in
experiential learning, we recommend explicit structuring of learners’ engagement
with the larger community of practice.

Interpersonal

The interpersonal domain focuses on teamwork and collaboration as well as leadership
(Pelligrino & Hilton, 2012). For those students whose work was mostly independent,
fewer opportunities emerged for direct contact, calling for a much more deliberative
practice in this domain. In contrast, we saw some students were placed in teams by
their workplace. Students in these teams could support each other in developing
their interpersonal practice. These students were more likely to discuss the role of com-
munication between supervisors, peers and themselves, and how these interactions
functioned as models for their own sense of place in the work. Working collaboratively
also combated feelings of isolation, suggesting that internships organised in small
groups or cohorts collaborating on a project, as a community of practice, would be par-
ticularly beneficial in remote contexts where interpersonal interactions may otherwise
be limited.
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Building teams among new-hires in remote environments, however, does present
challenges, particularly around building social connectedness (e.g. Rodeghero et al.,
2021). As workplaces in the knowledge economy employ a more hybrid format, there
are opportunities for university experiential learning programmes to support teams of
interns and social connectedness among the team. While some of those students
whose internship was in a team environment expressed nervousness seeking help and
getting started, they quickly overcame these issues, relying on their teams. Working
with peers can afford seeing and sharing similar struggles with others as well as support-
ing group-level learning. That said, benefits like this are not automatically inherent in
unfacilitated teams (Fisher et al., 2020; Hogan, 1997). Appropriate support is still
needed, particularly when considering the sociocultural complexity of group work in
science learning (Anderson et al., 1997) and where the social status of students impact
participation in higher level thinking (Bianchini, 1997; Wieselmann et al., 2021).
Groups can perform poorly as a collective if the members of the group do not work
well together (Bandura, 2000). In our case, those students who worked in teams had
clear task structure and individual deliverables but also a collective efficacy (i.e.
Bandura, 2000).

Students whose tasks did not have clearly defined structure expressed anxieties longer
into their internships. This was particularly challenging given that they could not walk
around the workplace to informally talk to others and build a broader awareness of work-
place activities that they could participate in (Teng et al., 2022). In general, but more
importantly for more independent work, interns need communication and task scaffold-
ing. This includes problematising the meaning behind commonly-used but rarely
explained career language phrases like ‘taking initiative’ and ‘working independently’.
Clarifying that though these terms connote an individualistic frame, particularly for
complex workplace products, they can still involve collaboration, communication, and
asking questions of team leads and peers.

Intrapersonal

The intrapersonal domain draws from personality psychology theories to describe
characteristics including: intellectual openness, self-regulation, awareness, and general
positive core self-evaluation, among others. The TREX programme asks learners to
reflect regularly on their struggles as well as how their successes were bettering their
own and others’ futures. Most students, despite the pandemic, reported positive core
self-evaluations to these questions. When describing their struggles, students commonly
referred to basic issues of self-regulation related to time management and organisation, at
least initially. For example, initially Sophia had not mentioned struggles or issues with
time management, but as time progressed, she reported struggles related to finding
motivation to continue (e.g. ‘Researching on why being out in nature is important’),
and more detail-oriented tasks (e.g. ‘I struggled with filtering through the data over
the two apps, making sure I did not record something twice or inaccurately.’). It was
clear that over time she had engaged in more self-regulated learning. This points to an
important caveat we arrived at in our analysis of the data related to the intrapersonal
domain. In more private settings (focus groups and interviews) it became clear that stu-
dents did not always convey a broader sense of their struggles in their daily reflections.
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Learners commonly rely on peers, can feel emotionally threatened by professors, and feel
a need to be more prepared before approaching their professors (Payne et al., 2021).
These issues present challenges to supporting learners’ intrapersonal domain. That
said, it appeared that asking learners these questions and having regularly scheduled,
structured conversations with their mentors appeared, at least in some cases, to shift
their comfort over time. Creating this structure appears to require extra scaffolding
and a welcoming environment that helps to deconstruct these barriers between students
and their mentors. This was particularly important during the pandemic when interns
were not working directly and in-person with their mentor network, completing tasks
on their own.

Finally, there was a sense of openness to new understandings of their experiences, as
exemplified by participants who described moving from uncertainty about the experi-
ence and its relation to their future STEM career, to achieving further clarity on their
career targets. Similarly, Sophia’s investigation of why nature is important, described
earlier, hints at a developing openness to care for ideas that she may not have previously
focused on. The growing awareness of other ideas is an important part of developing
openness toward nature (e.g. Dunlap & Van Liere, 2008). This expansion of perspective
was good to see as not all students were placed in internships that were directly within the
specific discipline of their career goals. Awareness alone, however, is not sufficient for
supporting the development of intellectual openness; that is, it is less a property of the
individual gained through awareness than a practice in which they engage (Ruppert
et al., 2022). These students were guided to more critically reflect on their learning
about themselves, their work, and their contribution to society, being scaffolded
through the practice of opening their awareness and thoughts to a broader set of ideas
and opportunities.

Conclusions and recommendations

While this paper has emphasised the distributed and situational nature of cognition in
workplaces, there is a spectrum in the role of individual and collective praxis in real-
world situations (Billett, 2004). The findings of this paper emerged in the context of
learners struggling with the nature of this individuality in the context of distributed
and situated cognition in the workplace. The findings and recommendations point
to a need to support learning of distributed and situated cognition in a way that
may afford learners with a greater capacity for individuality, agency, and service to
their community.

One approach to supporting this is to focus mentorship across the three areas of the
twenty-first century Competencies rather than limiting their mentoring to simply one
area. A second recommendation is to assign small groups or cohorts of students to the
same site in project-based work. With this format, students have the opportunity to col-
laborate and benefit from peer-to-peer interaction. In essence, they are able to build com-
munity, even if it operates in a virtual space, which can make the experience less isolating.
However, cohort-based groupings, though an initial strategy for TREX, have been a chal-
lenge to implement due to pandemic and other logistical issues. Moreover, not every site
has the capacity to offer these types of internship experiences as they face their own
staffing challenges.
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While there is still benefit to in-person direct experience, our case analysis showcased
a rather broad range of outcomes. What we can recommend for supporting remote or
hybrid experiential learning is working to develop better online communities of practice.
This means fostering a community of ‘peers’ across the organisation as well as of direct
support, in order to contextualise tasks. If that community is missing in the workplace,
institutions of learning can serve to offer these support structures, nurturing community
development and helping students learn those workplace practices they might not
observe behind a computer. These supports might help students develop a stronger
sense of agency as they step into the workplace community.

Postscript

2 years later. It's May of 2022 and we are now at a moment where masks are coming off,
and people are considering a second booster. Marcelo is back in the lab and has been
working in the field since his graduation shortly after completing his internship. He
returned to his alma mater to share his experiences with the STEM faculty and offer
advice (drawn from field notes):

At first, I was intimidated by everyone else — imposter syndrome hits people at different
stages of their life. Asking for help is important ... make it clear to students that it’s a no
judgment [sic]. Mistakes happen. We’re human, not robots. I make lots of mistakes and I
learn from my mistakes. Not to say mistakes can’t be an issue, but to know how critical it
is to come clean when you make a mistake [...] Honesty is key. I would also say to the stu-
dents: speak up for yourself [...] sometimes supervisors put more expectations on us than
possible. In my case, I learned that it’s really important to learn how to communicate where I
was and express my concerns when I needed help. Being part of a team means [supervisors
and mentors] also need to do their part to manage my workload [to be fair in what they ask
of us]. It's important to nurture curiosity [Help the students own their voice]. Listen to what
students want to do. Encourage them to guide on their own path. No one needs to know
what they’re going to do tomorrow because it could change.
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