


Skills for different innovation
activities and stages

Innovation involves different clusters of activities at
different times or stages. Do innovators state preferences
for different skills for different activities and stages?

We asked respondents to select the stage their innovation
project was at when the Mitacs intern joined from the
following options: problem identification and exploration;
solution design, building and/or testing; implementation;
marketing, sales or distribution; or another stage (with

a write-in option). Only two stages featured prominently

in the responses: problem identification and exploration
(48 percent) and solution design, building, and/or

testing (39 percent). Eight percent said they were at the
implementation stage, which offers us only a small sample
to analyze and therefore results in this category should be
treated with caution. This distribution likely reflects focus
of the Mitacs Accelerate and Elevate programs included
in the study.

Looking at the responses from organizations focused
on the three different stages or clusters of activities,

we see both similarities and differences in the skills
required - which maps onto our expectations about high-
level general skills and more specialized activity-focused

skills. Organizations that characterized their innovation
projects as being at a solutions design, building and testing
stage were more likely than those focused on problem
identification and exploration or implementation to say
they needed science skills (69 percent, 60 percent, and 46
percent respectively) and engineering skills (50 percent, 37
percent, and 38 percent, respectively).

Organizations focused on problem identification and
exploration activities were more likely than those at a
solutions design or implementation stage to require critical
thinking and creativity skills (60 percent, 50 percent, and

23 percent, respectively). Social and emotional skills were
more important for those focused on implementation

(31 percent) than those focused on problem identification
(23 percent) or solutions design (16 percent). Notably,

the need for digital skills was about the same for all three
stages of innovation, confirming the increasingly general
importance of digital skills for innovation. The differences
in skills required at each innovation stage are not especially
stark across all skills categories, so the best conclusion
might be to say that different stages and activities have
varying skills emphases.
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Figure 8

Complementary Skills for Different Innovations
Proportion of employers that that deem these very important for at least one member of the team to possess
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Problem identification and solutions design the most common stages
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Innovation agents:
Individuals and teams

Innovation is a team sport, not an individual event.

Do survey responses reveal distinctions among general
innovation skills - i.e., skills required by all members

of an innovation team - and specialized innovation
skills - i.e., skills required by only a subset of innovation
team members? When asking organizations to rate the
importance of skills for their Mitacs-supported innovation
project we prompted them to distinguish between skills
they needed in at least one member of their innovation
team and skills they needed from the Mitacs intern
specifically. The responses revealed some interesting
insights about individual and team skills.

Various management and sales skills stand out quite
starkly as skills organizations need on their teams, but
not by their Mitacs intern - or, presumably, other new
employees - specifically. We see a 41 percentage point
difference between the proportion of organizations who
said team management skills were important for the
team as a whole versus important for their Mitacs intern
specifically, as well as 32 percentage point differences for
project management, financial management, and strategy
and planning skills. A 12 percentage point difference
between team versus intern need for networking and

relationship building, and nine percentage points for sales
were also reported. Simply put, there are skills for many
management and leadership functions that respondents
need in their organizations, but only among key employees.

Interestingly, there was an eight percentage point
difference in the proportion of organizations stating

that literature reviews were ‘very important’ for interns
specifically versus the team as a whole to have - which
suggests that some innovators view some skills as not
only important and specialized, but also not necessary on
their teams generally. These are skills they can pull in as
necessary through internships and/or external procurement
and contracting.

Meanwhile, we see little difference in the share of
organizations who view a range of technical and
complementary skills as important for their teams and
interns specifically. The level of importance attached to
these skills varies by type and stage of innovation, but
when an organization flags a skill as important, they see
it as universally required.
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Figure 11
Management skills critical for innovation - but not everyone needs them
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| Interns’ perspectives

on skills for innovation

Over the course of their education and careers, students
and workers are prompted to make a number of difficult
choices about which skills to develop, including skills

for innovation. The choices are difficult because skills
development requires investments of time and resources,
often with an uncertain return. Reducing that uncertainty
- and thereby enabling more informed choices - is an
ongoing challenge. Information from employers about
their innovation skills needs is an essential input. Just as
valuable to reducing uncertainty and improving decision-
making are students’ and workers’ own insights gained
from internships and employment about what skills they
use and what skills they lack.

Our survey of Mitacs interns prompted them to reflect on
the skills they used in their innovation internships and their
sense of whether they have developed the necessary skills
sufficiently. When considered together, responses on use
and confidence reveal important and instructive insights
about what skills are required for innovation and how much
room there is for students and workers - with employers,
educators, and other organizations’ support - to improve
those skills. Additionally, when we compare organizations’
responses about their need for certain skills with interns’
self-reported confidence in those skills, we gain another
set of signals about the skills that might need further
development.

Use of and confidence in skills for innovation

Looking at technical skills, intern responses reveal many
gaps between frequency of use and confidence. Consistent
with organizations’ insights, interns reported frequent

use of basic data and digital skills, including productivity
software (65 percent) and spreadsheets and visualizations
(62 percent). Yet, interns’ self-reported confidence in

those skills reached just 54 and 51 percent, respectively.
Similarly, 64 percent of interns reported being involved in
literature reviews as part of their innovation project, but
only 44 percent said that they felt very confident about their
literature review skills. In fact, there are gaps between use
and confidence rates across almost all the technical skills
we asked interns to consider.

Over the course of their education and careers, 1
students and workers are prompted to make a
number of difficult choices about which skills

to develop, including skills for innovation. The

choices are difficult because skills development
requires investments of time and resources,
often with an uncertain return.

L

The most frequently used complementary skill in
innovation, according to interns, was critical thinking

and problem-solving. Seventy percent of interns said

they frequently used this skill, but only 43 percent feel

very confident in this skill. The pervasiveness of critical
thinking and problem-solving is across innovation activities
and stages; improving confidence is an imperative for
innovation skills development. Interns also reported
frequently using many social and emotional skills - such as
listening (61 percent), curiosity (58 percent), responsibility
(58 percent), and collaboration and teamwork (56 percent).
Yet, again, for all these skills, confidence lags significantly
behind frequency of use.

Interestingly, some of the lowest levels of confidence
are seen in two of the management skills - team
management (19 percent) and project management (24
percent). For team management, this does not appear
to be an especially big problem since only 26 percent of
students said that they used team management skills
during their internship, but as 43 percent said they used
project management skills, there may be a need for skills
development in these management-specific skills.
Overall, there are many areas for improvement in
students’ skills development.
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Organizations’ need for
and interns’ confidence

in skills for innovation

There are also discrepancies between organizations’ stated
skills requirements and interns’ confidence in their ability to
put these skills to use. In this case we compare the share
of organizations who said it was very important for the
intern specifically to have a skill with the share of students
who said they felt very confident in that skill.

For technical skills, the largest gaps emerge in literature
review skills (60 percent importance versus 44 percent
confidence), scientific principles and methods (48 percent
importance versus 34 percent confidence), advanced data
(33 percent importance versus 21 percent confidence), and
mathematics and statistics (32 percent importance versus
22 percent confidence).

By contrast, there are some basic data and digital skills in
which students’ confidence outpaces employers’ stated

need. Interns are very confident with their basic data
skills (51 percent) and use of productivity software (54
percent), but only 40 percent of organizations said it was
very important for interns to have basic data skills and
31 percent said productivity software skills were very
important. This is not evidence of a skills surplus, but
instead a good sign that many students are ready to use
skills that organizations need.

The 10 technical skills that are most important for
employers directly matched the 10 skills students were
most confident using, albeit in a very different order. This
suggests that there is considerable overlap in the supply
and demand for skills. However, there is also room for
improvement when it comes to skills development.




Figure 12

Students’ use vs confidence in technical skills
Proportion of students; n=608
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In terms of complementary skills, the largest gaps Notably, while students’ confidence in key social and
between organizations’ needs and student confidence emotional skills could be higher, there are few noticeable
emerge in critical thinking and problem-solving skills gaps between the share of organizations flagging certain
(65 percent importance versus 43 percent confidence), social and emotional skills as very important for the
and a number of design thinking skills — including intern to have and interns self-reported confidence in
solutions design (48 percent importance versus those skills. This is most evident in empathy (34 percent
26 percent confidence), problem identification (51 importance versus 38 percent confidence), emotional
percent importance versus 40 percent confidence), and control (31 percent importance versus 32 percent
prototyping and testing (37 percent importance versus confidence), and tolerance (30 percent importance versus

19 percent confidence). Collaboration and teamwork also 35 percent confidence).
show a significant gap (55 percent importance versus 42
percent confidence).
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Students’ use vs confidence in complementary skills
Proportion of students; n=608
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Figure 14

Confidence in Key Technical Skills Lags Organizations' Needs
Proportion of employers (n=164) and proportion of students (N=608)
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Chart 4: Comparing top 10 most frequently selected technical skills

Employers: Very important Students: Very confident

Literature review Productivity software (e.g. Microsoft Office)
Scientific principles and methods Basic data (e.g spreadsheets/ analysis/ visualization)
Basic data (e.g spreadsheets/ analysis/ visualization) Literature review

Computer science Scientific principles and methods

Advanced data (e.g. modelling, machine learning) Computer science

Mathematics and statistics Programming and software

Productivity software (e.g. Microsoft Office) Mathematics and statistics

Programming and software Advanced data (e.g. modelling, machine learning)
Interviews Interviews

Case studies Case studies
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Room for Improvement in Students' Complementary Skills Confidence
Proportion of employers (n=164) and proportion of students (N=608)
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Like technical skills, there is considerable overlap in the 10 complementary skills that are most important for
employers and the 10 skills students are most confident using. However, there is once again room for improvement
in key areas. For example, employers’ emphasis on the importance of judgment and decision-making, problem
solving and identification, and teamwork (to name a few) far exceeds students’ confidence in using these skills.

Chart 5: Comparing top 10 most frequently selected complementary skills

Employers: Very important

Critical thinking/problem-solving

Students: Very confident

Listening

Curiosity

Curiosity

Collaboration + teamwork

Responsibility

Problem identification

Critical thinking/problem-solving

Listening Writing

Responsibility Presenting

Solutions design Collaboration + teamwork
Creativity Empathy

Writing Creativity

Judgment and decision-making Tolerance

Again, while the questions posed to interns about use and confidence, and to organizations about importance, of
certain skills are not directly aligned, viewing results from these questions adjacently reveals some gaps worth
thinking about. Clearly, there is room for improving a number of skills among interns and students to sharpen
Canada’s innovation skills advantage. The best skills development plans likely start with students’ own experiences
and are individualized to their needs and aspirations in innovation.

Mitacs Skills for Innovation 31



Implications for innovation

skills development

Identifying the skills needed for innovation is not
straightforward. There are general skills that all people
involved in innovation require and play a role across all
kinds and stages of innovation - including critical thinking,
problem-solving, communication, and teamwork. There
are also specialized skills needed among some, but not
all, people on innovation teams and required at different
times and for different kinds of innovation and innovation
activities. This more granular understanding of innovation
skills has implications for how innovators, educators, and
other organizations think about, plan for, and execute
skills development.

General skills for innovation

Individuals and organizations aiming to innovate will
need a certain set of general skills to succeed. Our
survey and analysis confirm some key insights from
existing literature about what those skills are, while also
revealing some new insights. To contribute to innovation,
individuals and organizations will want to focus on

the development of creativity, communication, and
teamwork skills to ensure a good flow and exchange of
ideas and insights that contribute to innovation success.
Additionally, skills like critical thinking, problem-solving,
curiosity, judgment and decision-making are important
for all innovating organizations and individuals. These are
the foundational, general skills for innovation. But there
are two other kinds of general skills for innovation that
are increasingly important - basic data skills and digital
literacy, and certain social and emotional skills.

Basic data skills and digital literacy

Across all kinds and stages of innovation, basic data
skills and digital literacy are essential. Organizations
and interns involved in innovation frequently note that
using basic productivity software, understanding and
interpreting data-based insights, and navigating online
research, social media, and other digital tools are now
standard innovation activities for which all employees

must have the skills and knowledge to perform. Advanced
data and digital skills - such as programming, computer
science, and advanced statistical analysis - are more likely
to be seen as specialized skills required of some, but not
all, people involved in innovation and with more relevance
to some kinds and stages of innovation than others.

Social and emotional skills

Some skills that have been classified under the umbrella
category “social and emotional skills” are general,
universally required skills for innovation, including
collaboration, teamwork, listening, and responsibility.
Future innovators will want to hone these skills to
ensure they have the full suite of foundational skills for
innovation. At the same time, other social and emotional
skills are less likely to be seen as important to innovators
- including empathy, emotional control, and tolerance.
This is not to say that these skills are not important for
employment and healthy organizations more broadly,
but they tend not to be flagged by innovators as very
important for innovation per se.

Moreover, even while innovators regard certain social and
emotional skills as important, the category or label “social
and emotional skills” has little resonance for them. This
suggests that students, workers, educators, and other
stakeholders might need to adopt different ways of talking
about social and emotional skills when interacting with
industry and other employers.

Specialized skills for innovation

As we discovered in our surveys of innovators and

have emphasized throughout the report, beyond the
general foundational skills that all innovators require,
there are certain specialized skills that differ across
different kinds and stages of innovation. This presents
both opportunities and challenges for those developing
innovation skills. On the one hand, with a more granular,
context-specific understanding of the skills needed for
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innovation, individuals and organizations can develop
more precisely calibrated education and recruitment plans
for certain kinds of innovation. On the other hand, the
fragmentation of skills for innovation across innovation
types and stages means that skills for innovation curricula
may be more difficult to develop and deliver in ways that
are relevant to all students/workers and organizations.

Skills for different kinds of innovation

Organizations involved in new technology or product
development indicate greater need for broad and specific
technical skills - such as scientific principles and methods
and myriad advanced data and digital skills - while those
engaged in process or service innovations indicate greater
need for broad design thinking and experimentation skills.
Although employers involved in technology development
and product innovations emphasize the importance of
prototyping and testing skills. To be sure, the different
technical skills required in different kinds of innovation

is more a matter of emphasis than a dichotomous
required/not required. Moreover, there is less variation

in emphasis on complementary skills across different
kinds of innovation - such as critical thinking, judgement,
curiosity, and writing. Still, students and workers who want
to be involved in specific kinds of innovation - or who want
to be employed by organizations who emphasize some
kinds of innovation over others - will want to emphasize
development of certain technical skills over others.

Skills for different stages and activities

Generally speaking, organizations whose innovation
projects are at the problem identification and exploration
stage are more likely to need critical thinking and
creativity skills, as well as certain social and emotional
skills, while those whose innovation projects are at the
solutions design, building and testing stage are more
likely to need science and engineering skills. This tracks
a general distinction between skills needed to collect and
analyze information about problems and opportunities

- i.e., diagnostic skills — and skills to build solutions —
i.e., design and engineering skills. In many cases, good
engineering/design will require good diagnostic skills in

the same person - in which case the differences in skills
needed for different stages does not imply that distinct
individuals should develop subsets of skills. Rather, it
implies only that people and teams likely require different
skills at different stages, which could have management
implications but not necessarily skills development
implications.

Innovation management

Innovation happens in teams, and not every member of the
team needs to possess every skill required for the team as a
whole to succeed. This is clear in the case of management
skills. The organizations we surveyed consistently cited

a range of management skills as very important to their
innovation activities - including project management, team
management, and financial management - but not important
for their entry-level Mitacs interns to possess.

Much has been written about the importance of
management to innovation, and about Canada'’s challenges
in these areas, leading some observers to conclude that
innovation management ought to have a more prominent
place in training and educating future managers. Our
findings suggest this recommendation should be nuanced
in two ways: First, while management is critical, not every
future innovator needs to become a management expert.
We should be careful not to insert management training into
every future innovator’s education and training experience.
Second, management responsibilities appear to rest mainly
with those with experience rather than with new employees
and teammates. We should be careful, then, not to assume
that management education - even for those specializing

in management functions - will be sufficient to take on
innovation management roles.

\
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Recommendations

The insights from the survey and subsequent analysis
lead us to a set of recommendations for employers,
students and workers, skills training and development
organizations, and researchers examining skills for
innovation. Because this report is the first in an ongoing
series, we expect that these recommendations will evolve
and be refined as new insights emerge. Still, there are
some actions that stakeholders can take now to improve
Canada'’s talent advantage for innovation.

Recommendations for employers

Systematically identify the general and specialized
skills required for the specific kinds of innovation and
innovative activities pursued by the organization.

+ Different innovation types, stages, and activities
require different specialized skills. In consultation
with current employees, organizations should closely
audit their innovation activities and the skills needed
to execute them successfully.

General skills are critical but often overlooked.
Employers should complement their focus on
specialized skills by identifying the general skills
needed for innovation, including basic data and
digital skills, research skills, knowledge of scientific
principles, and certain social and emotional skills,
such as collaboration, listening, communication, and
responsibility.

Create skills recruitment, development, and
procurement strategies that ensure necessary
specialized and general skills for innovation are
available as needed.

+ Some required skills can be found through
recruitment processes, while others can be developed
among existing employees. After identifying exactly
the specialized and general skills needed for
innovation in the organization, employers should

review existing hiring and recruitment practices to
ensure they are effectively sourcing candidates with
the requisite skills.

Employers should also invest in skills training and
development for both new and current employees.
Because innovation tools and techniques change over
time, and no employee has all the required skills at
any given time, strategies for continuous learning and
skills development are critical.

Take a team-focused approach to recruiting for,
developing, and procuring skills for innovation.

+ Innovation teams require a wide variety of specialized
skills, but not all members of a team require or have
all the specialized skills. Employers should distinguish
between skills that are required on the team, but
not by every member of the team - such as financial
management, advanced coding, or specialized sales
- and skills that are required by every member on the
team - such as communication, teamwork, and project
management skills.

Recommendations for
students and workers

Systematically identify the specialized and general
skills required for the kinds of innovation pursued by
those industries and employers with whom you hope
to work.

Different innovation types, stages, and activities
require different specialized skills. Students and
workers should think about exactly what kinds of
innovation they want to contribute to and the skills
that will be needed to do so successfully.
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General skills are critical but often overlooked.
Students and workers should complement their focus
on specialized skills with a focus on general skills,
including basic data and digital skills, research skills,
knowledge of scientific principles, and certain social
and emotional skills, such as collaboration, listening,
communication, and responsibility.

Create a skills development plan that ensures you
will have the necessary specialized and general skills
required for innovation.

« A skills development plan will identify the skills
required in the short, medium and long term, and
consider practical ways to acquire them.

Recommendations for skills
development organizations

Build and/or identify skills development opportunities,
courses, and teaching materials that distinguish among
specialized and general innovation skills needs.

«  All students/workers will require general skills
to contribute to innovation and development
opportunities and should provide these. But because
different specialized skills are required for different
kinds and stages of innovation, students/workers
should also have streamed skills development paths.

+  Work with employers, post-secondary institutions,
and other training providers to develop skills
upgrading and training programs to meet employer
and student needs.

Assist employers in identifying and articulating the
innovation skills required in different industries, roles,
and kinds of innovation.

Assist students/workers in developing precise and
practical innovation skills development plans that
focus on both specialized and general innovation skills
requirements.

Ensure that the language used to articulate skills aligns
with the language used by employers.

« For example, while employers recognize that certain
social and emotional skills are essential, few appear
to use the specific phrase “social and emotional skills”
to describe those skills. In that case, resumes, course
descriptions, and other skills signalling materials that
use terms like “social and emotional skills” might fail
to resonate with employers even as the skills they are
attempting to signal are, in fact, important
to employers.

Recommendations for researchers

Collect and analyze innovation skills data from
more and different kinds of employers to enhance
understanding of the specialized and general skills
required for innovation.

« There is a growing awareness of the kinds of skills
needed for innovation in STEM fields and industries,
but less is known about the innovation skills needed
in social science and humanities (SSH) fields and
industries, as well as industries that operate at the
intersection of STEM and SSH.

To more precisely identify the specialized and general
skills used in innovation, develop and execute more direct
observational studies to complement
survey-based studies.

+ Organizations tend to know what they are doing

and what they need, but not always how to clearly

articulate what they are doing and what they need.

Observational studies would allow researchers to see

what skills are used even if organizations and workers

are not aware — or not able to articulate — that they are
using them.
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Skills plans for innovation success

The main contribution of this report is a clearer, more
granular view about the skills required for innovation.
Innovation is about generating value through the
application of new ideas and knowledge, but this can
be done in different ways, in different contexts, and
with different activities performed at different stages.
Moreover, innovation is a team sport, not an individual
event. In that case, while there are general skills that all
innovators require, there are also specialized skills that
some, but not all, innovation team members require

to be used in different kinds and at different stages of
innovation. By offering clarity about the general and
specialized skills involved in innovation - and indicating
their practical importance among organizations and self-
reported confidence in those skills among interns - the
report provides a foundation for better innovation skills
development plans.
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Appendix A

High-level skills categories

Specific skills

Engineering

Aerospace engineering

Automotive engineering

Biological engineering

Biomedical engineering

Chemical engineering

Civil or environmental engineering

Communications engineering

Electrical/electronic engineering

Mechanical engineering

Other

Science

Materials science

Scientific principles and methods

Mathematics and statistics

Brain and cognitive science

Biology

Chemistry

Biochemistry

Microbiology

Computer science

Earth, atmospheric, and planetary science

Physics

Other

Digital and Technology (e.g., software use;
programming; machining/CAD)

Productivity software (e.g. Microsoft Office)

Basic data (e.g. spreadsheets/ analysis/ visualization)

Advanced data (e.g. modelling, machine learning)

Programming and software

Web development/ design

Graphic design/ illustration

Machining/ manufacturing tech (e.g. CNC, CAD)

Other

Qualitative Research (e.g., interviews, case
studies)

Case studies

Interviews

Literature review

Other

Design Thinking and Experimentation

Problem identification

Solutions design

Prototyping and testing

Other
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Appendix A (continued)

High-level skills categories

Specific skills

Sales and marketing

Sales

Marketing

Management

Project management

Team management

Finance/ financial management

Strategy/planning

Social, Emotional and Communication

Networking and relationship building

Collaboration + teamwork

Presenting

Listening

Writing

Responsibility

Empathy

Tolerance

Emotional control

Critical Thinking and Creativity

Critical thinking/problem-solving

Creativity

Curiosity

Judgment and decision-making

Risk assessment + risk taking

Policy and Legal Analysis

Policy analysis

Legal analysis
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