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Executive Summary

Engineers Geoscientists Manitoba has appointed an Engineering Education Task Groupto
consider the future marketplace demand and current access to engineering education in the
province. Research was done by considering a variety of sources including government,
university andspecialinterestgroup reports, academicjournal articles, newspaperarticlesas well
as presentations from Manitoban guest speakers involved with engineering education.

The findings suggest thataround 10,000 additional engineers will be required to keep up
with industry growth and retirement, and that a diverse engineering force would be a welcome
addition to these ranks, both in terms of fulfilling the marketplace demand as well as broadening
the engineering perspective to be more representative of the communities they serve.

Severalbarriers were identified as limiting the participation of under-represented or
minority groups, includingrecognition ofthe engineering profession, current perception of
engineers, alack of social support for under-represented or minority groups, financial barriers to
funding an engineering education, difficulties associated with relocation required for rural or
northern students, educational inequalities and competitive entrance requirements, lack of
representation in decision-making processes, and finally, difficulties with professional
registration.

Tenmainrecommendations were proposed as solutions to these barriers, with practical
sub-recommendations. These suggestionsinclude revising the brand projected by Manitoban
engineering institutions, supporting outreach groups and mentorship programs, promoting
change to Manitoba’s K-12 education system, reforming scholarship and bursary programs,
expanding the University of Manitoba’s Engineering Faculty as well as modifying the
Faculty’s admissions criteria, creating bridge or transfer programs to the University of
Manitoba Faculty of Engineering from various other programs, establishing on-going
monitoring programs, and supporting changes made to university and professional policies,

procedures and curricula to promote inclusivity.



1 Introduction — Access to Engineering in Manitoba

The main objectives of the Engineering Education Task Group (hereby referred to as the
Task Group)wereto considerthefuture marketplace demandandpresentaccesstoengineering
educationinthe province of Manitoba, and given these findings, recommend possible initiatives
for the future.

In orderto achieve these goals, research was conducted over several months. The Task
Group attempted to focus oninformation most applicable to engineering in Manitoba or Canada;
however, research and investigations from similar countries (e.g., USA, Australia, UK) and/or on
comparable programs (i.e., science, technology, mathematics or computer science) were also
considered. Theinformation was obtained fromavariety of sources, includinggovernment,
university and special interest group reports, academic journal articles, and newspaper articles.
Guest speakers, representing various Manitoban engineering perspectives, also presented
statistical data and anecdotal evidence to the Task Group. The guest speakers were:

e RandyHerrmann, Engineering Access Program (ENGAP) Director

e DougRuth, University of Manitoba Professorand Associate Dean

¢ NusraatMasood, Womenin Science and Engineering (WISE) Program Administrator
¢ JonathanBeddoes, University of Manitoba Dean of Engineering

A summary of the Task Group’s findings is presented in the following report, starting with
adiscussion of Manitoba’s future engineering needs in Section 2. Section 3 highlights the major
barriers identified by the Task Group that would potentially prevent someone from becoming a
professional engineerin the province of Manitoba. Supporting evidence and possible methods
for diminishing each barrier are also included in Section 3. The Task Group’s recommendations

are summarisedin Section4 andin Table 2.

2 Background — Manitoba’s Future Engineering Needs

The 2015 Engineers Canada Labour Market Study (Engineers Canada, 2015c) anticipates a
growing needforyoungengineers. More than 40,000 engineering jobs are expectedtobe
available in Canada over the next four years due to an aging workforce and predicted growth in
relatedindustries (Engineers Canada, 2015). Consideringthatapproximately 30,000 new

engineersare expectedtograduate duringthisfour-yearperiod (Engineers Canada, 2015), itis



clearthat Canada would benefitfrom the recruitment and retention of more aspiring engineers.
Manitoba has an especially high demand for engineers, asitis the province with the second
tightest predicted engineering labour market in the next five years, and itis the province with a
substantial demand for engineers across the most disciplines (Engineers Canada, 2015).

Inthe past, engineering recruitment focused primarily on Caucasian males. The effects of
this biased recruitmentare stillfeltby the profession, potentially discouraging over 63% of
Manitobans whoidentify as FirstNations (15%), a visible minority (10%), orasa Caucasian
woman (~38%)from entering the engineering profession (Statistics Canada, 2006). The current
demandforengineersin Manitoba suggests thatthereisaneedto expandtraditional recruitment
techniquestofocusonunder-represented minorities. Barrierstoengineering education,
particularly those that under-represented populations continue to face, must be identified and
addressed to increase diversity within engineering.

In addition to fulfilling the increased market demand for engineers in Manitoba, greater
diversity in the profession will have several advantages, including a broadening of the
engineering perspective and improving the ability forengineers to represent the communities
they serve to protect (Engineers Canada, 2012). Furthermore, by improving access to
engineering educationforall, the University of Manitoba Faculty of Engineering willhave
greater success in attracting and retaining the brightest talents, regardless of background, which

will likely have a positive influence on the province’s engineering profession.

3 Barriers to Access — Evidence and Mitigation Measures

Areview of research focused on accessto engineeringin Manitoba and Canada, revealed
systemicinequalitiesorbarriersinhibitingthe participation of severalunderrepresented or
minority groups. Women, visible minorities, Indigenous Peoples, people of low socio-
economic backgrounds, rural residents, and people with disabilities, were identified as groups
of people potentiallyfacingone ormore ofthe barriers discussed in the following sections.
The Task Group initially organized the findings sequentially, to identify barriers at each
stage of a potential engineer’s development. However, upon further investigation, we found
thatindividual barriers were oftenencountered atseveral steps duringthe engineering career
track. Thebarrier matrix illustrated in Table 1 was established to identify the potential junctures
of each barrier.

The Task Group aimed to include as many of the potential barriers as possible; however, we
3



recognizethatthebarriers discussedinthe following sections are bynomeans acomprehensive

list.

3.1 Recognition

Students needtorecognize thatengineering exists and what engineering education and
employmentencompass before they can selectitas a career path. Choosing what type of post-
secondaryeducationtopursuemayseemlikeasingle eurekamoment. Inreality, itisoftena
compendium of events and factors, some deliberate and others not, that build upon themselves
while charting a course for future growth. Exposure to engineering at all stages of childhood and

young adulthood maximizes the possibility of engaging future engineers (Wolsky, 2012).

3.1.1 Contributing Information

“‘Whatdo youwanttodowhen yougrowup?” Thisisthe question oftenaskedtoearly
years school children by teachers and family. Classic responses are an astronaut or pop star,
doctororhockeyplayer. Itiseasytounderstand whythese occupationsare often chosen;
studentsoftenselectthese careersbecause ofthe opportunitiestoexplore, create, helpothers,
have fun, and obtain agood income (Cook, Kelly etal, 2016). If this same questionwas
rephrased to “what do you want to accomplish when you grow up?”, the emphasis is placed on
the actions ratherthan pre-defined societal job roles. Many of the same reasons why students
choosetheclassicresponseslistedabove, mayalsobeassociated withthe engineering
profession. Explore andinvestigate, apply and invent, help and sustain - all of these actions are
availableinanengineeringcareer,anditisourrole asaprofessiontoensuretoday’s youth
recognize their interests can be fulfilled in engineering. According to the National Academy of
Engineering (NAE, 2008):

“No profession unleashes the spirit of innovation like engineering. From research to real-
world applications, engineers constantly discover how to improve our lives by creating bold new
solutions that connect science to life in unexpected, forward-thinking ways. Few professions turn
so many ideas into so many realities. Few have such a direct and positive effect on people’s
everyday lives. We are counting on engineers and their imaginations to help us meet the needs of

the 21st century.”



A systematic way of approaching problem solving and the ability to identify opportunity
where others mayfind distress, are the fundamentalideas taughtto engineering students within
their early university years. Out of this common foundation, multiple disciplines provide
increasingly specialized courses that allow engineering professionals to serve in all realms of
society. The opportunityto serve society byapplying specialized technicalknowledge and
problem-solving skills makes engineering an exciting and rewarding career. However, many
young people might not recognize these opportunities and skills as being associated with the
engineering profession.

Recognition of engineering as a worthwhile profession can occur at any point in life.
Students are exposed to engineering methods beginning ata young age, as applied scienceisa
keycomponentofearlyand middle year school curriculum. High school offers students the
opportunitytoenrolinelectives oftheirchoice thatare keytofurther pursuinganengineering
education, with a variety of communication, science, and math courses potentially available.
However, students maynotrecognize whenthey are exposedtotoolsfundamentaltothe
engineering process. Outreach programs such as WISE endeavour to promote activities related to
engineeringmethodsoreducation. The WISE program has found thatthe optimumtimefor
generating excitementabout the field of engineering is between grades three to eight (Masood,
2016). Outreachactivitiesaimedatstudentsinelementaryand middle schools also allows
interested students to complete the high school courses required for admission to the Faculty of
Engineering.

Self-motivated students may research post-secondary education options by seeking out
informationthroughavariety ofdigitaland papermedia platforms. Some willchoose different
means, relyingon personalinteractions andtheinfluence of role models such as parents, friends,
teachersandguidance counsellors. Thus, the publicattitudetowardsengineeringmayinfluencea
student’s recognition and perception of engineering as a viable career choice. Perception of the

engineering profession is discussed in Section 3.2.

3.1.2 Summary of Findings and Recommendations

In ordertoincrease the recognition of engineering as a worthwhile profession, afocus on
engineering promotion and branding is recommended. Future branding should consider who

requires the information, whatthey are interested in, and how they access information. Any



outreach materials should promote the importance of engineering professionals to the general
publicbyfocusingonthe people behindthe profession andthose engineers serve (ratherthanthe
engineered object/design). Acampaign with aspiring engineering professionals (similar to the
current University of Manitoba promotional campaign), particularly those from under-
represented groups, would provide engineering role models andincrease general recognition of
the engineering profession. Engineers Geoscientists Manitoba Association members could act as
brand ambassadors for this. Brand ambassadors should include people holding non-traditional
engineeringjobswhereasealisn’tnecessaryinday-to-dayactivities, toincreasethevisible
diversity of engineering as a career. This campaign could also encourage all engineers to actas
brand ambassadors. This promotional campaign would likely be more successful if Engineers
Geoscientists Manitoba collaborated with the Faculty of Engineering.

Currentoutreach groups (e.g., ENGAP, WISE) should receive continued support as they
already actas ambassadors of the engineering profession and work toincrease diversity within
engineering education. Further mentorship programs should be established to allow for outreach
on a personal level. This could include a multi-tiered mentorship program that learns from the
success of outreach groups (such as WISE, Career Trek, Community Schools Investigator,
Bright Futures and SUPERB), where new graduates provide mentorship to middle and high
school students, and experienced professional provide guidance to new graduates. Another
potential outreach program could support the organization of funded summer camps where
elementary studentslearnand use skills applicable to the engineering profession. Engineering
should be promoted as an education option for self-guided individuals.

Involvement in the development of school curricula should be considered, as this would
allow for the expansion of engineering ideas taught in grade school, both in the natural and social
sciences, aswellasinformal sciences. Basicengineering concepts should be promoted,
alongside the general fulfillment of a career in engineering and the ability for engineers to make
adifferencein people’s lives.

Finally, position statements of Engineers Geoscientists Manitoba should be reviewed to

ensureinclusivity ofthose outside the engineering profession (the public).



3.2 Perception

Once astudentrecognizes the potential of engineering as a career option and has a basic
understanding ofthe requirements for entryinto engineering education, the student’s perception
of engineering as a whole becomes a major consideration. In general, a student’s perception of
the Faculty of Engineering, the people who study engineering, and the course workload will have
significant weight in dictating that student’s decision to enter the Faculty. This section attempts
to bring forth the general perception of engineering both as afield of study and as acareer,
comparesthese perceptionstoreality, and provides someideasforadjustingthe current
perceptions. Perception was observedtofallinto three broad categories—howone views
engineering students, the Faculty of Engineering,and engineeringasacareer.Ingeneral,
previous research hasindicated thata student’s perception of engineering, particularly those
who do not haveaconnectiontothe profession (e.g.,througharelative orfriend), isrelatively

consistent within most age groups and across demographics.

3.2.1 Contributing Information

Engineering Students

Engineering students are typically seen as people who excel in math and science, enjoy
problem solving, and over-achievein their classroom work (Wolsky, 2011). Often these students
are considered awkward in social settings. Interestin athletics, arts, and the social sciences are
notusually viewed as a necessity foran engineering student, and in some cases are considered
antithetical to the typical engineering student and practitioner. Historically, this may have been
true; however, the makeup of the Faculty of Engineering is slowly changing to one consisting of
peoplewithmorediverseinterests and skillsets. Thosewithinterestinhumansciences, for
example, oftenfindthatfields suchastransportation, biosystems, and environmental engineering
(i.e., those fields that typically have the end-goal of assisting people’s lives on a direct, day-to-
dayway) can be very rewarding. While itis indeed necessary to have a solid mathematical and
naturalscience understandingtobe successfulin studyingengineering, asupplementary
understanding of social sciences is beneficial in many engineering fields. While this is but one
example of many where skill sets outside of the formal and natural sciences are an assetto



studying engineering, itdoes serve as anillustration of the variance between the perception of

whoanengineering studentshouldbe versusthereality.

Engineering Education

The Faculty of Engineeringis generally viewed as being math and natural sciences
focused, withaverydemandingworkload (Wolsky, 2011). Again, while truetoanextent, this
perception is often exaggerated, leading students to believe that the Faculty is only focused on
mathematics and natural sciences, with no coursework related to sociological, psychological, or
human-interactions, and thatthe heavy course load leaves notime for extra-curricular and social
activities. Inreality, most engineering students enjoy a variety of extra-curricular activities (there
are many groups, societies, and social clubs for students to join), and have fulfilling social lives.
In fact, many engineering students have indicated that their social and extra-curricular

involvement increased during their time within the faculty of engineering.

Engineering Careers

Students interested in a career in engineering view the engineering profession in highly
varying ways, many of which indicate a relatively poor understanding of the work that engineers
actuallydo (Cunningham et. al., 2005). Those who have first-hand knowledge of the career (e.g.,
viarelativeswho are practicing engineers) generally understand the day-to-day life of an
engineerrelatively well; however, those withoutsuch knowledge maybelieve some ofthe
perceptionslistedinthe following paragraphs.

Somefeelthatthelife ofanengineeris one of endless work hours, many of which are
spentstaringatcomputerscreensor“crunching” numbers. This perceptionis particularly
problematic giventhatrecentresearchindicates that 80% of bachelor's degree holders feel that
“personal interests” rank as “very important” in evaluating career choices, while only two-thirds
placed asimilarlevel ofimportance on “future careeropportunities” (Dehaas, 2014). Inthis
regard, while engineers are typically known to have relatively good career opportunities, the
perceivedlack oftime for personalinterests canturn away potential professional engineers.
Othersviewthelifeofanengineerasonewithsignificanttime spentawayfromhome, withlittle
timeforfamily, friends, andinterests outside ofthe work environment. Others stillviewthelife

ofan engineeras one spentin endless meetings, with little interaction with people outside of the



field in which they work. Though there may be an element of truth to these perceptions, they
generally do not paint a full picture of the responsibilities and opportunities associated with an

engineering career, and the quality of life of a practicing engineer.

3.2.2 Summary of Findings and Recommendations

Ingeneral, changingthe perception ofengineeringlikely requires an educational approach.
Mentorship programs, in-school presentations, and other face-to-face methods for sharing
information on engineering with potential students would likely be the most effective method for
correctingthe common misconceptions. Typical educational methods such as presentations can
help eliminate misconceptions of engineering students; however, the ideal solution would likely
involve a more one-on-one approach. Research conducted by the National Academy of
Engineering (NAE, 2008) illustrated that the most effective method for changing perceptions
was to create a “personal” connection to engineering. This could be accomplished via mentorship
programs pairing high school studentsinterested inengineering with currentengineering
students or practicing engineers. Forexample, the CIPWIE Mentorship Program already pairs
female engineering students with practicing engineers. This Task Group suggests thata similar
programis established to provide mentorship fora greaternumberand variety of potential
engineering students. Mentorship programs pairing potential engineering students with current
engineering students orpracticingengineersfromavariety offields, would servetoalterand
broaden a student’s perception on engineering students, education, and the profession in general.

Another potential method for changing misconceptions associated with engineering, isto
conduct surveys of practicing engineers, recent graduates, and engineering students to gain
insight into their life outside of work/school, and life at work/school. A young person interested
inacareerinengineering could usethisinformationto evaluate thelifethatthey could expect
while studying and practicing as an engineer. Repetition of these surveys over multiple years
wouldalsoserve asanexcellentindicatorofthe effectivenessofnewprograms, suchasthe

mentorship program suggested above.

3.3  Social Support

Social support is the encouragement, assistance, or sense of personal belonging and value

that originates from relationships with other people or the presence of a supportive network



(Wills, 1991). Social support can manifest itself in different forms, either tangible, e.g., financial
assistance, material support; orintangible, e.g., companionship, emotional support (Wills, 1985).
Thissupportisseenasbeingimportantfordecreasingstresslevelsand maintainingones
physicaland psychological health (Ozbayetal.,2007). Thus, social supportisimportantfor
individuals experiencing significant changes (e.g., youth transitioning to adulthood, moving,
beginning university) or stressful situations (Makhoul et al., 2011). Conversely, a lack of social
support can limit anindividual. Therefore, a lack of social support was recognized as a barrier
that a prospective engineer might experience.

Social supportis a very broad term that we will use to represent any of the forms of
support mentioned above —except for financial assistance, which is discussed in Section 3.4
Financial. This supportmaybe received fromindividuals (e.g., familymembers, teachers,
friends, rolemodels)orby organizations (e.g., University of Manitoba Aboriginal Students
Association, ENGAP, University of Manitoba Engineering Society). Additionally, social support
may be provided at different times during a prospective engineer’s lifetime. The common forms
of social support thatinfluence the probability of a prospective engineer becoming an engineer

arediscussedinthe following section.

3.3.1 Contributing Information

Socialsupportisimportantthroughouta prospective engineer’s entire lifetime. Intheir
earlyyears, parents provide alarge part of the social supportforaprospective engineering
student. Both a parent’s level of education and their attitude towards post-secondary education
may significantly impact the probability that their child finishes high school and continues on to
post-secondary education (Educational Policy Institute, 2008; Senate Canada, 2011; Shaienks
and Gluszynski, 2009). A parent’s attitude towards post-secondary education may vary based on
personal or geographical factors; forexample, rural parents are less likely to expect their children
to attend a post-secondary institution (Junorand Usher, 2004). Other studies have shown thata
supportive family (i.e., encouragement, concern, focus on work ethic), regardless of their level of
education,increasesayoungperson’seducationaspirations (Clarke, 1983; Ginsburgand
Hanson, 1986). Overall, parental influence has been deemed significantin regards to the future

careerofayoungperson (Shadt, 1975; Sukovieff, 1990).
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Teachersandguidance councillorsalsoprovideimportantsocial supportforguidinga
prospective engineerduring their youth (Winfield, 1995). Research has shown thatthe support of
guidance councillorsisintegralforassisting low-income, minority, and/orfirst-generation
university hopefuls (Education Commission of the States, 2008). Thus, the quality of the
guidance councillor, including how knowledgeable they are on university programs and
requirements, can affect how prepared a student is (or feels) for their future (Education
Commission of the States, 2008).

Role models or mentors also provide vital social support to prospective engineers. Girves
etal. (2005) suggest that mentoring can be provided in many differentforms butgenerally
mentors and mentees should have a reciprocal relationship that is vocational (e.g., career-focused
information-sharingorcoaching)and/orpsychosocial (e.g.,encouragementandcounselling). An
important outcome of successful mentoring is “academic integration” (Tinto, 1992) orincreased
sense of belonging felt by a prospective engineer (Girves et al., 2005). Mentors can also have
substantial influence over a mentee’s career decisions, provide valuable assistance with personal
and professional development, and expand the mentee’s future aspirations (Girves etal., 2005).
A university may see the following benefits from strong mentorship: increased retention rates, a
better sense of community oncampus, and greater student productivityand commitment.

Role models and mentors are particularly important for prospective engineers belonging to
under-represented groups (Mason et al., 1992; Thomas et al., 2007). Under-represented groups in
engineering include women (Zywno et al., 1999), Indigenous Peoples (Herrmann, 2016),
those withdisabilities (Cowan-Dewar, 2009) and those self-identifyingaslesbian, gay,
bisexual, transgender/transsexual, two-spiritorqueer(LGBTTQ),tonameafew. Alack of
rolemodels and mentors has been cited asareasonforlowenrollmentofthese groupsin
engineering programs across Canada (Cowan-Dewar, 2009; Myers, 2010; Zywno etal., 1999).
Anincreased presence ofrole models and highermentorship rates geared towards under-
represented groups couldimprove the academicintegration or sense of belonging ofthese
individuals.

Support organizations may be important throughout a prospective engineer’s childhood
and university years. Inlower-income orlower-education households, social programs can offer
the necessary encouragement and development allowing a student to move on to post-secondary
education (Senate Canada, 2011). Forexample, the Council of Ontario Universities established

the Let’s Take Our Future Further campaign to provide Indigenous youth with both information
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onpost-secondaryinstitutionsinOntarioandrole modelstoshowasnapshotofthesuccess
attained by Indigenous students (futurefurther.ca). WISE Kid-Netic Energy conducts
outreach activities across Manitobato promote engineeringandscience to childrenagedfiveto
seventeen, toinspire youth (particularly under-represented groups), and to provide positive role
models.

Socialsupportprograms arealsolinked tothe retention of post-secondary studentsin
university. Support programs may include mentoring or advising organizations, learning
assistance centres, and summer bridge programs (Hanover Research Council, 2010). Social
supportiskeytothe success ofan engineering student, asthe degree ofinteraction between post-
secondary students and academic or social communitiesis directly related to degree completion
rates (Hanover Research Council, 2010) due to increased academic integration. In addition, these
supportorganizations are integral to encouraging enrolment and providing timely information for
those with disabilities (National Educational Association of Disabled Students, 2012).

When considering social supportinthe larger context of this report, itmay be linked to
both the recognition and perception barriers, as those providing support may teach a child about
engineering as a career option and may also influence an individual’s opinions or perceptions of
engineers. Forexample, aguidance councillor with little knowledge of engineering or a negative
opinion of the profession may dissuade students from applying. Social support may also help an
individual overcome some of the other barriers discussed in this report. For example, support
programs can assist a student with preparing and applying for university, or obtaining bursaries
orscholarships, and role models canimprove the perception of engineering sothatitisseenasa
worthycareeroption. Thus,alackofsocial supportcouldreinforce orcompoundthebarriers

acting against a prospective engineer.

3.3.2 Summary of Findings and Recommendations

Social supportmechanisms provide a prospective engineering student with invaluable
benefits both before and during university. Some of the mostimportant social supports
recognized by this committee are: (1) parents supporting work ethic and further education; (2)
informedteachers and guidance councillors; (3) positive role models ormentorsin the
engineering profession; and (4) organizations that provide information, emotional oracademic
support, and access torole models. Based on these findings, the Task Group suggests that
existing mentorship programs (e.g., CIPWIE, WISE, University of Manitoba Career Mentor

12



Program) are supported or expanded. Promotion and support of engineering societies should also
continue, astheypromoteinteraction between students, provide socialand educational support,
andconsequentlyincreasethe probability ofastudentcompletingtheirengineeringdegree.
TheFacultyof Engineeringwebsite shouldbe updatedtoinclude role modelsofvarying
backgrounds, genders, abilities, etc. orincludelinks to otherwebsites thathighlight positive
engineering role models, such as the WISE Atlantic Region site
(www.wiseatlantic.ca/Videos.asp). Finally, Engineers and Geoscientists Manitoba and the
Faculty of Engineering should work together to develop an informational package for guidance
councillors and teachers on engineering, particularly for rural and/or northern communities. This
package shouldincludeinformation onacademicrequirements, application procedures, support
organizations (e.g., ENGAP), role models, and career options. WISE could potentially assist with
distribution of the informational package as they travel to many rural and northern communities

in Manitoba.

3.4 Financial Resources

Surveys conducted by Stats Canada indicate that 26% of Canadian students who did not
enrolin post-secondary education cite financial concerns asthe main cause (Montreal Economic
Institute, 2004), makingitamajorbarrierto a post-secondary education. The costof post-
secondary education comes notonlyfromtuition and related fees (books, supplies, etc.) butalso
from areas not directly related to education, like transportation, clothing, and, for students who
do not have the opportunity to live athome, food and rent (Standing Senate Committee on Social
Affairs, Science and Technology, 2011). Beyond even that is the lost-opportunity cost of
attending a post-secondary institution — that is, the money that a student could be making if they
were notin school (de Broucker, 2007). Two groups of prospective students generally face the
largest financial barrier to obtaining a post-secondary education: (1) people from low-income

families; and (2) those who would have to relocate in order to attend school.

34.1 Contributing Information

Astudy done bythe Canadian Policy Research Network indicates that young people from
high-income families are two to three times more likely to attend a post-secondary institution

than students from low-income families (de Broucker, 2007). Ina2012 article, the Globe and
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Mail defines the after-tax low-income thresholdin Canada as, “less than half of the national
medianincome”. The median household income in Manitoba for 2010 (the latest year for which
National Housing Survey income breakdown information is available) was $57 299, so the low-
income threshold would have been $28649. Inthat same year, there were 121240 private
households in Manitoba with an after-taxincome ofless than $30 000 (Statistics Canada, 2011a).
This number corresponds to approximately 25% of the total number of households in the
province (465 805); thus, low-income households represent a significant portion of Manitoba’s
population.

With a lower percentage of students from low-income families attending university than
their higher-income counterparts, the financial demand of post-secondary education ceases to be
the only barrier to overcome. There is likely to be fewer degree or diploma-holding role models
inthe low-income student’slife than that ofthe studentfrom the high-income family (see also
Section 3.4 Social Support). Studies have found that Canadians tend to overestimate tuition
costs, while underestimating the average university graduate’s starting salary compared to that of
someone with a high school diploma (de Broucker, 2007), which may increase the perceived size
ofthefinancial barrier. Studentloans are available, however Manitoba Student Aid considers the
student’sownincomeindeterminingtheamountofmoneytolend (GovernmentofManitoba,
n.d.a), penalizingstudentswhohold partorfull-timejobs. These jobsare oftenanecessityfor
peoplefromlower-incomefamilies. Further,the Canadian Policy Research Networks study
points out that the student debt often incurred during the completion of a degree may especially
discourage prospective students fromlow-income families as they may anticipate, “fac[ing] more
inequity aftergraduationwhentheyenterthelabourmarketwithahandicappinglevelofdebt”
(deBroucker,2007).

Members of low-income families are not the only ones facing anincreased post-secondary
financial strain. Students who live in Winnipeg but far from the University of Manitoba or
students originally not living in Winnipeg, incur increased transportation and/or relocation costs.
Students originally living further than a reasonable commuting distance from the University of
Manitoba can expectto pay between $6 500 and $16 000 for accommodation and utilities alone,
over asingle calendar year (University of Manitoba, 2015). This does not take into consideration
the transportation cost for the studentto go back home for holidays or family emergencies.

Students choosingto commute agreaterdistance to university asopposedtorelocating, payfor

14



the associated automotive fuel and maintenance costs (or public transportation costs), and the
lost-opportunity cost, as the time spent commuting could be used for work or study.
Statistics Canadafoundthatincomesinrural regions are lowerthanthosein urbanregions,
which further compounds the problem (Singh, 2002). As a result, many rural students find ways
to reduce theirfinancial strain. For example, some students choose to enroll in school part-time
sothattheymayalsowork and make money. Unfortunately, this maynotbe an option while
doing an engineering degree since the programs at the University of Manitoba have a time limit
(e.g., Civil Engineering has a seven-year limit; University of Manitoba, n.d.). Some students are
forcedtopostpone orterminate theirstudiesifthey cannolongeraffordtoattend school,and
others optfor college programs that are shorter and/or closerto home (de Broucker, 2007).
Currently, the Faculty of Engineering offersthe Dr. Len Domaschuk Engineering Entrance
Scholarshiptostudentsfromselectrural high schools (Erickson Collegiate, Rossburn Collegiate,
or Strathclair Community School); as well as the Dr. Norman Stephansson Memorial
Scholarship, forwhichfirst year students from northern Manitoba entering Science, Arts,

Engineering, or Management are eligible (Beddoes, 2016).

34.2 Summary of Findings and Recommendations

The Montreal Economic Institute states in its 2004 Economic Note, Would Higher Tuition
Fees Restrict Access to University Students, “Data from various Canadian provinces show no
directrelationship betweenlowerfeesand greateruniversityaccess.” Rather, itis suggested that
targeted financing via loans and grants would be a more effective way of ensuring increased
accessibility (Montreal Economic Institute, 2004).

ForStatusIndiansand Inuitpeople in pursuitofapost-secondary education, the Post
Secondary Student SupportProgram (PSSSP)is funded by Indian and Northern Affairs Canada
(INAC)to provide money to students enrolled in post-secondary education. Each year, $314Mis
puttowards the PSSSP, but Macdonald-Laurier Institute for Public Policy claims that this money
does not always make it to the students it’s intended for. A lack of accountability means that the
distribution of money is often affected by favouritism, nepotism, and regional variations (Helin
&Snow, 2010). Thismis-allocation offunds canbe even more problematicfor Status Indians
living on reserves thatincur tuition and relocation costs (see also Section 3.5). Asthe PSSSPisa

federal program, recommendingimprovements forthe PSSSPisbeyond the scope ofthisreport;
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however, there are otherapproachesthatmayassiststudentsinovercomingtheirfinancial
hurdles.

Additional bursaries should be created that take into consideration commuting costs to
relieve some of the cost burden incurred by commuting students living far from the university.
These costsshould considernotonlythe price of commuting (e.g., publictransitorfueland
maintenance), but also the opportunity cost associated with the lost time, as this may affecta
student’s GPA and chances for grade-based scholarships.

Bursaries for students fromlow-income families should be established that disregard the
students’ own income. Students who work during university often have less time to study so
maintaining a high GPA is likely more difficult. Thus, their chances of receiving scholarships
decrease, andtheirincome stillmaynotbe enoughto coverexpenses.

Currentinformationonthe costofanengineeringdegree, average starting salaries, andthe
Manitoba companies that typically hire engineering graduates should be readily available (for
example, inthe informational package recommended in Section 3.3.2). Given this information,
students from low-income families and rural areas can make an informed decision on whether

obtaininganengineeringdegree will (orwill not)fitinto theirlives.

3.5 Location

The place thata prospective studentlives atthe time of high school graduation may
determinewhetherornottheyapplytoengineering. Only 11% of studentswithahomemore
than 80 kmawayfromauniversity willenrolin post-secondary education (Senate Canada,
2011). Rural students mustleave familiarity behind (e.g., culture and physical environment) as
well as their support systems (friends and family) in order to attend university (Senate Canada,
2008). And as previously mentioned, rural students generallyincur a greaterfinancial burden, as
theymustmove fromtheirhome and payfortravelbackandforthtovisittheirfamilies (Senate
Canada, 2008). Therefore, distance was deemedabarrierthatmaypreventaprospective

engineer from going to university.

3.5.1 Contributing Information

Moss etal. (2008) found that perceived “rural and northern advantages” exist, forexample,

better quality of life and sense of community, and greater safety. These benefits mayinfluence a
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youngperson’sdesiretoremaininarural ornortherncommunity. Therefore, the decisionto
leave aruralornortherncommunitytypically correspondstoayoungperson’sambitionsfor
personal growth or to acquire the skills necessary for a particular job (Moss et al., 2008). Moss et
al(2008) suggested thatthe personal development attained by the young person by moving must
be seen as favourable —some examplesinclude business training, enhancement of personal
resourcefulness and creativity, and acquirement of diverse job opportunities and meaningful
employment. Thus, recognition and perception of engineering as a valuable career option are
inextricably linked to a prospective engineer’s location.

Distance is a more significant barrier for those with limited financial resources (Frenette,
2003; Junorand Usher, 2008). Rural and northern students wishing to become an engineer may
notbe able to because of the greater personal costs incurred when they leave home (Frenette,
2003). Asdiscussedinthefinancial barriersection, eventhedistance astudentlivesfromthe
University of Manitobawithin Winnipegmaynegativelyimpacttheireducationduetothetime
and costoftravellingto and from school, particularly when theyrely on publictransportation
(Herrmann, 2016). Inaddition to the correlation of distance and financial resources, distance may
also diminish the social support available to a young person when they leave their home
community (Junorand Usher,2008).

Distance has a disproportionate effect on certain groups. Forexample, the percentage of
Indigenous Peopleslivinginruralornortherncommunitiesis greaterthan non-Indigenous
(Holmes, 2005). Thismeansthatdistanceisamorelikelybarrierforaprospective Indigenous
engineer than a prospective non-Indigenous engineer. Also, rural communities that have more
resources, forexample, strongereducational systems and greaterjob opportunities, aswellas
the presence of good role models, are more likely to have a positive effect on a prospective
engineer’s outlook (Educational Policy Institute, 2008).

Improved communications systems (e.g., internet accessibility) have begun to alleviate
some of the issues associated with the distance barrier. Increased communications leads to better
exchange ofinformation onthe benefits of attending post-secondary education, agreater
probability that a rural/northern student will find the financial assistance they need, and higher
access torole models and social programs that may positively impact a prospective engineer’s
future. Finding new and better ways to communicate with rural and northern communities will

be animportant consideration forimproving access to engineering in Manitoba.
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3.5.2 Summary of Findings and Recommendations

Distance mayberegardedintwoways: (1)asabarrierforthe universitytoovercometo
gain astudentthatmight nothave observed a benefitto moving fromtheir rural or northern
community;or(2)asacompoundingfactorforotherbarriers. Together, these perspectives
reinforce the importance of overcoming the other barriers discussed in this report, particularly
recognition ofengineeringasacareer, perceptionthatengineeringis associated with meaningful,
valuable, and diverse job opportunities, financial resources, and social support. Therefore, the
recommendations providedforaddressingthese otherbarriersmayalsoalleviateissues
impacting a prospective engineering from a rural or northern community.

The Australian Government recognized the financial burden placed on remote students
wishing to attend post-secondary education and developed relocation scholarships to assist those
in need (Australian Government, 2016). In addition to the two scholarships currently available
forruraland northern students (Dr. Len Domaschuk Engineering Entrance Scholarship and Dr.
Norman Stephansson Memorial Scholarship), relocation bursaries should be available for
prospective engineering students fromrural and/or northern communities that wish to attend the

University of Manitoba but do not have the financial means to do so.

3.6  Qualification

All of the barriers discussed up to this point provide insight on the potential reasons for the
under-representation of certain groups in Manitoba’s engineering community. In order to obtain
anengineeringdegree atthe University of Manitoba, a prospective studentmustmeetthe
required qualifications. Thus, under-preparedness may be a barrier encountered by a potential
engineer. This barriermay be a significantreason why minority students who apply tothe
Faculty of Engineering are not accepted into the program, and may also contribute to unequal

representation in engineering.

3.6.1 Contributing Information

Itis estimated that while 17.0 % of Manitoba’s population is of Indigenous identity, only
0.3% of engineers in Manitoba are Indigenous (Herrmann, 2016). Although there are no specific
statistics onthe ethnic, socio-economicorgender status ofapplicants, Herrmann (2016) collected
information onthe region-of-origin of accepted engineering students. This data confirmed a
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disparity between students from rural, northern, and inner-city locations (areas of large minority
populations), and those from the rest of Winnipeg.

Furthermore, entrance to the Faculty of Engineering atthe University of Manitoba is
competitive and rigorous. The official entrance requirement for engineering is a minimum 85%
grade average in Grade 12 chemistry, pre-calculus, and physics, with no less than 60% in any
one course (University of Manitoba, 2015a). The actual high school average required for
acceptance to the first year engineering program is usually significantly higher (up to 91%; Ruth,
2016), asthe currentacceptance criteriais based solelyongrades (University of Manitoba,
2015a). Students are ranked again after their first year of study (based on their grades within this
firstyear)foracceptance to adiscipline (University of Manitoba, 2015b). One reason acceptance
tothe Faculty of Engineering is so competitive may be because Manitoba has the second-lowest
percentage of engineering students when compared to total university enrollment (0.04%, which
issecondto PEIwith 0.03%; Ruth,2016). Furthermore, the University of Manitobais the only
Canadian Engineering Accreditation Board (CEAB) accredited universityinthe province,
making it the largest province (both geographically and population-wise) with only one
engineering school.

Theserigorousapplicationrequirements canlimitthe diversity ofthose whoapplyto
engineering. Forexample, studiesindicate that girls typically avoid physics classes atthe high
schoollevel dueto social pressures (i.e., negative stereotypes) and low self-efficacy. Instead,
girls move toward biological sciences (Papadimitriou, 2004 ), which are notrequired for
acceptance to engineering at the University of Manitoba (while physicsiis).

The competitive nature of the application process favours students who have high school
teachers with more lenient grading practices. Conversely, the current application process may
negatively affect students who have part-time jobs, are supporting a family, or are influenced by
cultural biases that limit their academic support and interests. These difficulties
disproportionately affect those with lower socio-economic status (Educational Policy Institute,
2008; Holmes, 2005), which has been correlated to “a mix of mutually-reinforcing low
expectations andlow academicachievement” (Educational Policy Institute, 2008). The adoption
ofaquality-basedacceptance program, particularly forthose studentswhoare negatively
affected by privilege, could resultin a more equal application process.
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Furthermore, educational inequalities exist that amplify the difficulties of an over-
competitive application process. Specifically, Manitoba’s low education rankings in previous
Pan-Canadian and International Student Assessments (O’Grady, 2013; Martin, 2014) are thought
to be due to poverty and socio-economic inequalities (Martin, 2014 ) indicating that the quality of
education among the underprivileged and minority groups has decreased. Indigenous Peoples
and immigrants are more prevalentinrural, northern,andWinnipeg’sinner-city schools,
which generally have lower-quality science and mathteachers, and limitedlaboratory
resources (Martin, 2011; Sniderman, 2012). Some have argued thattransparency with respect
toindividual school initiatives, progress, and successes may mitigate these problems
(Botelho-Urbanski, 2014). Thisinformationmayalsobe avaluabletoolfordata-driven
decisionsoneducational policies andresource allocation. The collection of performance
anddemographicdataon individual schools can quantify education or resource gaps between
schools orschooldivisions, reveal differential grade inflation, or identify successful programs
that can be implemented in other schools.

Students who are not acceptedinto the first year engineering program have limited options
fora“second chance” entry. Forexample, professionals within engineering education indicated
thattransfersto the engineeringfaculty from University 1 (U1), technical colleges, or para-
professional employment are poorly developed and underutilized. In U1, students who failed to
secure aseatinthe Faculty of Engineering should be presented with an alternative route based on
their U1 results to apply for a seat in the following year’s preliminary year of engineering
admissions pool. This would be different than the current approach (which allows U1 students to
apply for an engineering major provided they have managed to take the appropriate classes)
because students are offered the opportunity to address holes in their skillsets and improve their
academic performance before attempting to enter a specific engineering department.

Studentsintechnical colleges studying as technologists should also be presented witha
process for transferring to a comparable engineering major at U of M. This is especially relevant
for the recruitment of Indigenous students, as they have been found to be more likely to attend
a technical oriented college program over university (Holmes, 2005). Furthermore,
facilitating transfers from the University College of the North will establish connections with
northern students who may require or prefer to start their education closer to theirhome
(Holmes, 2005). The University of Manitoba is currently developing Engineering Hybrid

Pathways, aprogram
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designedto support “engineering students from other Manitoba post-secondaryinstitutions ... to
engineeringprograms”atthe University of Manitoba (Beddoes, 2016). Theinitiative aimsto
transfer maximum applicable credits to allow students to put the courses taken while acquiring
theirengineering technology diploma towards theirengineering degree (University of Manitoba,
n.d.b). The program’s future goalsinclude developing a pathway for Red River College’s
students to qualify for Advanced Entry, as well as working with University College of the
North’sindevelopingits equivalent courses to allow forits students to qualify for Advanced
Entrytothe engineering programs atthe University of Manitoba (Beddoes, 2016).
Thecurrentapplication process may also dissuade potential mature students (e.g., working
in para-professional engineering occupations) from applying to the Faculty of Engineering. Thus,
identificationandtargetedrecruitmentofmature workersin para-professional engineering
occupations should be considered. Thiswouldincrease the diversity of perspectivesinthe
engineering profession, and may potentially assistin bolstering the enrolment of minority
groups. The establishmentofuniversity-industry partnership programs could alleviate the

financial burden assumed by these mature students.

3.6.2 Summary of Findings and Recommendations

The competitive application process associated with engineeringin Manitobais connected
tomanyoftheissuesdiscussedinthe previous section. The obviousrecommendationisto
support the expansion of the University of Manitoba’s Faculty of Engineering to accommodate
more students. Increasing the capacity of students the Faculty can educate would be difficult to
achieve, but with the initiatives already undertaken by the University of Manitoba and continued
funding fromthe Manitoba Government, Manitoba has recently experienced the largestincrease
in enrolment in CEAB accredited engineering programs. Over the past decade, engineering
enrolmentincreased 39% (between winter term 2010 and fall term 2016) and further growth is
expectedinthe nearfuture (Beddoes, 2016). Additional (smaller) measures may also be taken to
increase the overall preparedness of all potential engineering studentsinthe province. Firstofall,
the gap between inner-city, rural and northern schools versus other Winnipeg schools must be
assessed and reduced. Data should be collected on the ethno-socio-gender-economic
demographics of schools across Manitoba to identify the situations and environments thatlead to

greater successrates forengineering applicants fromall school divisions, particularly those with
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ahigh percentage of minority groups (George etal.2001). Amonitoringbody could be
establishedto oversee data collection while also promoting transparency of the high school
education system, controlling differential grade inflation, and recommending resources
allocation.

The Faculty of Engineering should consider the implementation of a quality based
selection processforstudents enteringthe Faculty of Engineering. This could be appliedto
underprivileged students (recognized by the monitoring body mentioned above) who may notbe
competitive with grades alone. The Faculty of Engineering could award a percentage of the first-
yearseatsonaquality-based system (usingtools suchas questionnaires, interviews, Pathfinder-
type assessments, oracombination thereof), while the restare awarded accordingtothe
traditional grade-based system. Thiswouldlimitthe required resources butwould provide
greater opportunity for under-privileged students to qualify for the Faculty of Engineering. The
University of Manitoba has already begun implementing a comparable solution with its
supernumeraryadmission category. Thiscategorywas establishedforadvancedentry of
qualified ENGAP students to disciplinary programs.

The University of Manitoba is currently establishing the Engineering Hybrid Pathways
programdesignedtosupport STEMstudentstransferringtothe Faculty of Engineeringfrom
other post-secondary educational institutions. Specifically, bridges from Université de Saint-
Boniface, the University of Winnipeg and the University of Brandon exist, and the expansion of
this programtoinclude the University College of the Northand Red River College are inthe
works. Continuing support of the University of Manitoba’s efforts on this front is recommended.
Inasimilarvein, asecond recommendationisto establisha ‘second chance’ optionfor U1
students whereby they are allowed to apply to the preliminary year of engineering. This would
differ from the current systemin which they must compete against first year engineering students
whenapplyingtoone ofthe engineeringdepartments.

The Faculty of Engineering may also consider recruiting mature students working in para-
professionalengineeringoccupations. Both ofthese initiatives would likely promote post-
secondary education of under-privileged orunder-represented groups and would increase the
diversity of perspectivesinthe engineering profession.

Finally, additional support should be available to those accepted to the Faculty of

Engineering in order to ensure that they are fully prepared to begin university. Specifically, the
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developmentandimplementation of pre-university programsorintroductory summercourses
may help address any knowledge or skill set gaps in education (particularly forunder-
represented groups), and may also be particularly useful in preparing students with other
university-related skills (American Speech, Language and Hearing Association, u.d.).
Information on course selection, communicating withteaching assistants and professors, study
skills, obtaining financial aid and available social support groups may help facilitate the
transitionto post-secondary education, particularly for students who come fromunconventional
educational backgrounds (Marable, 1999). These programs may tie nicely into a mentorship
program so that students’ knowledge gaps can befilled as the first year of engineering unfolds.
The ENGAP provides similarresources to Indigenous students; thus the Task Group suggests

that this program receives continued support.

3.7 Representation

Related to the barriers of recognition and perception, representation (or the lack thereof)
hasbeenidentifiedtoaddressthelack of peersandrole models a prospective studentmay
encounter when considering a career in engineering. Furthermore, the lack of minority or under-
represented groups among veterans of the profession identifies the chicken-and-egg scenario that
canoccur when those making decisions or relayinginformation are an un-diverse population that

isinherently unaware of the minority perspective.

3.7.1 Contributing Information

The majority of institutions handle minority populations with an assimilative approach.
Thisrequiresallstudentstofitintoa‘normal’ programschedule (Holmes, 2005). Thisinitselfis
notnecessarily barrier butthese fixed programs are often developed, imposed, and enforced by
governing professional associations, universityadministrators, and faculty oreducatorsthatdon’t
include a minority perspective and may include implicitbiases (Hilletal. 2010). As such, itis
difficultto addressthe manifestations ofthese biasesingoverningbodies,andacademicor
employment policies and environments.

Implicit biases exist — often unconsciously and in direct contradiction with explicit beliefs
(Hilletal.2010)—andcanhave adetrimental effectonthe attractionandretention of minorities

in engineering. For example, the majority of people (both men and women) implicitly believe
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that science is masculine and liberal arts are feminine (Hill etal. 2010, Project Implicit 2011).
This bias can negatively affectthe results of peerreviewed acceptance, hiringand promotions,
andevenperceived self-efficacyinthe contextofscience andengineering (Hilletal.2010,
Schwartz2015, Kost-Smith2005).

Theseimplicitbiases,amongthose governingorteachingengineering, canresultin
biases in curriculums, programs, policies, and work environments. This is significant, as these
institutionsthemselves have beenidentified as sources potentially deterring minorities fromeven
considering an engineering career track. Prospective students may be influenced by these biases
atan early age. Many factors, from an instructor’s teaching style (Hill et al. 2010) to the physical
posters on the wall (Master et al. 2016), can affect middle and high school classroom
environments, which can change interest and success in math and science within girls or any
otherminority group considered ‘poor’ students. Alternatively, duringa careerinindustry or
academia, re-entryprocedures mayrestrictwomenorindigenous Peoples who take time off
to tend to family needs (e.g., raise children) from promotion or tenure (Schwartz, 2015).

Atanindividual level, those minority students who do decide to pursue engineering may
experience a general sense of “lack of fit” in the tract, which may directly influence their
motivation to consider or continue with engineering (Educational Policy Institute,

2008). Minority students, with differing socio-economic, cultural, or gender backgrounds or
sexual orientation may have a more difficult time integrating among their engineering peers,
which is essential for instilling a sense of belonging (Educational Policy Institute, 2008).
Furthermore, being unable toidentify with the typical (Caucasian male) engineering student may
contribute to feelings ofinadequacy orlow self-efficacy, asfound among female physics
studentsina2005 study (Kost-Smith).

Furthermore, minority studentswho are alone amongsttheirpeers canexperience
pressure related tofeelingsthatthey represent notonly themselves buttheir group (gender, race,
socio-economic background, etc). This ‘stereotype threat’ (Vogt, n.d.) can lead to decreasing
classroom participation as well as declining test performance and interest in the field. Further
studies on stereotype threat have confirmed its action among minority populations in the context
of engineering (Spencer etal, 1999; Beasley & Fischer, 2012). This threat may also contribute to

negative perceptions of engineering, particularly among women and girls who believe they won'’t
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betaken as seriously as their male counterparts (Modietal.,2012) due tothe general

stereotypical beliefthatfemales are notas good atmath and science asmales.

3.7.2 Summary of Findings and Recommendations

The impact of under-representation of minority populations in engineering is two-fold: it
resultsin asystemthat puts pressure on minority studentsto succeedinan environmentthatwas
not constructed with their input. In order to address these concerns, the solution must also be
two-fold. First, support must be offered to under-represented students at the individual level in
orderto eventually increase their ranks to that of a critical mass capable of asserting alternative
perspectives. Inthe meantime, steps must be taken to consciously accountforimplicitbiasanda
lack of minority perspective among current policies, procedures, and environments atall levels
ofthe careertrack. Many of the solutions identified to address the otherbarriers, such as
mentorship, social support, and financial aid, can be employed to address the effect of under-
representation at the individual level (Girves et al., 2005; Educational Policy Institute, 2008).
Additional measures must be taken to limit implicit bias and to better represent minority
populations.

On-goingresearchand monitoring of various socio-ethnic-economicand gendergroups
and theirconnections to the University of Manitoba engineering department, along with
explorations studyinghowvariousbarriers mightcombinetolimitindividualsfrom pursuing
engineering (like this document) can be used in the process of making decisions on behalf ofan
absent minority population (Educational Policy Institute, 2008). Itmay also be useful for
administrators, educators, employers and policy makers to determine whetherthey harbor any
implicitassociationbiases bytakingfree, onlinetests (e.g., ProjectImplicit, 2011). Implicit
biases do not always reflect explicit beliefs and have the potential to be even more powerful, so
awareness ofimplicit biases can be atool to help decision-makers take steps to compensate for
them (Hilletal.2010).

Further steps can be taken by implementing changes to engineering educational and
professionalenvironments and policies. Supporting paternity leave andrefining re-entry
procedureswould allowmorewomentoremainvisibleamongthe ranks (Schwartz,2015).
Transparency and clear, objective evaluation within science education and employment can help

eliminate bias that can arise from vague or poorly defined criteria for success (Hill et al. 2010).
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Teachersatthe middle schoollevel should fosterlearningenvironments thatencourage ‘growth-
mindset’ where success in math, literacy, and spatial skills are defined as a result of acquired
skillas opposed to inherenttalent. This shiftin focus will limitthe impact of stereotypes on
students subjected to biases on scholastic performance (Hill etal. 2010; Vogt, n.d.). Educators
can also make physical changes to classrooms to discourage the image of a subject’s ‘type’. For
example, including artand nature picturesinacomputer science class wasfoundtoincrease the
number of female students interested in the class, but had no effect on the number of interested
males (Masteretal. 2016). Changes can also be made to the university environmenttoincrease
inclusivity by broadeningthetopics of introductory coursesto extendtherange ofrelatable
topics (Hill et al. 2010). In Manitoba especially, engineering communication, socio-technical or
ethics courses caninclude aboriginal perspectives with case studies on what to consider when

planning engineering projects on treaty land or their effects onlocal populations.

3.8 Professional Registration

Thefinal component to becoming an engineer is to register with the provincial association,
Engineers Geoscientists Manitoba. In order to practice engineering, each member must be
registered unless covered under a Certificate of Authorization. While registering is still common
practice in Manitoba, many engineering graduates are deciding against it. According to
Engineers Canada, onlyabout50% of Canadian engineering graduates optedtoregisterin2015
(Engineers Canada, 2015b).

Anational survey offinal-yearengineering students (Engineers Canada, 2015b)found that
46% of students definitely intended to apply for alicense upon graduation in 2015. This number
waslowerthanthe 2014 and 2013 surveyresults (49%in 2014 and 55%in 2013). The most
common reasons students provided for not obtaining a license to practice were that it was not
requiredfortheirintended careerpath (29%), they planned toworkin adifferentprovince or
country, a general lack of interest (13%) or that it was a waste of time and money (4%;
Engineers Canada, 2015a). Engineers Canada determined thatolder students and males who
were permanentresidents ofthe province were morelikelyto applyforalicense throughthe
provincial association. Students with a high knowledge of the licensing requirements were also
more likely to apply for a license than those that had little or no knowledge (Engineers Canada,
2015a).
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3.8.1 Contributing Information

Non-traditional Engineering Fields

As cited in the Engineers Canada study, the most common reason for not registering with
an association is that registration is not required in their desired field of work. Compared to 100
years ago, engineers now workin a variety of fields, as the skills attained inanengineering
degreeareapplicabletoand valuedinothersectors. InManitoba, the engineering profession was
firstregulated bythe Manitoba CivilEngineer's Act, passedin 1896. Thetitle ofthe document
shows how narrow the focus of engineering was at the turn ofthe 20" century. Before flight,
cars, and home electricity, the requirements of engineering were very specific. As the century
progressed and these inventions became commonplace, other engineering focuses were
developed (mechanical and electrical engineering). In more recent decades, the engineering
profession has expanded into many new areas of practice, for example, environmental,
biomedical, and software engineering.

Jobsinthese newengineering fields may nothave the same requirements asthose within
the traditional engineering sectors. Therefore, young engineers inthese non-traditional fields
may not recognize the value in registering with the provincial association. A potential
mechanism for responding to these young engineers is to promote the diversity of registered
members andtheirassociatedfields ofwork. Thisendeavourmayalsobenefitthe overall
perception of the association or engineering profession.

Professional registration is not required for those working in a position that may be filled
bysomeonewithoutanengineeringdegree. Forexample, aBiosystems engineeroragraduate
with a biochemistry degree from the Faculty of Science may both be qualified for the same job.
Similarly, a manager could have a business or engineering background. Engineers in non-
traditional positions may not work with many other engineers, limiting the potential support for
professional registration. On the other hand, companies that hire engineers from a traditional
discipline often reimburse annual professional registration costs, as well as the costs associated

with the Professional Practice Examination.
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Registration Costs

Comparedtootherprofessionalorganizations, theannual Engineers Geoscientists
Manitoba registration fee is relatively low. Chartered Professional Accountants Manitoba (CPA)
has abase annual fee of $985, Manitoba Association of Architects charges $900 annually, and
registration with The Law Society of Manitoba is $2 730. These fees are all well above the $380
annualrenewalfeeforregistrationasaprofessional with Engineers Geoscientists Manitoba.

One difference in these other professional organizations is the variety of payment plans
availabletoeachregisteredindividual. Forexample, The Law Society of Manitoba hasthe
option to pay in two installments, six months apart. At an annual fee of $2 730, two payments is
an easy way to reduce upfront costs for an individual.

Alternatively, CPA Manitoba'’s fees are assessed based on annual income and years of
registration. CPA Manitoba registered members collect ‘points’ based onthe member’s age plus
their years of registration. For example, a40 year old member who registered at age 25 would
have atotal of 55 points. If amember has 80 points, and their CPA related income is less than 10
times the annual fee, theirannual fee is waived. If annual income is over 35 times the annual fee,
that member pays 100% of the annual fee. Different methods to reduce the costto an individual

areimportantformembership retention.

3.8.2 Summary of Findings and Recommendations

Inordertoincrease professional registration, Engineers Geoscientists Manitoba should
promote the importance of engineering skills in non-traditional fields of work. The Association
could also recruit high-profile individuals working in non-traditional fields to register as
professional engineers. Theseindividuals could actas role models forengineering graduates
looking to work in non-traditional fields, and would greatly help the perception of engineering
across the province.

Engineers Geoscientists Manitoba could also increase their presence atthe University of
Manitoba. Currently, students are taughtaboutthe Association, professionalism, and ethicsina
first year design course. There is limited Association presence again until the final year, when
graduatesare encouragedtoregisterasaMember-In-Training (MIT). Potentialwaystoincrease
the presence of Engineers Geoscientists Manitobainclude jointevents with the Faculty of

Engineering, more presentations by members of Council (e.g., during design projects or
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professional networking events), and an updated website with a student-specificarea providing

information onjointevents and the benefits of professional registration. The registration process
foraMIT could be done through this portal, with helpful tips onhowto register. Forexample,

some students may not know that they have to wait until they receive their transcript to register

asaMIT. The website could also be updated so that the engineering graduate could submit their
transcript electronically as opposed to sending it to the Association in the mail.

Registration is important for meeting future marketplace demand for professional
engineers and the dynamics of registration requirements by industry are changing. The Task
Group recommends that a specific group is formed to evaluate professional registration with
Engineers Geoscientists Manitoba, using theinformation summarizedinthis reportas a starting

point.

4  Recommendations for Improving Access to Engineering

Given the six major barriers discussed in the previous section, the Task Group came up
with ten overarching recommendations to improve access to engineering education in the
province of Manitoba, thereby meeting the increasing demand for professional engineersinthe
future. Eachrecommendationincludes alist of additional suggestions or methods for achieving
that recommendation. Many of the suggestions respond to multiple barriers. The
recommendations are summarizedin Table 2, and arelisted below. Various stakeholders have
already initiated some of the suggestions. Rather than eliminate these from the list, they have
beenidentified withadouble asteriskin ordertoencourage the ongoing supportofthese

endeavours.

1) Update the engineering “brand” projected by Engineers Geoscientists Manitoba and
University of Manitoba Faculty of Engineering.

i. Focus on the people representing engineering, over the things engineers design or
build.
ii. Reviewposition statements ofthe Association and ensure thattheyareinclusive

ofthose outside of engineering, allowing full access into the engineering realm.
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Vi.

Vii.

The Association should work with the Faculty of Engineering on any branding

changestoensure consistency ofthe “new brand”.

. Develop a campaign to attract future engineers by highlighting engineering role

models on the Faculty of Engineering and the Association’s websites and in print
materials —similarto the campaign currently being used by the University of
Manitoba. This could be a collaborative effort between Engineers Geoscientists
Manitoba and the University of Manitoba focusing on aspiring individuals,
particularly those from underrepresented groups. Similar campaigns have been
used toincrease the recognized value of an engineering education, including:
www.engineeryourlife.org, and http://www.tryengineering.org/become-an-
engineer, which include biographies of engineers, career experiences,
explanations aboutthe profession, and links about extra-curricular engineering
competitions.

Conductasurvey of practicing engineers with questions related to their life outside
of work, time spent at work, time spent away from home, etc. to provide insight on
allaspects oflife asa professional engineer.

Developaninformational package forguidance councillorsand teacherson
engineering, particularly forrural and northern communities. This package should
includeinformation onthe academicrequirements, application procedures, costof
degree, cost of application, support organizations (e.g. ENGAP), role models,
career options, companies across Manitoba that typically hire engineers, and
starting salaries. If people are given cost, salary, and potentialemployment
information, theywillbe able to make amore informed decisionon how getting
anengineeringdegree will (orwill not)fitinto their lives. WISE could potentially
assistwithdistributionoftheinformational package astheytraveltomanyrural
and northern communitiesin Manitoba.

**The University of Manitoba is currently doing much to restructure the
engineering “brand” in Manitoba. Specifically, the Faculty vision has been
revised to address diversity, and artinstallations celebrating womenin
engineering and ENGAP programs are prominently featured as “welcoming
beacons” (Beddoes, 2016). They have also committed to scholarships supporting

students who are
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female, LGBT, involved in ENGAP, and originally from a rural community.
Consequently, women engineering students have doubled and there are over 100

self-identified Indigenous engineering students (Beddoes, 2016).

2) Promote and support current outreach groups.

**Manitobahas several outreach groupsactingasambassadors and working with
youth to establish diversity within engineering education (i.e., ENGAP, WISE).
Other existing groups within the University of Manitoba include UMES and their
Outreach Days program, (umes.mb.ca/page/get-involved/events/outreach), and
the University of Manitoba’s Let’s Talk Science program
(outreach.letstalkscience.ca/umanitoba.html). The University of Manitoba also
supports “Make YourMove”and “Go ENG Girl” programsto supportwomenin

engineering as wellasthe CIPWIE mentorship program.

3) Promote and develop personal mentorship programs.

Establish a mentorship program pairing prospective engineering students (in
middleandhighschool)witheitheracurrentstudentorarecentgraduate. Programs
such as ENGAP and WISE should be looked at as models, as well as Career Trek,
CIPWIE, Community Schools Investigator, Bright Futuresand SUPERB. Potential

for funded summer camp programming should also be considered.

ii. **Support, and promote existing mentorship programs (e.g., CIPWIE, WISE,

University of Manitoba Career Mentor Program).

4) Call for changes to education and education management in Manitoba.

Develop ascholasticmonitoring programtoincrease the transparency between
schools and school divisions, with the goal of identifying and sharing successful
programs and distributing resources equitably.

Help encourage teachers at the middle school level to foster learning
environments thatencourage ‘growth-mindset’ where success in math, literacy
and spatial skills are defined as a result of acquired skill as opposed to inherent
talent, asthiswillteach students subjectedtobiases onscholastic performance to
be less affected by stereotypes (Hill etal. 2010; Vogt, n.d.).
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iv.

Help encourage educators to make physical changes to classrooms to discourage
the image of a subject’s ‘type’.
Help develop orinspire changesin grade school curriculato promote engineering

processes and concepts in both the natural science and social science realms.

5) Reform scholarship and bursary programs.

Establish arelocation bursary programto provide resources forrural and northern

students who must relocate to study engineering.

ii. Createbursariesthattake into consideration commuting costs to relieve some of

the cost burden incurred by rural students. These costs should consider notonly
the price of commuting (public transit; and automotive fuel and maintenance most
notably), butalso the opportunity costinterms of both potential working time
lost, and studytime asthis affects astudent’'s GPA andtherefore scholarship
chances.

Create bursaries for students from low-income families that disregard the
students’ own income. Often students who work during school have less time to
study and maintain a high GPA, lowering their chances of receiving scholarships

while theirincome may not be enough to coverexpenses.

. **Continue to support scholarships given by the University of Manitoba such as

the Dr. Len Domaschuk Engineering Entrance Scholarship and the Dr. Norman

Stephansson Memorial Scholarship for rural and northern students.

6) Continue to expand the University of Manitoba Faculty of Engineering to

accommodate more students and review the current admissions criteria.

**Continue to support the current expansion strategies lead by the University of
Manitoba, which have resulted in a 39% increase in undergraduate students
betweenthewinter2010andfall2016. Furtherfundingcommitments by the
Manitoba Government are anticipated to promote an additional growth of 8%.
The University of Manitoba is also investing in teaching and laboratory facilities

to eventually increase the physical infrastructure available.
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Allowforstudentstotake a40S physics courseinthefirstyearof university, to
avoid preventing female students who chose to take Biology over Physics in high
school from applying to the Faculty.

Implementaquality-based selection process for students entering the Faculty of
Engineering;thiscanbe appliedtoalimited numberofseatsifitisnotfeasible

for the entire selection process.

7) Continue to support programs that provide financial and/or social assistance,

particularly to minority students.

**Maintain and enhance the University of Manitoba ENGAP program (the best of
its kind in Canada) so that it can continue to assist Indigenous engineering

students.

ii. **Continue to support programs promoting women in engineering. For example,

the University of Manitoba already financially supports CIPWIE and other
women in engineering programs (such as Make your Move and Go ENG Girl).
Support engineering student and technical societies such as the University of
Manitoba Engineering Society, University of Manitoba Student Chapter of SAE
International, University of Manitoba IEEE Student Branch, and the University of
Manitoba Biomedical Engineering Society, toname afew. These groups promote
interaction between students and provide social supportto theirmembers, which

increase the probability ofa studentcompletingtheirengineeringdegree.

8) Establish bridge or transfer programs to the University of Manitoba Faculty of

Engineering from various other programs.

**Establish a bridging program between the Faculty of Engineering and
accredited Engineering Technology Programsin Manitoba, particularly thosein
rural and Northern areas. For example, the Engineering Hybrid Pathways
program is currently being developed at the University of Manitoba to develop
academicpathways between University College ofthe North (e.g., to offer
preliminaryengineering courses),andRedRiver College (e.g., assiststudentsin
qualifying foradvanced entry to adisciplinary program)—in addition to the

continued support oftransfers from Université de Saint-Boniface.
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Create a “second chance” option for University 1 students to apply for the
preliminary year of Engineering, rather than forcing them to compete with
engineering students for class spaces in order to apply to a second year

department

9) Establish on-going research and monitoring plans.

Ongoingresearch can provide feedback onthe success of newinitiatives aimed at
improvingaccess toengineeringin Manitoba.

Monitoring of various socio-ethnic-economicand gendergroupsandtheir
connections to the University of Manitoba Faculty of Engineering, can be used
with the information summarized in this report to inform future decisions and

initiatives.

10) Support changes made to educational, university, and professional policies,

procedures and curricula to promote inclusivity and diversity.

Encourage administrators, educators, employers, and policy makers to determine
whether they harbour any implicit association biases by taking free, online tests

developed by a Harvard University not-for-profit (Project Implicit, 2011).

ii. Support paternity leave, improved maternity leave, and refined re-entry

procedures to allow more women to remain visible among the ranks (Schwartz,
2015).

Increaseinclusivityinthe university environmentbybroadening the topics of
introductory courses to extend the range of relatable topics (Hill etal. 2010) — for
example, courses including Indigenous perspectives with case studies
considering projects on treaty land or the effects of development on the local

population.

. Address differing socio-economic, cultural, and educational backgrounds with

pre-university summer camp programs to help fill skill or knowledge gaps and

furtherenhance student’s soft skills.

. Targeteducationaloremploymentrecruitmenteffortstowards groups

underrepresented in the engineering profession.
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5 Conclusions

The main objectives of the Engineering Education Task Group were to consider the future

marketplace demand and presentaccesstoengineering educationinthe province of Manitoba,

and giventhese findings, recommend possible initiatives forthe future. The Task Group

considered previous studies andreports, knowledge gained through personal experience, and

presentations fromkeyindividuals working to address currentissues with access to engineering

education in the province. Manitoba will likely face a shortfall of qualified engineersinthe

coming years, due to the retirement of a large percentage of current engineers and growth of

engineering-related industries. In order to meet the future demand, barriers to engineering

education must be recognized and diminished. The Task Group found that the existing barriers

fellintoseveralbroad categories:

Recognition: Awarenessfromprospective studentsthatengineeringisapotential
profession to pursue.

Perception: The general perceptionofthe type of personthatwould be suited to
engineering, the schoolingandworkrequiredtoachieveanengineeringdegree, and
the work that a practicing engineer ultimately does.

Social Support: The assistance provided byindividuals or groupsto a prospective
engineer.

Financial Resources: The actual monetary resources available to prospective engineer
tofundtheirengineering education.

Location: The proximity of a prospective studentto a place where engineering
education can beobtained.

Qualification: The preparedness of a prospective student foreducationin the Faculty
of Engineering at the University of Manitoba.

Professional Registration: The requirement for engineering graduates to become

registered professionalengineers.

Professionalregistration withthe Associationwas also seenasanimportantconsideration

for meeting the future engineering marketplace demand, though itis not technically related to

access to engineering education. The above categories were individually evaluated to determine
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potential solutions for assisting prospective engineering students overcome each barrier. The

solutions were combined to generate ten main recommendations:

Revisetheengineering “brand” projected by Engineers Geoscientists Manitobaand
University of Manitoba’s Faculty of Engineering.

Support changes made to educational, university, and professional policies,
procedures, and curricula to promote inclusivity and diversity.

Promote and support current outreach groups.

Promote and develop personal mentorship programs.
Callforchangestoeducationand education managementinManitoba.

Reform scholarship and bursary programs offered by the Faculty of Engineering.
Expand the University of Manitoba Faculty of Engineering to accommodate more
students and modify the Faculty’s admissions criteria.

Continue to promote and fund social and/or financial programs that provide supportto
minority students.

Create bridge or transfer programs to the University of Manitoba Faculty of
Engineering fromvarious otherprograms (e.g., U1, technical colleges).

Establish on-going research and monitoring plans to evaluate the progress of these

measured.

Ingeneral, the research conducted by the Task Group indicated thatthe implementation of

these recommendations would allow for anincrease in the overall size as well as the diversity of

engineering education, and ultimately the engineering field within the Province of Manitoba,

thereby reducing the risk of encountering a shortfall of engineers in the future.
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Tables

Table 1. Barriers matrixillustrating the time a prospective engineering student may encountera

givenbarrier
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