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Introduction

ABSTRACT

The landscape of post-secondary education has experienced a dramatic change in student
outcomes over the past 20 years. The expectation for students in advanced education was a
career in research and toward gaining employment in either academia or in government sci-
ence. From our survey of university students and early career professionals, it was clear that
there is an expectation gap between desired and probable post-secondary education out-
comes. Our survey indicated that the majority of trainees, regardless of level of education,
undervalue the importance of written and oral communication skills and overvalue specific
methodological understanding relative to those employed in the field. While some of these
dichotomies can be explained by the relative lack of experience of students, it also points
to the nature of the foci of our training. While we are concerned with the production of the
next leaders in remote sensing science, most will have careers that are different from their
training. There is an opportunity to optimize the post-secondary education experience (stu-
dent and faculty) with the inclusion of a broader view toward career outcomes.

RESUME

Le paysage de I'éducation postsecondaire a connu un changement radical dans les attentes
des étudiants au cours des 20 dernieres années. Les attentes des étudiants aux études
supérieures étaient une carriere en recherche et I'obtention d'un emploi dans le milieu uni-
versitaire ou dans les laboratoires de recherche gouvernementaux. D’apres notre sondage
aupres des étudiants universitaires et des professionnels en début de carriere, il est clair
qu'il existe présentement une différence entre les emplois souhaités et ceux probables suite
a l'obtention d'un diplome postsecondaire. Notre enquéte a révélé que la majorité des
stagiaires, quel que soit leur niveau d'instruction, sous-évaluent I'importance des compéten-
ces en communication écrite et orale et surévaluent la compréhension des méthodologies
spécifiques employées dans leur domaine. Si certaines de ces dichotomies s'expliquent par
le manque relatif d'expérience des étudiants, elles soulignent également la nature des orien-
tations de notre formation. Bien que nous nous préoccupions de I'éducation des prochains
chefs de file en sciences de la télédétection, la plupart auront des carrieres dans des
domaines différents. Il est possible d'optimiser I'expérience des études postsecondaires
(étudiants et professeurs) en insérant une vision plus grande des opportunités de carriere.
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is toward a future that uses more

The rapid expansion of remote sensing science and
the need for accurate geospatial technology to manage
our ever-changing planet has resulted in disruptive
forces in remote sensing education. There is little
doubt that the current trend in industry and

remotely sensed data. This has resulted in a shift to
advanced data science and analytics with non-experts
in remote sensing often responsible for producing and
interpreting remotely sensed data products. This has
forced the remote sensing education community to

CONTACT Laura E. Chasmer @ laura.chasmer@uleth.ca

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed,

or built upon in any way.



2 . CHASMER ET AL.

rethink the skills that are being taught, considering
these developing trends. The rapid growth in the
Earth Observation (EO) ecosystem, data availability
and democratization of remote sensing has been the
driver of this disruptive innovation trend. The concept
of disruptive innovations (Bower and Christensen
1995) is found when the technologies and practices
within a discipline are challenged by innovators from
outside of the discipline. These innovations are often
important because they provide solutions that are out-
side of traditional approaches. For example, beginning
with the release of the Landsat Archive in 2008 and
the subsequent development of cloud-based platforms
like Google Earth Engine, non-experts have had wide-
spread and easy access to remotely sensed data, as
well as to the simple tools needed for analysis (Bodzin
et al. 2014). Such access by non-experts dramatically
increased the use of remotely sensed data beyond typ-
ical research and development applications (Bodzin
2011). Furthermore, easy access to remotely sensed
data also allowed users to gain knowledge about the
arrangement of natural and human-built features on
the Earth’s surface, their spatial representation, the
relationships between them, and new methods of
interpretation (Golledge 2002).

An example of the proliferation of the use of
remotely sensed data is provided by Marcus and
Fonstad (2010). They note significant interest in the
use of remotely sensed data for better understanding,
monitoring, and managing of river systems. While
some of the articles reviewed by Marcus and Fonstad
(2010) developed new methods for understanding
these systems, almost as many papers were written by
new users who applied image interpretation methods.
Further, a review of the literature by Chasmer et al.
(2020) found that almost one third of papers that
used remotely sensed data for understanding wetland
characteristics, function, and change since 2003 were
published in non-remote sensing journals. The highest
proportion (more than one half) were published in
hydro-ecology journals in 2009 following the public
release of the Landsat Archive. This indicates that
there is significant interest in the use of spatial and
temporal data by non-experts in remote sensing,
which was also identified in Bernd et al. (2017), espe-
cially as funding initiatives and agencies are advocat-
ing for the use of remotely sensed data for a better
understanding of Earth and human systems (e.g.,
Sankey 2018).

Earth Observation (EO) has early roots in photog-
raphy and became operational during World War 1
(Melesse et al. 2007). However, the concept of

accessible remotely sensed data began more recently
with the EO Summit called by then President of the
United States, George W. Bush on July 31, 2003, ena-
bling untapped expansion of data use and application.
The creation of a Global Earth Observation System of
Systems following the EO Summit has been a success
and all the hallmarks of a successful system are pre-
sent: there is a high degree of international-level
cooperation, system diversity, and redundancy (con-
stellations of systems). This has provided a clear
vision for our current and future EO ecosystem. As a
result, the accessibility of EO data and the acceptance
and daily use of such data has been extensive; the
public is exposed to EO data daily through Google
Earth/Maps, Bing Maps, and numerous other online
platforms (Butler 2006; Yu and Gong 2012; Bey et al.
2016). This exposure occurs when watching the daily
news on television, mobile mapping applications for
smart phones, following the GPS in cars, playing
games (such as Geocaching), and so on. There is no
doubt that early exposure to publicly available imagery
and through elementary and secondary school pro-
grams (e.g., Huynh and Sharpe 2013) has increased
interest in remote sensing tools and data (Gil-
Docampo et al. 2019). As such, there has also been an
unprecedented proliferation of the use of remotely
sensed data by non-experts (Yu and Gong 2012).
Non-experts have also been instrumental in the use of
crowd sourcing to identify land cover changes, map
communities, identify hazards, and other applications
(e.g., See et al. 2013). Similar to the use by non-expert
user discipline scientists and social scientists, crowd
sourcing has increased the rapidity with which the
environment is examined and interpreted using non-
physical contact (e.g., Marcus and Fonstad 2010; Van
Coillie et al. 2014). While errors in crowd-sourced
data interpretation exist (e.g., Van Coillie et al. 2014),
Goodchild (2009) noted that there is also growing rec-
ognition of benefits of community/public engagement
with the academic community through the use of
remotely sensed data.

Interest in the identification and organization of
objects on the Earth’s surface allows consumers of
geographic information to better understand human
and physical environments. The discipline of geog-
raphy, for example, identifies with the idea of spatial
thinking (or thinking spatially, geospatial thinking,
spatial intelligence, or spatial ability; Huynh and
Sharpe 2013). Geographers are especially interested
in spatial patterns and relationships across space and
through time (e.g., Goodchild 2009). Huynh and
Sharpe (2013) found that understanding of



increasingly complex geospatial concepts improves
with cognitive development associated with age and
geographical training. The ability to examine and
interpret spatial information by non-experts may be
akin to groups who are not trained in geospatial
thinking described in Huynh and Sharpe (2013).
Overall, geographic and geospatial thinking is an
important aspect of our understanding of our envir-
onment and often comes naturally or is of interest
throughout various stages of education from youth to
maturity (Huynh and Sharpe 2013).

Based on these observations of an expanding inter-
est in the benefits that remotely sensed data has to
offer, the following question was proposed by profes-
sionals and students/post-doctoral fellows (herein
“trainees”) and early career professionals at the
Canadian Remote Sensing Symposium in July 2020:

What is the direction that education is to take on the
preparation of scientists and other professionals in
the area of remote sensing in the future?

Our current graduate-level educational system is
geared toward producing graduates trained for careers
in research. From the early stages of undergraduate
education, the goal is to develop and hone skills to
enable trainees to succeed at the frontier of science
(masters) and for them to lead (at the PhD level) new
scientific and technological developments, applications
research, and information generation (Zhang et al.
2020). This model represents the traditional educational
trajectory geared toward the development of academic
scientists and researchers. While this represented a suc-
cessful model when few students pursued post-graduate
education, few careers in academic science and research
currently exist (e.g., Huynh and Hall 2019).

So, while the demand to pursue greater depth of
understanding within remote sensing exists, educa-
tional objectives have not necessarily kept pace with
the outcomes of the trainees. While this is not a new
outcome (the majority of PhDs, regardless of discip-
line, do not work in their area of expertise; Cyranoski
et al. 2011), it is time to prepare graduates for the
careers that they will have, rather than for those that
they won’t. Many educational systems have begun to
alter educational pathways for trainees to enhance
outcomes and manage expectations (Huynh and Hall
2019). Bernd et al. (2017) describe the importance of
geospatial technologies, including remote sensing in
ecology and the need for graduates to obtain a variety
of experiences and soft skills to enhance confidence
and competition in the job market. For example,
Germany is redefining training of PhDs for careers
outside of academia by partnering with industry to
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ensure transferrable skills. A survey of ecologists who
use geospatial data (Bernd et al. 2017) also suggests
that some aspects of training should focus on real-
world applications through internship placements.
Multi-directional communication with stakeholders
have benefits for both trainees and local partners
through networking (for the trainee) and expansion of
new knowledge (for stakeholders). Other countries
have established advancement pathways within public
service that require advanced education. For example,
India requires advanced degrees for national advance-
ment; however, the quality of PhDs is variable
(Cyranoski et al. 2011).

This article reports on the results of a survey con-
ducted in 2020 of people in industry, government and
academia who specialize in remote sensing in Canada
and from a published proceedings article by Ryerson
(2014). The primary goal of this article is to inform
both trainees/early career professionals and educators
of the current and future trends in remote sensing
and opportunities for the next generation of remote
sensing scientists as observed by the community. The
objectives are to:

1. describe the future of remote sensing over the
next 5-10 years as perceived by remote sensing
experts in industry and government;

2. discuss the needs of the remote sensing industry
today; and

3. determine methods to educate trainees in ways
that will connect them to industry needs.

Finally, recommendations are provided for educa-
tors, trainees and early career professionals, and indus-
try experts in remote sensing to continue to advance
innovation in this field now and in the future.

Materials and methods

To conduct this study, a series of survey questions were
developed for the (relatively small) Canadian remote
sensing community (herein, “the community”). The
survey was sent via email to attendees of the Canadian
Remote Sensing Symposium and the larger community
between June and October 2020, resulting in 45 estab-
lished professional respondents, herein “professionals.”
A second survey was sent to trainees and early career
professionals including post-doctoral fellows, of which
50 responded (Figure 1). Both surveys were provided in
English and French to encourage a broad range of
responses relevant to the Canadian community. The
surveys consisted of 28 complementary questions
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Figure 1. Distribution of (a) professional respondent’s current employment, and (b) the employment goals of students and early

career professionals upon completion of their degree training.

Table 1. Examples of complimentary questions asked of professionals and student and early career professionals.

Professionals

Student and early career professionals

What is your current level of education?

What do you think will be the biggest innovations in remote sensing in
the next 5-10years?

What do you consider to be the most valuable learning opportunity
for trainees?

On a scale of 1 to 5, do you believe that recently graduated professionals
at the undergraduate/masters/PhD levels are well-prepared for a
successful career in remote sensing?

From your experience of recent graduates at the undergraduate/masters/
PhD levels, which of the following skills need to be improved upon?
(select all that apply)

What is your current level of education (completed or in progress)?

What do you think will be the biggest innovations in remote sensing in
the next 5-10years?

If you were to choose a networking opportunity, what would it be?

On a scale of 1 to 5, do you believe that your university career has
prepared you for a successful career in remote sensing?

At the undergraduate/masters/PhD level, in which areas do you think your
university education | remote sensing could be improved? (select all
that apply)

designed specifically for established professionals vs. stu-
dent and young professionals’ experiences (examples
provided in Table 1). While not all questions are pre-
sented, the contrast between respondent groups for the
most topical questions provides insight into the current
state of student preparedness and the current (and
future) state of industry requirements.

The questions for both respondent groups consisted
of short answer ranking of importance of terms the
authors deemed important (e.g., oral and presentation
skills) and requests for respondents to include answers
that were not provided in lists. Both word “pick lists”
and short answers to the survey questions provided
an opportunity to quantify and illustrate the import-
ance of the responses from both groups. Numerous
methods were used to culminate and compare
responses to the complimentary questions. Questions
that required ranking of a set of answers/words were
counted based on votes of importance and ranks were
illustrated using graphs and descriptive statistics. The
ranking of answer terms determined based on the
proportional frequency for terms deemed “important”
were also compared between professional and
undergraduate/graduate respondents, in particular.
lustrative methods and classification were used to

synthesize and group short answer phrases and words
used by the respondents. For example, the frequency
of words in short answer responses were used to gen-
erate a “word cloud,” where the frequency of word
usage corresponds to the size of the text font. Short
answers were also divided into base competencies
learned in university versus industry skills that were a
noted requirement described by professionals. In
many cases, direct responses were also provided in
quotations as these included ideas and advice beyond
descriptive statistics, illustrative diagrams, and charts.
Survey respondents were primarily PhD candidates
(n=22/50) who attended the Canadian Symposium
on Remote Sensing in July 2020. From this group, 10
indicated that they were targeting an academic pos-
ition (45%). Of the master’s candidates surveyed
(n=20/50), 12 (60%) were seeking positions in gov-
ernment, while 5 (25%) had an interest in working in

industry. Only a few undergraduate trainees
responded to the survey (n=7), ~40% desired
careers in industry. Figure 1 speaks to the

current expectations of trainees and the critical
need to provide them with more realistic
expectations and employment options in the remote
sensing sector.
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Figure 2. Perceived areas of significant development over the next 5-10years by remote sensing professionals versus trainees and

early career professionals.

Results and discussion

Direction of the remote sensing industry: Next
5-10 years and current challenges

The democratization of remotely sensed data has
allowed interested experts and non-expert users alike
to examine the spatial patterns found on the surface
of the Earth. To compare these patterns and to look
deeply back in time at the ways in which the environ-
ment has changed is enticing. People want to look at
their old homes of the past, their favorite places to
visit, and new places they have yet to travel to, collect-
ing images and places on digital media (Gazzard
2011). In addition to this, remotely sensed data have
been continuously collected over the Earth’s surface
for decades. Thus, one can truly observe the Earth’s
surface, “everywhere, all of the time,” as Baldocchi
stated with regard to eddy covariance flux information
(Baldocchi 2014). A significant shift in the use of
remotely sensed data by non-experts has been
observed. These non-expert users are operating in the
domain of remote sensing via online visualization and
simple analyses, while remote sensing experts have
pushed further into areas of big EO data use, complex
algorithm development, and the intricacies of radar
and hyperspectral remote sensing. One professional
survey respondent noted:

Promotion and development of further online Google
Earth Engine style applications puts application
development in the hands of domain experts and
limits the need for applications specialists in only
remote sensing or other geospatial technologies -
democratization of remote sensing. This leads to new
problems as non-experts try to deal with some of the
challenges [of remote sensing].

Recognizing the shifting use of remotely sensed
data today, the curious student or post-doctoral fellow
may ask: How will the field of remote sensing change
in the future? And Will I be ready for these changes?
These are important questions. Further, the ability to
predict how the field will change in the next
5-10years will enable educators to best position the
next generation of remote sensing experts to ensure
forward movement of technology, methods, and appli-
cations development.

The most significant growth area in remote sensing
within the next 5-10years noted by professionals
responding to this survey was in the areas of big data
ingestion and online and cloud computing/analysis
software (Figure 2). Artificial intelligence algorithm
development was also an area expected to grow in the
coming years with increases in classification and
assessment of the Earth’s surface and ingestion of
multiple data sources for thematic information. One
respondent suggested:

development of [highly qualified personnel] will be
the most important topic in remote sensing ... [to]

also  exploit the many [Space-Based Earth
Observation] data archives we already have.

Another suggests that:

fully automated workflows - from acquisition to

decision-making; i.e., removing people from the
workflow by implementing [artificial intelligence] will
become the norm.

Yet, others disagree, suggesting that the need for
high-accuracy inputs for science-based decision-
making demands continuing human involvement in
all but the most routine analyses. Thus, there are
opposing opinions from the group of professionals.
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Trainee and early career professional responses were
similar, with a higher proportion suggesting that data
from microsatellites would become increasingly
important in the future, while the development of
artificial intelligence and other new methods for clas-
sifying data would begin to wane (Figure 2).

The movement toward new algorithms for big data
ingestion highlights a clear demarcation of the future
role of the remote sensing scientist compared to that
of non-expert users of remotely sensed data. The dis-
cipline of remote sensing may well see a shift, as one
respondent noted, from “‘what is’ or ‘what was’ into
‘What will be’ and ‘why it matters.”” One may assume
that the advanced use of multiple data streams within
a big EO data framework using advanced algorithms
using artificial intelligence will require the ability to
understand complex environmental issues, have math-
ematical and geostatistical prowess, and be able to
work with computer coding languages and software
development to process such data. This will allow
remote sensing experts to create information to
answer increasingly complex global issues, possibly
within a team-based process involving in depth
remote sensing and discipline expertise working
together. In such an environment accumulation of
advanced knowledge across multiple disciplines at the
same time will be difficult and require hitherto unex-
plored approaches to problem solving. Non-experts
may continue to examine localized problems, applying
more traditional methods of analysis. Alternatively,
big data analysts in the computational sciences may
advance big EO data use in concert with a lack of
knowledge of how Earth and environmental systems
work, potentially producing unrealistic or highly
uncertain results (Table 2).

However, such a shift in the use of the technology
and data could well lead to “disruptive use” rather
than disruptive innovation in remote sensing. One
respondent stated:

Continued development of [unmanned aerial vehicles/
remotely piloted aircraft systems] and opening of new
remote sensing markets [would result in] disruptive
technology where there is a lack of remote
sensing background.

Approximately one third of professional respond-
ents identified that new applications development in
areas not typically examined using remotely sensed
data would continue to become increasingly import-
ant, which could also result in exploratory-type activ-
ities by non-experts.

While it is important to understand where remote
sensing innovations will occur, one may also ask the

question: What are the
remote sensing?

The challenges that will be faced in the next
5-10years are difficult to determine, especially with
new technology and methodological advancements,
relatively unforeseen global issues (for example, the
current COVID-19 pandemic), and changes in the
ways in which society operates. Despite this, there are
some challenging areas that may continue to pose
problems in the future. When asked about the chal-
lenges experienced today, respondents described the
biggest issues, culminating in the magnitude/frequency
of key words in Figure 3.

Themes arising from the discussion by professio-
nals from the survey question: “Describe in 1-2 sen-
tences what you think are the biggest challenges facing
remote sensing today” are as follows, ranked in order
of importance:

Data and technology limitations:

greatest  challenges  to

The sheer volume of data (5 respondents)
Data-sharing policies or lack thereof (4 respondents)
Debt faced by countries for supporting deployment
of remote sensing technologies (4 respondents)

Skills and knowledge limitations:

o The application of remotely sensed data by tech-
nical experts who lack fundamental understanding
of the Earth System (6 respondents)

e The desire to continue to encourage and broaden
the use of remote sensing technologies by non-
experts and in non-traditional areas of application
(5 respondents)

e Need for advanced computer and programming
skills (2 respondents)

Some thoughts from the community of
professionals have been divided into themes in
Table 2.

Based on the distillation of the major challenges
faced in the discipline of remote sensing today, train-
ing of the next generation of remote sensing scientists
should include a focus on:

1. computer programming, big data ingestion, and
multi-sensor integration of thematic information;

2. the necessary requirement that the application of
remote sensing and knowledge generation must
also incorporate an understanding of the environ-
ment in which it is applied; and

3. training of non-experts in remote sensing on how
to use and interpret remotely sensed data.
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Table 2. The culmination of major issues faced by remote sensing today and insightful comments by respondents.

Issue

Responder comments

Data volume

(Lack of) data
sharing policies

Expense of remote
sensing technology
Requirement of advanced

computing/
programming skills

Use of remote sensing by
non-experts and in non-
traditional areas
Application of remote
sensing with technical
understanding, but
lacking fundamental
understanding of the
Earth system

“The extreme amount of data, platforms and sensors are overloading the ability to process data”

“the time and effort it takes to process imagery. When working over large areas, processing imagery from multiple
sensors, seasons, years, etc. can take too long to warrant doing, but could improve the output product”

“Keeping pace with petabyte stream of data. We have way more data than we can handle, hence the need for
[artificial intelligence] to help

“lots of unused data either through lock-up (close-data policy of nations...) or inability to access and process all
available data fast enough, anywhere”

“Many useful types of remote sensing are privatized and the data are prohibitively expensive for research
applications. Restrictive data sharing agreements and “unshareable” data sources limit our ability to push the
science forward”

“Data continuity and the risk of governments facing large debt and deficits are cutting back on EO missions”

“Skills required by remote sensing professionals increasingly [require] programming and software development. Big
data and cloud computing”

“Complexity of algorithms and limited (open) access to experimental data/scripts hurts the basic principles of
scientific method: repeatability of methodological design. There is a limited means to take published approaches
and operationalize them, eight due to copyright or the [investigator] willingness to share data”

“As the field continues to grow so rapidly...one of the biggest challenges is having students and young workers
properly trained with the right skills. Where do they start? Do our universities properly equip students with the

skills necessary to thrive in the field of remote sensing? And if not, how do we change our programs to meet
the demands of this rapidly changing field?”

...we have a lot of Space-based EO data already in our possession and the future is indicating an exponential
growth in different sensors and instruments. It is essential that we have the [highly qualified personnel] HQP to
develop the algorithms etc. to fully exploit this. The quantity of data and ensuring the “right” distillation of this
data into meaningful information for society requires more HQP and more proliferation of “remote sensing” and
“earth observation” in school curriculums”

“General public lack of understanding of the data”

“Managing the heterogeneous range of remote sensing capabilities that exist and coordinating innovations/

advancements across fields”

“Think cooking: too many ingredients or too few and the result is not good, but just the right amount and all is
good. Remote sensing is, to a degree, falling into the trap that adding more data will make a better “meal”. The
trick is to understand what is the best data to get the right results, which relies on understanding the
underlying biophysics of the application”

...the biggest challenge to the remote sensing community is an over-emphasis on the technical aspects of
[remote sensing] applications, with insufficient attention paid to institutional issues, application issues, true utility
and ethics. We can do so much now, but the core question for me is what SHOULD we do? How can [remote
sensing] truly contribute to solving the knotty problems (including mitigating the effects of climate change)?”

“I think that remote sensing technology has two big challenges: 1. Determination, integration, and analyses of
socio-ecological and socio-economic parameters using remote sensing data, | mean that Remote Sensors are very
good to study structures, functions, and changes of natural and artificial landscapes, but the analysis and
detection of the dynamics of human factors that affect the systems need a lot of improvement. 2. Real-time
detection of change. For example, we always detect deforestation after it happens. We need more preventative
remote sensing”

“A tendency to lack fundamental understanding of physical/ecological parameters underlying the attributes and
phenomena we aim to map and track through remote sensing. For example, a jump to wide-area-mapping and
parameterisation of forest attributes without a forest ecology understanding or local knowledge of forest
conditions. We need more field training and training of topical areas in which remote sensing is applied”

“Too many people in the field see themselves as “remote sensing specialists” but they have little or no background
in either the physics or in the user disciplines such as forestry, agriculture, and the like. Such specialists tend to
make mistakes and give us all a bad name”

These will be discussed in the following sections,
while also integrating aspects of job readiness to

position  trainees
and government.

areas beyond academia

thereby providing important information for non-
remote sensing stakeholders.

Enterprising students and post-doctoral fellows
may ask:

What are the most optimal set of skills that would
allow me to navigate through my career from

Industry needs from graduates, today

Using predictions of the direction of the field of
remote sensing over the next 5-10years from profes-
sional respondents and integrated training of student
trainees and early career professionals in these areas,
one must also recognize the need for trainees to
acquire “job-readiness” skills. These skills and compe-
tencies will enhance the dissemination of results,

university and into the workforce directly related to
remote sensing and peripheral fields?

The results of the survey of established remote
sensing professionals point toward critical areas of
education needing improvement. Figure 4 graphically
depicts the skills and abilities needed to increase base-
line competencies and largely confirms the skills and
abilities summarized in Ryerson (2014; Figure 5). Of
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particular interest is the importance accorded to writ-
ing, oral presentation and communications skills, also
indicated by survey respondents and noted in several
news articles on the topic (e.g., Leef 2013). Of the
remaining 12 skills and abilities noted by Ryerson
(2014; Figure 5) all but the last three listed (identified
with *) were among those most frequently identified
by the established professional respondents. This con-
firms a recent study in the US by Markow et al.
(2019), who examined more than 150 million job
advertisements and 56 million resumés between 2007
and 2018. From these, they identified the most
important foundational skills of the digital economy.
Communication and the ability to write were identi-
fied by 56% of survey respondents and by Markow
et al. (2019) in three of four “Building Blocks Skills”:
Human Skills, Domain Knowledge, and Business
Enabler Skills. This clearly illustrated the importance

Figure 3. Word cloud of respondent answers to the question:
What are the biggest challenges facing remote sensing today?

Distinguishing
Competencies
Excellent oral and written
communication skills;
experiential understanding;
ability to work
collaboratively; creative
problem solving

Trainees can advance their
career by adding more
valuable and specialised
skills; integrating study via
industry/government
internships

Value of skills

Scope of demand for skills

Training and adoption of
transferrable skills valued
across jobs through

of the ability to communicate within the job market.
In combination with other foundational skills
including creativity, critical thinking, analytical skills,
communicating data, project management, and
managing/analyzing data, some of which were also
found in survey responses on the use of remote sens-
ing data and understanding in ecology in Bernd et al.
(2017) and Plonski (2019). Enhancing these skills will
ensure a smoother transition into the job market for
remote sensing university graduates.

In addition to survey responses, Bloomberg (2015)
did a study of desirable skills for business school grad-
uates based on responses from 1320 recruiters from
600 companies. They identified skills that are highly
desirable but not often found in recent graduates,
including strategic thinking, creative problem solving,
leadership skills, and communication skills (Table 3).
Other skills identified as desirable, but more common,
included analytical thinking, adaptability, and indus-
try-related experience. In addition to these, charisma
and collaboration potential were also important skills
for preparation of student success beyond the prestige
of the university (for computer science majors) identi-
fied in Way et al. (2019). While Bloomberg (2015)
focused on business schools and the needs of industry
for their graduates, the summary of required skills

Core
Competencies

Understanding of

topical areas;

programming;

applications
Baseline
Competencies

Introductory state of
art of methods;
field experience

)

practice

Figure 4. Weighted importance of baseline to distinguishing competencies and skills determined from survey respondents and

adapted from Markow et al. (2019).



Industry Expectations

* Estimate tasks required to meet a
project’s objectives and time required
* Understand the exigencies of business, v

profit and loss

Industry Skills

Communication

* Deal with clients with confidence
* Clearly explain the science for a

non-scientific audience

Base
Competencies
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Professionalism
*  Work quickly, and understand that
deadlines are deadlines*
Long hours may be required*
* Manage technical staff*

Problem Solving

* Be able to apply knowledge to a
broad array of problems

Required Skills

* Write concisely and clearly in the main working language
* Be able to identify and summarize the literature
* Understand what is research and applied solutions for a client
* Focus on the problem and solve it!

Figure 5. Baseline competencies as required skills for remote sensing scientists and division of industry-required skills adapted

from Ryerson (2014).

Table 3. Matching between respondent identification of desirable skills of remote sensing trainees and early career professionals
vs. generalized business skills considered common and more desired from Bloomberg (2015).

Desirable skills of remote sensing trainees

Generalized less common, more desired skills

Writing and oral presentation skills

Applied activities hands-on or experiential learning
Understanding of remote sensing applications
Understanding of topical areas (e.g., forestry, agriculture)
Field validation

Understanding of state-of-the-art methods/algorithms
Outreach activities

Communication skills

Ability to work collaboratively/industry-related work experience
Creative problem solving/adaptability

Creative problem solving

Adaptability/strategic thinking

Strategic thinking

Communication skills

provided in the article also supports desired skills
identified for the field of remote sensing.

The differences in respondent’s impression of
important remote sensing knowledge skills between
undergraduate and graduate students, young profes-
sionals, and professional respondents is illustrated in
Figure 6. In the survey, the results show that as train-
ees gain more experience, graduate students place
more importance on writing and presentation skills
and have grown confidence in understanding applica-
tions. As a result, graduate students place little
importance on technologies and less emphasis on
independent research as an important component of
remote sensing.

Large differences were also observed between train-
ees and professionals. The major difference occurred
in the value placed on writing and oral presentation
skills, also noted above: more than three times the
number of professionals indicated these skills as
important while trainees tended to emphasize the
understanding of methods (Figure 6). This is not a

surprising result as it clearly shows how learning a
science normally progresses. Two other areas also
showed significant differences. Professionals noted
that applied experience, such as hands-on experiential
learning and laboratory exercises, were more import-
ant than understanding of remote sensing applica-
tions. Of interest in the latter (Figure 6b) is that
undergraduate perceptions were closer to those of the
professionals than were the opinions of the graduate
students. This may be an indication that graduate stu-
dents have developed confidence through their experi-
ence in research. When trainees were asked the
question “Do you believe that your university educa-
tion has prepared you for a successful career in remote
sensing?” 54% of respondents noted high or very high
confidence that their university education has pre-
pared them for successful careers. When compared to
ecology students, for example, who took remote sens-
ing courses, they desired more training in remote
sensing and geospatial technologies to benefit their
career potential (Bernd et al. 2017). This demonstrates
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Figure 6. Magnitude and proportion of respondents’ views on the importance of remote sensing topics and skills by (a) under-
graduate respondents compared with professionals; and (b) graduate respondents compared with professionals. The size of the
bubbles indicates greater differences between trainees and professionals.

a desire for interdisciplinarity among disciplines that
do not typically incorporate the intensity of remote
sensing training in their discipline. This also does not
necessarily mean that trainees in remote sensing disci-
plines have the broad understanding required by the
work force. Plonski (2019) suggests that it is critical
that technological enhancement in education continue,
especially in Earth-based physical sciences like geog-
raphy. Alternatively, graduate students may be influ-
enced by supervising professors where a focus on
methods and advanced technologies is encouraged.
There also appears to be less appreciation of the top-
ical areas in which remote sensing methods are
applied, for example, forestry or agriculture, by train-
ees who focus on remote sensing. Professionals place
almost double the weighting on understanding of
environmental systems compared with gradu-
ate students.

Other interesting contrasting results occurred when
analyzing responses to the weight placed on under-
standing applications and advances in technologies.
The professionals surveyed placed far greater weight

than either student group on understanding applica-
tions and much less importance on advances in tech-
nology. In Hopkinson et al. (2007) respondents to a
survey provided on the need for airborne lidar train-
ing noted that operational priorities were of greatest
interest to industry, while government priorities
included end-user applications. These disparities again
speak to the differences between students learning
about remote sensing and professionals who are work-
ing with remote sensing technology.

While these illustrate differences between university
trainee understanding and professional needs, profes-
sionals have provided a number of tips for recent
graduates and early career professionals. These include
(in order of weighting of importance):

1. 62% of respondents placed high importance on
understanding what the organization/industry
does when applying for a job, how it uses
remotely sensed data, and problems that the
organization is working on or interested
in solving.



2. 38% of respondents suggest reading as much as
possible about the organization before your job
interview and, equally important, think about
how you (the early career professional) will fit
into their organization.

3. 18% suggested that early career applicants should
look into some of the strengths and weaknesses of
the organization, and how they may be able to
navigate these.

In addition to these suggestions, many respondents
(>20%) encourage trainees to become involved in
professional organizations and working groups.
Respondents also encouraged educators to take a
more active role in enabling connections between aca-
demia and industry. It may be the case that the most
enterprising, confident students and early career pro-
fessionals will likely engage in a broader range of
extracurricular activities, become better known, and
may have better opportunities. Such attributes were
also described in Way et al. (2019) in other techno-
logical disciplines.

Education: Connecting trainee learning to
industry needs

The goals and objectives of university education have
been debated since the advent of the modern univer-
sity. The survey results have highlighted a fundamen-
tal disconnect between trainees (all levels) and
professionals in a number of key dimensions.
Through the survey and direct experience, industry
focuses on those attributes that societies create univer-
sities to serve — communication skills, broader under-
standing/knowledge acquisition-transfer, and flexibility
of thought (Table 3). The highly technical nature of
remote sensing leads to the perception by many train-
ees (at all levels) that their future will be one governed
by and focused on technological developments and
advanced algorithms. These were two factors that
industry respondents did not consider a priority
(Figure 6).

The challenge in university instruction is to convey
the reality of the future opportunity without presenting
a dim view. This presents a new question for educators:

How must students be educated and trained to meet
the needs of the remote sensing community, while
also creating opportunities to improve job-readiness
across a range of fields, not necessarily focused on
academic and government remote sensing research-
based initiatives?

Programs that promote cooperative education at
the undergraduate and graduate levels are particularly
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successful at bridging the gap in skill training that
post-secondary education often does not focus on.
While acquiring skills like project management, team
building, and networking are essential once employed,
it is clear that trainees do not usually have a sense of
what industry does or how they may fit into organiza-
tions. These are areas where cooperative education
can bridge the gap and provide trainees with add-
itional tools to assist them in their early careers, espe-
cially if networking experiences enable trainees to
interact with potential employers. Figure 7 illustrates
the importance placed on experiential learning and
networking activities by professionals and trainees.
While most trainee respondents view experience with
industry as highly beneficial to their overall careers,
many respondents noted a preference to careers in
academia or government institutions (Figure 1b)
(although this will be skewed due to the focus of the
trainee survey on conference attendees).

Other missing pieces include feedback from indus-
try into university programs. Past experience with
national-level funding programs (Natural Sciences
and Engineering Research Council of Canada,
Collaborative Research and Training Experience
program, Geomatics for Informed Decisions have pro-
vided some perspective on the need for industry and
government research feedback into post-secondary
education programs; Coburn 2019). There is a clear
needs-gap between the job requirements of industry
and students’ training (Bernd et al. 2017). This gap is
even more apparent in light of disruptive innovation
in the remote sensing sector. Trainees have specific
knowledge on the use and processing of remotely
sensed data but lack experience in implementation of
remote sensing applications. For example, when train-
ees were asked the question: “At the [separated into
undergraduate and graduate] level, in which areas do
you think your university education in remote sensing
could be improved?” 35% of undergraduate students
and 9% of graduate students listed the need for
broader understanding of remote sensing applications.
A complementary question for professionals provides
greater insight of the application of remotely sensed
data across (spatial and temporal) scales: “From your
experience for recent university graduates and the [sep-
arated into undergraduate and graduate] level, which
of the following skills need to be improved upon?”
~51% of respondents suggested improvement of
broad remote sensing applications at the undergradu-
ate level. This was less of a concern (23%) at the
graduate level. These results indicate a desire for
learning outcomes that concentrate on a broader
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Figure 7. Weighting of importance of beyond university experiences from professionals versus trainees.

range of applications, especially at the undergraduate
level. Feedback from industry enhances education, but
without mechanisms to obtain information on future
industry requirements, post-secondary training contin-
ues along a different path. Therefore, it appears that
the research requirements for post-secondary trainee
success are not always at odds with industry needs,
but they are on different paths (Bernd et al. 2017;
Huynh and Hall 2019).

The primary objective of a university education is
to produce an educated society by training in areas of
critical thinking and problem-solving (Teichler 2015).
This objective is often confused or distorted as the
perception of universities as training facilities is con-
trary to the mandate of university education in
Canada. Trainees are not normally aware of the objec-
tives of their education and as tuition has increased
dramatically, they expect outcomes (jobs) that will
allow them to be productive members of societies.
However, as suggested in Teichler (2015), this
depends on shifting competencies (known or other-
wise) of industry.

This study has demonstrated this disconnect in
remote sensing education at the undergraduate and
graduate levels across Canada. The education system
is designed with clearly mandated programs that allow
trainees a degree of focus in their chosen major with
the promise of further depth and sophistication at
more advanced levels (graduate degrees). Broadly, the
objective of graduate programs is to prepare trainees
for careers as scientists through the development of
complex understanding of innovative methods and
demonstrated productivity (e.g., Way et al. 2019). At
the highest level, doctoral programs prepare trainees
to become professors. This study demonstrated that
45% of PhD students surveyed were targeting an aca-
demic job (Figure 1b) when it is known that fewer

than 10% of PhD students ever end up employed in
the academic sector (Cyranoski et al. 2011).

In general, the focus of academia tends to be on
research and post-graduate trainees. Furthermore, fac-
ulty members’ success is defined largely by research
results and publications, not their effectiveness as
teachers preparing trainees for careers. Another way
of looking at the current situation is that the focus is
on the production of research and researchers (Way
et al. 2019). The current study on educating remote
sensing scientists suggests that most trainees will not
pursue occupations in research and thus their educa-
tion may not be properly focused if long-term success
of the graduates is to be one of the end goals. This
issue was also raised in Bernd et al. (2017) and
Huynh and Hall (2019), who suggest other comple-
mentary aspects of training including networking, soft
skills, problem solving, and working in interdisciplin-
ary teams. Hands-on projects were identified in Bernd
et al. (2017) as the most effective method for learning,
while linking research to stakeholders were among the
most important skills required for preparing for
careers outside of academia. The question that must
be asked is: does your curriculum reflect your research
or your trainee’s future? Kugel (1993) identifies five
stages of teaching based on informal observation,
where early stages of teaching maturity may focus on
“self” and subject matter. These shift toward more
complex styles of teaching and learning in later stages
of teaching maturity. In more recent years, shifts in
teaching have also moved toward training of compe-
tencies to ensure career success (Plonski 2019).

Added to this set of contradictory factors is the
changing classroom. With COVID-19, changes to the
classroom that had already begun, notably online or
virtual education, have accelerated. Indeed, some uni-
versities have seen offering online training as a new



income stream, one that is not constrained by the
need to have a physical classroom or limits on class
sizes that are typically seen in classroom education in
remote sensing. Will such courses be the way that
future trainees learn how to apply remote sensing?

This creates additional questions for the education
of the future generations of remote sensing scientists,
which will be determined in time: Where will students
of the future be employed? Will industry characterized
as being in Science, Technology, Engineering, and
Mathematics play a significant role as a receptor of
trainees? Or will more trainees be employed by environ-
mental or natural-resource focused firms? In either case
does the focus of the current approach to education
adequately prepare trainees for these diverse sectors?

Recommendations
Recommendations for university educators

The role of university education is critical for the con-
tinued development of remote sensing. The success of
the Canadian remote sensing community depends on
the ability to continue to produce top-quality research-
ers who develop the technologies and approaches that
lead to broader applications and more jobs. The reality
that the field must face is that there is a growing div-
ide between academic intentions and the reality of the
job market for trainees (Huynh and Hall 2019).
Markow et al. (2019) and others (e.g., Bernd et al.
2017; Huynh and Hall 2019; Zhang et al. 2020) suggest
that higher education needs to ensure that graduates
possess a broader range of skills (human, business, and
digital skills) than are traditionally being taught. The
responses to this survey underpin this point, some of
which have been described for other disciplines that
use remotely sensed or technical data and methods but
are not expert in this field (e.g., Bernd et al. 2017;
Way et al. 2019) or have been described previously
within more technical fields of remote sensing (e.g.,
Hopkinson et al. 2007). Key skills include:

e The fundamentals of remote sensing combined
with an understanding of Earth systems.

e Technical skills such as programming, technolo-
gies, and applications development, with some field
or experiential learning.

e Engage faculty on skillsets of importance to the
remote sensing community beyond academic
research questions of interest to university faculty.

e Include teaching and learning of important skills
of interest to the remote sensing and broader
Earth analytics/digital economy sectors.
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e Focus on writing and presenting, project manage-
ment, critical thinking, and problem solving, apply-
ing creativity to solve problems, data management
and analysis, and business procedures.

e Provide experiential learning activities and provide
documentation (credentials) that demon-
strate competency.

e Encourage professors to do sabbaticals with indus-
try to provide greater connectivity between indus-
try, professor, and trainees within the professor’s
research group.

e Work closely with industry to better understand
and coordinate the current objectives of industry
for within classroom learning, internships, and job-
readiness skills development.

e Provide better communication of the importance
of skills to trainees and early career professionals.

e Encourage recognition of alternate advanced degree
programs that focus on cooperative education or
laddered credentials to achieve advanced degrees.

Recommendations to trainees and early career
professionals

The recommendations for university educators should
be passed along to trainees and early career professio-
nals, and are synthesized from the recommendations
of the survey as well as more generalized results of
Markow et al. (2019):

e While writing and communicating well takes (a lot
of) practice, trainees should value this, and other
job-readiness skills offered by their university edu-
cators, as these will help them advance their
careers beyond post-secondary education.

e Trainees should seek to advance key skills identi-
fied by remote sensing professionals in topical
areas including: algorithm and methodological
application, programming, environmental/Earth
system understanding, industry software standards
(including key skills using online and freely avail-
able software). These skills can be gained through
co-curricular and hands-on learning activities initi-
ated by the trainee.

e Develop strategies in university and via workshops,
micro-credentialing, boot camps, and national cer-
tification of remote sensing professionals to con-
tinuously update and acquire new sKkills.

e Learn by doing: Supplement your education by
becoming involved in volunteer work, internships,
or applied study with industry. Trainees should
organize this themselves as doing so demonstrates
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initiative and increases their presence within
the community.

e Continuously read and explore evolving skill
requirements by reviewing job advertisements,
labor market reports, and directionality of industry
remote sensing developers and data users. Learn
how to identify and apply these skills to fields that
may be on the periphery of remote sensing.

e Connect with and learn from savvy peers and
mentors in the discipline. Discussion is one of the

best ways to learn and recall information.

Recommendations for employers and professional
bodies/societies

There are several recommendations to the scientific,
technical and industry community in the field that
emerge from the findings of this study and the associ-
ated review of the literature. These include:

e Engage with university/college professors to pro-
vide recommendations for the design and updating
of remote sensing course curricula. In return, uni-
versity/college professors should reach out to key
industry players to engage on the latest interests
of industry.

e Provide certification and engage with academia
and industry to establish a set of standards for
remote sensing in Canada.

e Recognize and encourage baseline and core compe-
tencies (Figure 5) while working with university/
college professors and administrators; and develop
distinguishing competencies in the most promis-
ing trainees.

e Continue to promote industry-based learning skills
that expands opportunities for professionals in
industry that link to important skills training of
universities (e.g., new methods and technologies
of interest).

e Work closely with universities to determine and
coordinate the expectations for remote sensing
now and in the future through the use of intern-
ships, job-readiness skills (e.g., business, interper-
sonal and communication skills).

e Enable partnerships between professors and indus-
try through sabbatical programs.

Conclusions

The range and variety of experience brought to the
classroom in Canadian universities is among the best
in the world. In addition, one finds a wide range and

high level of expertise in both government and indus-
try that can be used by universities, professors, and
trainees through industry-academic-government rela-
tionships. By shifting focus to incorporate both aca-
demic and industrial needs in remote sensing,
educators will be better positioned to provide trainees
with knowledge that not only benefits the academic
remote sensing community, but industry and govern-
ment stakeholders as well.

We recommend that the Canadian Remote Sensing
Society (CSRS) explore ways in which this experience
can be shared between and with faculty members, per-
haps through an online database or record of activ-
ities, skills, experiences, and success (e.g., similar to
that disseminated in Teichler 2015). In addition, the
CSRS is encouraged to pursue professional certifica-
tion programs that provide recognized credentialing
for professionals. This will provide quantification and
better understanding of the direction and motivations
of the field of remote sensing, the use of geospatial
data to answer important questions, to inform policy,
and perhaps most importantly, to ensure that the
future generation of remote sensing experts have the
skills needed to continue to grow this dynamic and
critically important area of Earth system monitoring.
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