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Abstract

In this article, we integrate our authorship experiences with insights from nine interviews of knowledge exchange practi-
tioners at the Canadian Forest Service about challenges and opportunities of digital knowledge exchange (KE) brought on
by the COVID-19 pandemic. We aim to inform how best to maintain effective KE practices and processes in a digital-first
world. Interpersonal trust and relationships are pivotal to effective knowledge exchange; thus, removing these dimensions
risks losing aspects of social learning, informal and meaningful discussions, and personal connections that affect how we
interpret and respond to subtle affective and social cues. For KE practitioners, lack of in-person interactions risks internal KE
coordination and relevance of KE work, and diminished ability to predict and respond to user needs. However, the accelerated
digital adoption has increased reach and accessibility for diverse people to exchange knowledge, and enables more frequent
and rapid response to issues and events by virtually gathering diverse people almost instantly. The acceleration in digital
innovation and culture has thus resulted in new tools and diversified approaches for the KE toolbox to inform decisions and
practices. The long-term sustainability and effectiveness of digital KE depend on two interconnected factors: addressing the
persistence of the digital divide and people’s abilities to make and maintain meaningful social connections in the absence of
regular face-to-face contact. We thus offer three considerations to guide KE efforts and initiative in a digital-first world: (1)
consider both digital divide and equity; (2) revisit user needs and preferences for KE to address the diversity of users, and
(3) leverage the diversification of KE approaches and innovations.
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1 Introduction: knowledge exchange—an
interpersonal activity

It is widely accepted that efficient and effective knowl-
edge exchange among scientists and decision-makers helps
to improve outcomes in environmental management and
conservation (Fazey et al. 2012; Cvitanovic et al. 2015;
Nguyen et al. 2017). Knowledge exchange (KE) has many
definitions and interpretations, but at its core, it implies
a two- or multi-way reciprocal and iterative exchange of
knowledge and learning (Fazey et al. 2012, p. 20; Nguyen
et al. 2017, p. 791). Effective knowledge exchange helps
people with different knowledge needs to learn from one
another, thus building increased capacity for evidence-
informed policies and practices and enhancing the legiti-
macy of decision-making processes.

Theories of KE stress the importance of social con-
nection and collaboration for individual and collective
learning (Evely et al. 2012, p. 27; Fazey et al. 2012, p.
23; Cvitanovic et al. 2021, p. 183). While some learning
is linear and codified (i.e. coming from documents), KE
conceptualizes learning as dynamic and relational, coming
from iterative and multidirectional interactions (Nguyen
et al. 2017, p. 794). Successful KE gives people access to
arange of viewpoints and different types of knowledge and
interpretation beyond their own personal and professional
experiences and networks (Ward et al. 2012, p. 302). The
extent to which KE participants successfully communicate
and exchange information is dependent on their ability
to foster relationships founded on shared goals, mutual
respect, and trust (Addison et al. 2013, p. 496; Reed et al.
2014, pp. 341-343; Cvitanovic and Hobday. 2018, p. 2).

As such, KE is most effective in the context of strong
interpersonal relationships that are founded upon shared
goals, mutual respect, and high levels of trust (Young et al.
2016; Cvitanovic and Hobday 2018, p. 4). Traditionally,
such relationships have been forged by networking, col-
laborations, and efforts to coproduce knowledge—pro-
cesses that rely heavily on in-person and interpersonal
interactions (Nguyen et al. 2017, 2019, Cvitanovic et al.
2016, p. 869; Chambers et al. 2021, p. 5). For example, a
recent investigation of one of the worlds oldest boundary
organizations focused on improving KE at the interface of
science and policy found that efforts to build trust between
individuals and organizations is best achieved through a
combination of formal and informal in-person, face-to-
face interactions, particularly among stakeholders that
have differing worldviews (Cvitanovic et al. 2021, p. 184).
This is not to say that—in the absence of in-person inter-
actions such relationships cannot be formed—but rather
that importantly, each of these social rituals of relationship
building that are known to be most effective have been
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compromised by COVID-19 pandemic, which has forced
a digital transformation in work and collaboration due to
stay-at-home orders and travel restrictions (Schwarz et al.
2020). As a result, knowledge exchange research and prac-
tices must be re-examined, especially when digital KE is
more common now than before. Even though KE has been
shown to be most effective in-person, the acceleration of
digital work spurred by the pandemic leads us to ask how
has it affected KE and what can we see as new approaches
to KE?

Our Perspective Essay examines how knowledge exchange
principles may need to be re-examined through COVID
lenses by discussing potential short- and long-term impli-
cations of this digital transformation of KE spurred by the
COVID-19 pandemic. We stress that these implications can
be both positive and negative for KE processes and outcomes.
On the one hand, the absence of in-person interactions may
result in fewer opportunities to build relationships and trust,
present challenges for equity and equality, and limit the effi-
cacy of knowledge communication and learning (Barnes
2020; Beaunoyer et al. 2020; Nguyen et al. 2020; Schwarz
et al. 2020). On the other hand, the digital transformation
of KE may present opportunities such as reduced barriers
to participation, present opportunities to assemble and hear
from broader and more diverse groups, and create opportu-
nities to meet more frequently via video conferences. For
example, Niner and Wassermann (2021, p. 7) found that
moving marine-related conferences online increased their
accessibility to those who would have been unable to attend
for financial or personal reasons. However, while recent
research such as this has begun to understand the advantages
and disadvantages of digital KE, our understanding of these
issues remains in its infancy, and are based only on a small
number of case studies, thus suggesting that additional work
is needed to understand these issues across different contexts.

To this end, the overarching aim of this Perspective Essay
is to contribute to the growing literature about the digital
transformation of KE. We do so by drawing on the experi-
ences and expertise of the authors, all of whom are active
in both the research and practice of KE. To enhance our
perspectives, and ensure novel insights are added through
this Perspective Essay, we also integrate a case study from
the Canadian Forest Service (CFS). Specifically, we describe
and discuss the outcomes of interviews with KE practition-
ers from the CFS on the impacts and challenges of digi-
tal KE as a result of the COVID-19 pandemic. Here, a KE
practitioner is considered an individual who implements
knowledge exchange strategies to bridge relevant knowledge
between producers and users. By combining our perspec-
tives with the case study, we are able to identify and discuss
bright spots and opportunities for the digital transformation
of KE. Specifically, we ask the following questions about the
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fate of KE in a digital-first world: what is gained and what
is lost with digital KE? Is there an optimal way to leverage
opportunities of digital interaction for improved KE access
and participation? Is there a tipping point where digital KE
becomes less effective or ineffective for some participants?
How can remote communities with digital access challenges
be engaged in digital KE?

By answering these questions, this perspective article
aims to provide practical advice and guidance for how best
to maintain effective KE practices and processes in a digital-
first world. The article proceeds in the following manner: In
Sect. 2, we describe the case study of the CFS and the data
collected from KE participants in our research. In Sect. 3,
we report on the perspectives of KE practitioners at the CFS
on the challenges to KE caused by the COVID-19 pandemic.
Section 4 draws primarily on authors’ perspective using CFS
examples to discuss the risks and opportunities that emerge
from the ways that KE practices have changed during the
pandemic. Finally, Sect. 5 identifies what we judge to be
constructive changes and how those will impact future digi-
tal KE work, while Sect. 6 presents concluding thoughts on
post-pandemic considerations for KE.

2 The case: the Canadian Forest Service KE
practitioners

In Canada, forest management is the jurisdiction of pro-
vincial governments. However, forests themselves do not
respect these jurisdictional boundaries, meaning there is a
need for national-level coordination. As such, the federal-
level agency, The Canadian Forest Service (CFS),! plays
a key role in coordinating national forest policy and man-
agement. Additionally, the CFS has a mandate to fund and
conduct forestry research relevant to policy. Thus, while the
CFS has no jurisdiction over forestry practices, it plays an
important role in science, advice, and innovation (Hardy
2002 p. 57; Klenk and Hickey 2011).

An important CFS strategy for communicating and
exchanging scientific knowledge is through designated indi-
viduals known as “knowledge exchange specialists” (herein
referred to CFS KE practitioners). CFS KE practitioners
work in six regional research centres across Canada in addi-
tion to their head office located in Canada’s Capital, Ottawa.
The role of the CFS KE practitioners is to act as a liaison
between CFS scientists and anyone interested in using the
knowledge they produce (e.g. industry, non-governmental
organizations, provincial government, Indigenous communi-
ties, academia, other governmental departments). These KE

! https://www.nrcan.gc.ca/our-natural-resources/forests-forestry/the-
canadian-forest-service.

practitioners make the science accessible to a non-scientific
audience by, for example, overseeing the creation of plain-
language summaries of scientific papers and coordinating
various initiatives with other CFS KE practitioners across
the country. Prior to the pandemic, CFS KE practitioners
conducted their work in both digital and in-person formats,
where digital formats could include webinars, videos, and
newsletters, and in-person work could involve field visits to
demonstrate technology, conferences, and collaborating with
knowledge users to co-develop project objectives.

Traditionally, the CFS relies on in-person, face-to-face
interactions to build trust with knowledge users, such as
industry representatives or provincial decision-makers, to
promote the uptake of new knowledge and practices for for-
est management. The pandemic abruptly ended in-person
interactions and forced them into digital forms and spaces.
It is currently unknown what elements of KE can be pre-
served or even enhanced by the forced transition to digital
interaction. It is also unknown how long the pandemic will
render meeting in-person impossible, and whether or not
we can expect a return to KE practices in the pre-pandemic
way. For these reasons, CFS KE practitioners represent an
ideal case study to begin to explore the risks, promises, and
pitfalls of digital knowledge exchange in a post-COVID-19
pandemic world.

We use responses from interviews with nine CFS KE
practitioners to provide examples. The interviews were face-
to-face over videoconference using Microsoft Teams and
occurred during the pandemic while respondents worked
remotely at home. We draw on 15 semi-structured inter-
views in our discussion below. Of these 15, nine interviews
occurred between July and November 2020 and were con-
ducted by CB. We did six follow-up interviews (conducted
by JH and TK) with the same group of interviewees in Feb-
ruary 2021. These were part of a broader study funded by a
Partnership Engage Grant from the Canadian Social Science
and Humanities Research Council (SSHRC) to investigate
the role of KE in overcoming science-policy gaps within the
CFS. Participants were originally identified by the CFS head
office. We also used a snowball sampling approach, whereby
the original participants that were identified by the CFS
Head Office were invited to suggest other relevant people
involved in KE in the CFS. This project was approved by the
Carleton University Ethics Board (Clearance ID #112865).

In the interviews, the CFS KE practitioners discussed
their work on KE and their perspective on the lasting impacts
of COVID-19. Of the 35 questions asked, we focus on the
following questions for the purpose of this article:

(a) Has the COVID-19 pandemic affected KE? (this ques-

tion was a follow-up prompt to asking about perspec-
tive on work/dialogue around KE in the near future);
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(b) What do you anticipate will be the lasting impacts from
COVID-19 on KE work? (this question was a prompt
about new challenges or benefits of this new norm);

(c) What do you foresee for KE post-COVID?

We used QSR NVivo 12 for analysis. Data analysis
involved coding the interview transcripts inductively and
deductively using open and structured approaches (Saldafia
2016). A codebook was created for the entire interview using
inductive coding on three interviews that were most elabo-
rate in the responses. For inductive coding, the analysis team
(VN, MF, JH & TK) used both structural and descriptive
coding to assign labels to data, which provided an inventory
(i.e. codebook) of topics that emerged (e.g. following Blythe
and Cvitanovic 2020, p. 4). For this article, we labelled any
mention of COVID-19 and KE work as “COVID KE” for
the first coding cycle. The second cycle of coding was con-
ducted by VN using inductive coding. Four broad themes
emerged related to participant discussions of KE and the
pandemic risks and challenges (reported in Sect. 3); loss
or importance of in-person, face-to-face KE (reported in
Sect. 3); uncertainties (quotes drawn upon for Sect. 5); and
opportunities (examples drawn upon for Sect. 4).

3 What we heard: perspectives about digital
KE from the CFS KE practitioners

In this section, we present and discuss findings from the
interviews with the CFS KE practitioners. Challenges and
risks identified by KE professionals include loss of inter-
personal connections, loss of social learning, being “out of
the know”, risk of decreased relevance of KE work, and an
overall perceived decreased time for KE work individually
and for CFS as an organization.

3.1 Risks and challenges to interpersonal activities
and relationships

Analysis of the interviews found that CFS KE practitioners
considered that COVID-19 restrictions on travel and stay-
at-home orders have interrupted the traditional in-person
practices for establishing and maintaining effective KE. Pre-
pandemic, KE often involved gathering at a physical location
for an event: conferences, exhibits, site visits, forums, field
research, and pubs and restaurants to name a few. Practices
of social learning, trust-building, and informal communica-
tion have been interrupted with uncertain long-term effects.

The importance of in-person interactions for build-
ing relationships, strengthening communication with
users, and the integral role it plays in KE was empha-
sized by many CFS KE practitioners, along with how KE
is, and will be affected by COVID-19. As one participant
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suggested, “...there still comes a time in KE... relation-
ship building moments... where you just can’t do it over
the screen or online. It’s much more of an in-person thing.
Human interaction seems to develop a good relationship
with people to do this kind of work”. (Participant 3).

Participants highlighted how part of understanding or
getting to know a topic and exchanging knowledge is to
get to know people who have expertise or experiences that
are relevant, and to also understand what knowledge is rel-
evant. Not only are in-person meetings more conducive to
informal chatter, sharing stories and getting to know some-
one, but they enable subtle affective exchanges and per-
ceptions. Communication and knowledge co-production
involve being attuned to attitudes, to emotional responses
to issues of concern, and body signals. It is much more
difficult to “read” and interpret the atmosphere in a group
in an online meeting, and it is more challenging to respond
to subtle social cues.

This sentiment was reiterated by another CFS KE practi-
tioner: The importance of face-to-face meetings are becom-
ing more and more important. The ability to share that
research and KE, but [whether] it’s applicable to an end-
user is what we’re losing [due to COVID-19 restrictions].
When you’re standing in the woods or riding on a bus with
a group, you’ll hear a different answer, people will tell you
issues that they’re having. Nobody wants to tell you right
now that they’re having a problem regenerating spruce in
a clear-cut. The company value is everything, ‘it’s going
great’. But when you’re with them walking around looking
at stuff, you hear things, and you evaluate, and you find out
what the real issues are on the ground. (Participant 5).

Participants also emphasized that some knowledge is
experiential and cannot be easily communicated online or
remotely: it must be experienced to be understood. Experi-
ential knowledge is often best acquired through in-person
workshops and field visits, for example, and one risk is to
focus only on knowledge that can be exchanged on online
platforms rather than the knowledge that can be exchanged
and learned in-person. Further, there is a potential for greater
risks for misunderstanding, missed opportunities for rela-
tionship building, and risks to precarious or new relation-
ships that require in-depth dialogue and nurturing.

One CFS KE practitioner summarized this issue: I think
it's important to listen carefully to people. To try and fully
understand ‘their problem’. So, if I or anybody truly under-
stands the problem you have to see if your work is truly of
any relevance to their problem. Or to have a conversation,
a meeting of the minds to see what I know, what we have...
and how it fits into the needs of the whatever.... And again,
these are things that don't always come about by a single
email interaction or a question that you get over a [Micro-
soft] Teams call. Often, you've got to build a relationship
to understand somebody's point of view or perspective or
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needs. That's one thing that I think is an important part of
knowledge exchange. (Participant 2).

3.2 Challenges of going digital: personal
disconnection and loss of social learning

The analysis of interviews also led to the identification of
personal disconnection and loss of social learning as other
challenges that CFS KE practitioners have faced in rela-
tion to the digital transformation of KE. At least part of
the CFS’s KE work includes three abilities: to work with
industry, to demonstrate tools or practices, and to provide
support and social learning through in-person site visits or
workshops. It seems that for the CFS, the relationships built
through these activities ensure the relevance and applica-
bility of CFS research. Exchanging knowledge digitally,
which often involves meetings through Zoom or Micro-
soft Teams, creates challenges for such activities. As one
participant described, digital KE creates barriers to having
deeper, meaningful conversations: Having those face-to-face
conversations... the thing is you can’t do that with a video
chat. Some people feel more comfortable. You know, I don’t
have 800 people listening in on my conversation here, I can
actually have a one-on-one chat with this individual because
I've got an issue with a particular subject. (Participant 6).

Another CFS KE practitioner described their thoughts
on an alternative plan to exchange knowledge for an event
that had traditionally been in-person: The strategy on that
[work with industry on transfer or building capacity with
climate models] is—normally a 2-3-day workshop here,
bring people here. In the evenings you go for a beer on the
river, have a meal, you get to know people, and it just builds
trust... This stuff that we're doing, it's not medical research
so people need to keep it in perspective, but building the
personal relationship is huge. What we're going to do now,
we're probably going to do a series of 2 h seminar, interac-
tive things... It might involve two dozen or so people involved
there at Industry X. And then we’re going to have to figure
out how they can do computer exercises remotely....So that's
not gunna [sic] be so good, in my opinion. It'll get done
but I don't think it will be a good as it could or should be.
(Participant 2).

The general sense from the respondents suggests that they
do not believe digital KE can replace in-person interactions
and interpersonal connections built with face-to-face time.

3.3 Risk of not being in the “know”: loss
of coordination and being up-to-date

Although the narrative for KE is often about KE with exter-
nal end-users, CFS KE practitioners suggest that internal KE
is just as important. In other fields, this may be referred to as
knowledge management, which primarily refers to practices

for managing intellectual capital and information flows to
achieve organizational objectives (Bennet et al. 2007 pp.
17-19). Working remotely poses challenges for informal and
opportunistic conversations among colleagues, resulting in
delayed knowledge exchange as well as decreased coordina-
tion and efficiency in KE work. Moreover, KE practitioners
are also tasked with scoping the horizon, anticipating needs
and to some extent creating opportunities to foster more
deliberative and reflexive KE. At the CFS, one of the KE
practitioners describes how COVID-19 has led to potential
decrease in the efficiency in their multi-site, cross-national
organization:

Now with COVID, that I tend to be missing out more
on - who's who in the zoo. ... I will hear, or read an
email that comes out, a notice saying, “we welcome
this new person,” where usually you'd know something
or hear about it beforehand...So that's a challenge for
me to make sure that I'm on board or knowing who
the new people are, what they're doing, what they're
responsible for. (Participant 8)

This sentiment is expanded on by another participant:
Yeah, I think with most things we all get pretty busy with
our day job and we don't always stop to talk to each other
to make sure that we're doing things in a somewhat coordi-
nated way. So, if one group is talking to the National Parks
then it's good to communicate that because we might be
having the same conversation...COVID obviously being a
lot harder because you can't walk down the hall and run into
people. (Participant 3).

Without the social interactions and opportunistic dia-
logue, the KE practitioners risk not “being in the know”.
Further, challenges may arise in coordinating KE work
across regions, as well as leveraging networks to support
KE and needs of end-users.

3.4 Out of mind, out of sight: risk of decreased time
for KE

The results of our interviews with CFS KE practitioners also
suggest there is decreased time and prioritizing for KE if
KE is not “part of the job” or formally recognized. With
stay-at-home orders, there are competing demands and indi-
rect impacts on individuals. Some examples are caring for
children at home, impacts of delayed services or support, or
increased culture of back-to-back meetings (since there is no
need to travel to physical locations). Such demands can lead
to burnout, decreased mental capacity, and priority shifts.
With competing demands, knowledge exchange risks falling
down the priority list, as one participant described:

I always have to try and keep the conversation at the
forefront because as soon as you - and COVID has
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hurt us a bit in that area - if you're not constantly in
front of the researchers and managers with knowl-
edge exchange it starts to wane. (Participant 8)

Further, for some organizations, there may be a risk
of viewing the digital acceleration as a solution to many
problems including equity, diversity and inclusion, as well
as an opportunity to reallocate budget from travels to other
areas viewed as higher priority. One respondent shares
their sentiment on this: “So, it [COVID-19 impact] adds
challenges to doing this stuff [KE] effectively because I
think there's a view among some that ‘oh you can just do
it via the internet’. I don't think you can, but anyway”.
(Participant 2).

Overall, there is a risk for KE to maintain priority and
effectiveness, if there is a misinterpretation of the value and
importance of KE within an organization as well as indi-
vidual levels (among knowledge producers and users).

4 Bright spots and opportunities for digital
knowledge exchange

With forced adoption of a digital-first culture, there is an
expansion in digital skills and acceptance among individu-
als, groups, and organizations (Barnes 2020), opening
new possibilities and alternative ways to connect as well
as enhancing existing virtual gatherings. For example, the
CFS consists of research centres across the country and
used e-lectures and virtual meetings across the country pre-
pandemic. The increased social awareness of e-conferencing
technologies and tools may have a positive impact on the
attendance of these existing events. Without the expecta-
tion that engagement must come from in-person actions, KE
practitioners have become more creative in how they engage
with their communities of practice (McKinley et al. 2021,
pp- 5-6). These online interactions may become more fre-
quent, as the desire and expectation for required in-person
communication decreases. One of the interviewed CFS KE
practitioners offers their perspective on how the CFS has
adapted and adopted digital platforms, which can be seen as
an opportunity for other organizations to change:

I think we'll have to have new tools or new ways to
produce or to do e-lecture or virtual days. We'll have to
think about how can we change things so that we will
be sure that people are listening, connecting, and not
saturating all that stuff. We produce paper and we still
print...before COVID, when we were going to con-
gress, people took all the brochures. Now, the younger
people don't like that stuff. So, we want to change and
produce stuff that people can just pick on their phone
and they can have it. (Participant 9)
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Behaviour change often happens or can be triggered by
significant life event or crisis (Kwasnicka et al. 2016). The
pandemic and the forced digital acceleration may thus be
an opportunity for individuals, groups and organizations to
adapt and innovate new ways to exchange knowledge and
meet desired outcomes. Although only one interviewee
refers to the influence of generational differences and issues
on KE, it is a topic that deserves more in-depth study to
explore how digital KE may help or hinder organizations in
adapting to generational change.

In Sect. 3, we presented the insights that emerged via the
analysis of interviews with CFS KE practitioners. In this
section, we primarily draw on our experiences and perspec-
tive to discuss bright spots and opportunities for KE in a
digital-first world beyond the CFS. We supplement ideas
with examples from the CFS or quotes from the CFS KE
practitioners to help illustrate ideas and discussion of poten-
tial opportunities for digital KE.

4.1 Being grounded is not so bad: benefits
of no travel

In-person, face-to-face interactions are deemed to be one of
the most effective means of building trust (e.g. Cvitanovic
et al. 2021); however, they are also costly. The significant
financial costs associated with KE and all forms of participa-
tory research are well-recognized (Cvitanovic et al. 2019).
For instance, a commonly identified challenge to implement
KE in pre-COVID times at the CFS was the lack of travel
budgets to engage participatory research as well as build-
ing and maintaining relationships. In addition, geographic
isolation makes in-person interactions challenging (some-
times unachievable due to access to regions), and sometimes,
face-to-face engagements can be interpreted as undermin-
ing transparency unless records are maintained for others to
access (Cvitanovic et al. 2019, p. 23). The physical demands
and costs of travel can exacerbate inequities present in soci-
ety (Niner and Wasserman 2021), resulting in the exclusion
of marginalized groups from KE or other work. Without the
requirement of expensive cross-country travel, budgets and
efforts can be redeployed to areas where they could be more
impactful (including promoting community-led research) or
to invest into diversifying approaches for KE.

Last, being grounded and unable to travel has been posi-
tive for the environment. The decrease in carbon emissions
from less air travel (a considerable requirement in a country
as large as Canada) is a major benefit to the CFS and its
researchers (Achten et al. 2013; Fraser et al. 2017; Gos-
sling and Humpe 2020). In fact, many scientists think that
scientific meetings should continue to be virtual, or have a
virtual component, after the pandemic ends as it has provide
accessibility for attending from anywhere in the world offer-
ing greater reach (Remmel 2021, p. 185). The potential shift
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in perspectives, attitudes, and behaviours towards alterna-
tive means to travel may result in opportunities to strategi-
cally redistribute travel resources, rethink alternative ways
to connect with geographically isolated communities and
marginalized groups, and maintain positive impacts on our
carbon footprint. There is, however, no one-size-fits-all to
approach KE in a digital-first world, and we must continue
to be mindful of the value of interpersonal relationships
and interactions, particularly for those at early career stages
where networking and building collaborative relationships
are important.

4.2 Digital equity: opportunities for access
and broader reach

National and international travel can be costly (Arend and
Bruijns 2019, p. 158), time-consuming, and inaccessible
(Favaro et al. 2016, p. 3). Travel is particularly inaccessible
for those researchers located in remote and low- or middle-
income areas who rely on such conferences for KE and net-
working opportunities. Not only are the cost and travel times
reduced by moving conferences online, but the event itself
becomes more accessible to diverse researchers who may
otherwise be tacitly excluded from engaging in the tradi-
tional conference cultures (Hinsley et al. 2017; Niner and
Wasserman 2021). A virtual format reduces the barriers
to entry for new researchers to engage with knowledge, in
spaces where they are safe. In this way, the audience availa-
ble for KE activities expands beyond the cultural boundaries
imposed by forced travel. Further, by removing the spatial
and temporal barriers for engagement, KE practitioners can
engage with communities from different locations and time
zones at once. This also decreases the pressure and cost on
communities to formally host researchers and allows them
to interact on their own terms, setting their own boundaries,
and possibly making consultations more equitable.

4.3 Digital innovation and knowledge exchange

The rapid response to the COVID-19 pandemic relied on
new and innovative digital solutions across diverse sectors.
Many of these tools addressed KE problems identified by
CFS respondents—the need for personal connection, main-
taining knowledge and communication flows, and stimulat-
ing engaging discussions. Here, we survey innovations from
areas such as teaching and health care, to highlight digital
innovations and tools that have potential to offer new ways
of collaborating and exchanging knowledge virtually.
Online learning and communication platforms have
grown in recent years, but the COVID-19 pandemic forced
educational and health care providers to adapt in-person
learning and communication to a virtual space (Golinelli
et al. 2020, p. 15; Vargo et al. 2021, p. 15). In the field

of education, virtual teaching platforms with interactive
features (e.g. live chat, quizzes, file sharing, and breakout
discussion groups) provided instructors with real-time feed-
back about whether the knowledge being communicated
is relevant and understood. These interactive features are
important for digital KE, particularly for interpreting social
nuances and feedback.

Another area of virtual education that has been gaining
attention during the pandemic is asynchronous communi-
cation (Daniel 2020, p. 93). Digital tools supporting asyn-
chronous communication allow users to record and share
video responses to an ongoing discussion. This can confer
some advantages over live, synchronous engagement, such
as flexibility around differing schedules, fewer technological
disruptions, and allows for deeper discussion over longer
periods of time (Daniel 2020, p. 93; Su et al. 2020, p. €267).
Thus, supporting asynchronous KE opens opportunities to
reach broader audiences, accommodate varying needs of
users, and be more inclusive.

There are a number of digital options for collaborative KE
that have grown in popularity during the pandemic. Some
provide a shared space for brainstorming, such as Microsoft
Whiteboard, Miro, or Mural, incorporating visual commu-
nication tools such as flowcharts, sticky notes, mapping and
drawings (Rath et al. 2021, p. 2). Others are expanding the
storytelling capabilities of knowledge holders. ArcGIS Sto-
ryMaps, for example, can connect advanced GIS mapping
tools with pictures, video, and narrative text to communi-
cate about social and environmental projects (c.f. Puri 2020).
This introduces the potential for new diplomatic ways to
collaboratively share Indigenous and Western knowledge in
ways that connect people, knowledge, histories, and place.
Through additional technological development and refine-
ment, it has also been suggested that virtual reality may
present another way forward for supporting KE in a digital
world, for example, via academic conferences done using
virtual reality (Mulders and Zender 2021).

4.4 Diversification of approaches to knowledge
exchange

The increased culture of a digital world, including adop-
tion, access, skills and innovation in digital and virtual
approaches, creates a diversification of approaches to knowl-
edge exchange. For instance, the increased comfort and
norm of meeting virtually allows for more frequent meetings
at times when expected in-person face-to-face engagements
were not possible. In addition to increasing number of meet-
ings, there are opportunities for more rapid and effective
response to disturbance events or crises by convening online
meetings of people from different places rapidly. This does
not replace the need for in-person interactions and events,
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but provides diversified opportunities to learn and exchange
knowledge.

Oftentimes, projects operate on a budget where travel
to communities, site visits, on-the-ground work and rela-
tionship building are limited to yearly visits or less due to
high travel costs (particularly in remote areas). In particular,
building and maintaining long-term relationships with com-
munities (both Indigenous and non-Indigenous) are integral
to successful knowledge exchange and project outcomes.
With increased access, skill, and culture of meeting and
exchanging knowledge digitally, there are opportunities for
more frequent interactions without travelling. Supplement-
ing in-person visits with more frequent digital interactions
may enhance the relationship and promote KE.

5 Looking into the future: sustainability
and effectiveness of digital knowledge
exchange

Among the positive impacts of digital-first KE is that it
removes the requirement to physically travel and commit
large chunks of time exclusively to KE meetings and pro-
cesses. If considered in isolation, removing these temporal
and spatial barriers seems to make KE participation more
accessible to a broader range of people. But we cannot
consider the potential benefits in isolation of ongoing chal-
lenges, which makes the long-term sustainability of digital
KE highly uncertain. Looking to the future, we can assume
that digital collaboration platforms will continue to evolve
and give more options to users. However, in our view, the
long-term efficacy of digital KE likely has less to do with
software features than with two interconnected factors: (1)
the stubborn persistence of the digital divide, and (2) peo-
ple’s abilities to make and maintain meaningful social con-
nections and trusting relationships in the absence of regu-
lar in-person, face-to-face contact.

On the first point, the digital divide is a multi-dimen-
sional problem that includes challenges of access, ease of
use, and capacity. Marginalized people are less likely to
be regular Internet users, and residents of poorer urban
and rural areas are less likely to have in-home broadband
(Reddick et al. 2020, p. 1). These problems are exacer-
bated in rural areas where Internet infrastructure is under-
developed (Maitland 2018, p. 62). Even in rich countries,
reliable high-speed connection to the Internet in remote
areas is inconsistent and often very expensive (Townsend
etal. 2013, p. 583). Metered Internet connections are com-
mon in isolated regions, making videoconferencing more
costly than in urban and peri-urban settings (Hameed et al.
2018). Access to quiet indoor spaces for digital meetings
can be limited due to crowded housing and remote work
locations. Lack of day-to-day familiarity with online tools
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is also an important digital divide, and may limit the par-
ticipation of older persons, the less formally educated,
and people with low technological literacy (Freeman et al.
2020, p. 1947).

On the second point, a major challenge to digital KE
over the long term is the fact that knowledge sharing and
exchange as processes rely so strongly on social connec-
tions and trust (Reed et al. 2014). However, not all forms
of knowledge can be exchanged online. This point is par-
ticularly salient for agencies such as CFS, which seek to
build and maintain relationships with potential knowledge
users beyond the scientific community and beyond govern-
ment. The knowledge held in oral, experiential and place-
based forms is developed and communicated by taking part
in practices, by close observation of forests, or by getting
acquainted with forestry practitioners in their own working
environment, in industry or elsewhere. It is unknown at this
point whether online meetings and collaboration can gen-
erate and maintain the same kinds of informal exchanges,
friendship development, trust building, and networking as
face-to-face interactions (Schwarz et al. 2020).

While the COVID pandemic pushed many teams and net-
works to meet and collaborate virtually, these generally built
on existing relationships forged at least partially in-person,
as described by a participant: “...when we present ourselves
to stakeholders or partners every year, they remember us
and sometimes I think the memory of us is very important.
So, it's very different than sending email saying do you have
something for me? Do you have something from us?” (Par-
ticipant 9).

If digital KE is to persist long-term in a digital-first world,
people will need to find a way to replicate the social nuances
of trust building and contextual understanding that we are
accustomed to doing in the physical presence of others. Can
we “get to know someone” enough to build trust and good-
will within a virtual environment where conversations are
difficult, cameras are turned on and/or off, interruptions and
distractions are frequent, and facial and body language cues
are difficult to discern? Existing research is preliminary,
suggesting that effective digital collaboration is possible for
teams of trained knowledge workers within the same organi-
zation (Waizenegger et al. 2020). This is definitively not the
case for CFS, whose KE stakeholders are economically, cul-
turally, and epistemically heterogeneous. The limitations of
digital KE with heterogeneous groups may therefore become
more obvious with time if policymakers and practitioners
try to implement it as a substitute for in-person relationship
building rather than as a complement to unmediated social
interactions.

To couch our perspective on long-term sustainability of
digital KE in the context of the CFS, one of the KE prac-
titioners provide some of their forward looking thoughts
regarding digital KE:
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The reliance on technology. I think that’s going
to be more emphasized rather than let’s have 500
people come to a meeting. We're going to have a
national meeting online. I think there’s going to
be less reliance on travel for big meetings. Smaller
meetings, perhaps. Travel to a certain degree but
I don't see it... that’s a real big variable. Because
there is a certain amount of travel that’s going to be
a necessity. I strongly believe face-to-face conver-
sations must be initiated. This business of relying
solely on video chat is not healthy and doesn't foster
that understanding of the issues. (Participant 6)

There are uncertainties about the post-pandemic world,
particularly with respect to KE and the ways in which we
enact participatory research approaches to foster shared
learnings and enable evidence-informed decision-mak-
ing processes. The long-term effects of this “reset” from
the pandemic are difficult to predict at this moment, but
many scholars argue it is a transformation event and it
is unlikely that the “old normal” will fully return (Fen-
wick et al. 2021). A digital-first world may be inevitable,
thus strategic thinking, planning and research is impor-
tant to inform post-pandemic KE. Social-psychologists
suggest that behavioural change happens during crisis
(Kwasnicka et al. 2016), and thus, we are at a moment in
time that is conducive to shaping how we move forward
post-pandemic.

It is important to note that KE is an iterative and
reflexive practice, not a protocol. This is critical because
KE is highly context specific (e.g. depending on the topic
of KE, scale of issues, stakeholders involved, etc.), and
thus there can be no one-size-fits-all approach to how
KE efforts are implemented (e.g. Cvitanovic and Hob-
day 2018, p. 3). Therefore, while some of the expected
outcomes (positive or negative) of KE may be known
(and planned for) in advance, there is often a mismatch
between the aims, expected outcomes and actual out-
comes of KE processes (Karcher et al. 2021), and thus
unexpected outcomes (positive or negative) can also
occur. Similarly, while some of the pre-conditions of suc-
cessful KE are to some extent predictable, these can also
vary significantly across contexts, representing additional
challenges to KE practitioners during the digital trans-
formation. However, when implemented effectively and
mindfully, KE is also a practice in which outcomes are
co-constructed by those who are involved in the meet-
ing and by the extent to which the issues of concerns of
participants can be voiced and addressed. The extent to
which an online platform enables the expression of issues
of concern, allows participants to respond and collabo-
rate, and facilitates learning and the co-construction of
relevant solutions is an open question.

6 Conclusion—considerations
for post-pandemic knowledge exchange

We conclude our perspective essay with the following three
considerations to help guide future KE efforts and initiatives
in a digital-first world:

1. Consider the double-edge sword of the digital divide and
equity In our article, we discussed both digital divide
and digital equity. Digital KE promises greater reach,
accessibility, and inclusivity. However, total reliance on
digital communications and technologies will not suf-
fice due to the digital divide and the challenge in rep-
licating informal interactions, meaningful discussions,
and personal connections. Further, data security such as
“zoombombing”—the invasion into a non-password dig-
ital meetings—continue to be concerns (Schwarz et al.
2020). Without network support and coverage in remote
and less developed regions, a digital-first world is surely
going to exacerbate the marginalization of people. At
the institutional level, practitioners must not lose sight
of the importance of on-the-ground work and personal
connections.

2. Continue considering user needs Strategies and consider-
ations must be put in place to ensure that the needs of user
groups are still met. It is possible that certain users have
become adept to digital communications or even prefer it.
There is value in revisiting user needs and preferences to
identify the best way forward. This is emphasized by one
of our interviewees: Yes, stuff is changing and we saw it
and we want to evaluate on this. But we have to take the
time to think what we can change to respond to the needs
of the people who came to see us. After COVID, we will
continue to do [original pre-pandemic work] but we have
to change I think. (Participant 9)

3. Leverage the diversification of KE approaches and inno-
vations The acceleration in both digital innovation and
of user access, skills and acceptance of digital work
offers new tools and approaches for the KE toolbox.
With increased access, there will be increased diversity
of audiences and end-users. KE practitioners may lever-
age frequency, rapidity, and innovative approaches of
gathering people virtually to better respond to user needs
and support practice, policy, and decisions.

We conclude our essay with a quote from a KE practi-
tioner on the implications for KE in a digital-first world:

Knowledge exchange is going to be important for us
to get out there [on the ground/in-person]. How that’s
going to happen, I don't know. At this point it’s going
to be all up in the air, and I don't think it’s going to
change within the next year. I've gotten involved on
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the national team to put out Program 4. We're hosting
it here next year. We're sort of adverse to actually hav-
ing it virtual because it’s just not effective to engage
people over video chat. It might be the new reality
but it’s definitely not something that people are going
to be willingly embracing because there is a lot more
accomplished at meetings than just the actual meeting
itself. (CFS KE practitioner, Participant 6)

According to a KE practitioner, it is their job to opti-
mize the use of all tools available in order to leverage the
best possible impact and outcome in the sector. The pan-
demic has introduced challenges to KE work but has pushed
boundaries for diversification of KE approaches, which will
enhance knowledge exchange among diverse audiences and
user groups.
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