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Introduction. The world of work is undergoing a global shift fuelled by technological innovation, demographic
changes and environmental problems. This heightens the demand for STEM (science, technology, engineering
and math) competencies which are seen as a catalyst for social and economic development. The purpose of this
study was to investigate learner views on STEM professions, the learners’ overall attitudes regarding STEM, as
well as their aspirations and willingness to choose a career in STEM and identify factors which are crucial in
forming young people’s interests in studying STEM and pursuing STEM careers.

Materials and Methods. This pilot study was conducted in May 2019 across three schools in the Moscow
region. The authors used a slightly modified version of the learner questionnaire used by the European study
“ECB-inGenious” to investigate perceptions of STEM careers among Russian learners in grades 8-9 and 10-11.
Results. Overall, it was determined that a combination of intrinsic (cognitive and attitudinal) and extrinsic (social,
cultural and economic) factors were responsible for learner engagement in STEM. Learners showed a strong
awareness of STEM’’s significance to society and displayed positive perceptions of STEM careers, although jobs
in industry appeared less popular than those in other areas of STEM. Some factors, such as a learner’s personal
experiences of STEM in and out of the classroom can even play a decisive role in shaping aspirations towards
STEM careers. Younger learners expressed more enthusiasm for STEM careers than their older counterparts.
Learners enrolled in classes specialising in STEM and learners whose parent(s) worked in STEM-related
professions showed stronger positive attitudes to STEM careers.

Discussion and Conclusion. To make an informed decision, learners require practical information and advice
regarding STEM careers; schools can play an important role in this process. This guidance must begin early,
ideally from primary school when learners are more enthused and interested in learning about STEM careers. It is
also advisable for learners to be given more opportunities to join extracurricular STEM activities; consequently,
a learner’s understanding of STEM subjects is expanded outside the academic curriculum which can spark a long-
lasting interest in the subject. Additionally, STEM subjects’ curriculums require enriching with real-life examples
and should be contextualised in terms of relevant careers. Finally, schools should be encouraged to organise
regular engagements with STEM professionals.
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Annomayus

Beenenne. Mup Tpyaa mepexuBaeT rio0anbHbIE N3MEHEHHS, BBI3BAHHBIC TEXHOIOTMYECKHMH HHHOBAIMSAMH,
JeMorpapuueckuMi U3MEHEHHSAMHU U SKOJIOTHYECKHMMH NpoOiieMaMH. DTO TOBBIIAET CIPOC Ha KOMIIETECHLMU
B obmactu STEM (Hayka, TEXHOJIOTHH, HHXKEHEPHsl M MaTeMaTHKa), KOTOpbIe BCE Yallle PAacCMaTpPUBAIOTCS KaK
KaTalnu3aTtop COMMAIBFHOTO M PKOHOMHYECKOTO pa3BHTHSA. Llens ncciaenoBaHus — OIEHKa MHEHHH IIKOTBHHKOB
Ha STEM-npodeccun, obriero orHorieHus cryaeHtoB k STEM-o0pa3zoBanuio, a TAK)Ke UX CTPEMIICHUSI ¥ TOTOB-
HocTH BBIOpaTh Kapbepy B STEM u onpenenuts GakTopsl, MMEIOIINE peraomiee 3Ha4eHue Ui (GOPMHUPOBAHHS
WHTEPECOB MOJIOABIX Jitofei k u3ydeHnro STEM u BBIOOpY Kapbephl B TaHHOH cdepe.

Marepuajbl 1 MeToabl. HacTosiiee nuinotHoe uccieoBanue 0buto nposeaeHo B Mae 2019 1. B Tpex mikoiax
MocKBBI. ABTOPBI HCIIOIb30BAIM MOAN(UIUPOBAHHBII ONPOCHHK eBponelickoro uccienosannst ECB-inGenious
TUTS U3y9eHus npeactaBieHnii o kaprepe STEM cpenn poccuiickux ydammxes 8—9 u 10-11 kmaccos.
Pe3yabrarel ucciaenoBanus. Ilo uroraMm nccienoBaHHs BbBISIBIEHO COYETAHHE BHYTPEHHUX (KOTHUTHBHBIX
U TIOBE/ICHYECKNX) U BHENIHUX (COLMAIBHBIX, KYJIBTYPHBIX M SKOHOMUYECKHX) (akTopoB. llIkompHUKY Tposie-
MOHCTpHpPOBaNH Nry6okoe nmonnManne BaxxkHoctH STEM-o6pa3oBanust B 00IiecTBEe W MMO3UTHBHOE BOCHPHSTHE
NpoQUIBHBIX PabOYnMX MECT, OJHAKO padoyue MecTa B NPOMBILUICHHOCTH I HUX MCHEe IPHBIICKATEIIbHBI,
gyeM B apyrux oonactsx STEM. Mnaive MKOJIBHAKH TPOSIBIIIN OOJBIIYIO 3aHHTEPECOBAHHOCTh OTHOCHUTEIIb-
HOo STEM-crienmanbHOCTEH, 4eM cTapiiie. Ydamuecs Ki1accoB, cnenuanusupyrommecs Ha STEM, a takxe Te,
4ybi poputenu npodeccuoHanbHo cBsasanbl co STEM, nponemoncTpupoBaiu Oojiee MO3UTHBHOE OTHOLICHHE
k STEM-o6pa3zoBanuto. J[okazaHO BIUSIHUE IIKOJIBI HA BEIOOp yueHnkamu STEM-kapbepsl.

O0cysk1eHne U 3aKJII04eHHe. Pe3ysraTsl HccieioBaHNs BHOCAT BKJIAJ B aHATIN3 MPOOJIEMATHKH BEIOOpaA TIPO-
(beccuu craplieKIacCHUKaMU, IIepexo/ia 0T 00pa30BaHus K PhIHKY Tpyzia. Matepuaiibl craTbu Oy1yT HOJIE3HBI KaK
IIpaKTHKaM B IPOo(OPHEHTAIMOHHOM paboTe B IIKOJIE, TAK ¥ COLUAIBHBIM HCCIIEI0BATEIISIM.

Kniouesvie cnoesa: counonorus nmpodeccuii, MHKXeHep, BOCIPOU3BOICTBO HHXEHEPHbIX KaapoB, STEM, mikona,
npodopueHTanys, BEIOOp npodeccuu, TeHepHbIe CTePEOTHITH, 0alleCOBCKUH MOIX0]

Konghnuxm unmepecog: aBTopsbl 3asBISIIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.
Jna yumuposanus: Konecuukora E. M., Kynenko U. A. Ilpencrasienus mkonpHuKOB 0 STEM-npodeccusx

u Kapbepe B Poccun: pesynmbrarhl MHIOTHOTO MccienoBanus // Uurterpauust oopazosanums. 2022. T. 26, Ne 3.
C. 449-465. doi: https://doi.org/10.15507/1991-9468.108.026.202203.449-465

Introduction
The world of work is undergoing a glo-
bal shift fuelled by technological innovation,
demographic changes and environmental
problems. This heightens the demand for
STEM (science, technology, engineering
and math) competencies which are seen as

a catalyst for social and economic develop-
ment'. Prior to the COVID-19 pandemic
this demand was well acknowledged by re-
searchers and politicians but remained less
visible to the broader public. The pandemic
wreaked havoc on conventional working
patterns and brought first-hand experience of

' OECD Skills for Jobs [Electronic resource]. 2018. Available at: https://www.oecdskillsforjobsdatabase.org/
data/Skills%20Sf] PDF%20for%20WEBSITE%20final.pdf (accessed 15.10.2021).
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remote working, learning and socialising to
millions of ordinary people. In turn, this am-
plified the demand for innovative technolo-
gies and digital solutions and made digital
literacy a basic need and a new human right.
Although the rate of economic and tech-
nological changes has varied across sectors
and geographies, STEM educated work-
forces are likely to be driving economic
growth for many years to come; for instance,
both the EU and USA reported that the
growth in STEM employment over the last
decade has significantly outpaced other sec-
tors of the economy? whilst also generating
a high-earnings premium for individuals
with a STEM degree, even if they work in
non-STEM professions® [1]. A similar pat-
tern can now be observed in Russia [2]. As
new digital-technology advances enter all
sectors, a new ambiguity is introduced to
what qualifies a job as a STEM profession.
Since the onset of the Covid pandemic, this
trend has greatly accelerated and, with time,
STEM jobs could no longer be associated
solely with STEM occupations [1].
Furthermore, it has been argued that
scientific literacy and technology skills are
necessary for effective participation in demo-
cratic deliberation; hence, STEM is best de-
fined as a cultural activity to promote democ-
racy, citizenship and social justice [3—5]. The
United Nations’ 2030 Strategy for Sustain-
able Development envisions STEM educa-
tion as the main driving force to uplift entire
communities by bringing economic, health

and cultural benefits, including gender equal-
ity and social mobility*. This puts a special
emphasis on the quality and accessibility
of STEM education, both within the school
curriculum and as out-of-school experien-
ces [6-8]. In Russia, 2021 was declared the
year of science and technology and policies
were introduced intended to help attract gift-
ed and talented young people to STEM®.

Literature Review

The prominence of STEM in society
has prompted many research and policy ini-
tiatives to improve STEM education. In re-
search, there was a recognized need for bet-
ter theoretical and empirical understanding
of the phenomena as well as for more practi-
cal evidence of what works. There were nu-
merous national and international studies on
the factors affecting STEM learning and ca-
reer aspirations [8—10]. In the second decade
of the millennium, this research agenda was
enriched by the additional focus on social
inclusion, equity and mobility® [11]. Over-
all, research separates intrinsic (i.e. cogni-
tive and attitudinal) and extrinsic (i.e. social,
cultural and economic) factors affecting
young people’s perceptions and preferences
regarding STEM learning and choices of ca-
reer pathways [12].

The critical role of personal STEM ex-
periences in shaping young people’s inte-
rests, career perceptions and behaviours
was also acknowledged’. In this regard, it is
worth noting the concept of science capital

2 Caprile M., Palmen R., Sanz P., Dente G. Encouraging STEM Studies for the Labour Market [Electronic

resource]. 2015. Available at:

https://www.europarl.europa.eu/RegData/etudes/STUD/2015/542199/IPOL

STU%282015%29542199 EN.pdf (accessed 15.10.2021); Zilberman A., Ice L. Why Computer Occupations
Are Behind Strong STEM Employment Growth in the 2019-29 Decade / Beyond the Numbers: Employment
& Unemployment, vol. 10, no. 1 (U.S. Bureau of Labor Statistics, January 2021) [Electronic resource]. Available
at:  https://www.bls.gov/opub/btn/volume-10/why-computer-occupations-are-behind-strong-stem-employment-
growth.htm:Retrieved6/21/2021 (accessed 15.10.2021).

*Noonan R. STEM Jobs: 2017 Update [Electronic resource]. 2017. Available at: https://www.commerce.gov/
sites/default/files/migrated/reports/stem-jobs-2017-update.pdf (accessed 15.10.2021).

4 3 Ways STEM Education Benefits Developing Countries: Tryengineering.org 3 [Electronic resource].
Available at: https:/tryengineering.org/news/3-ways-stem-education-benefits-developing-countries (accessed
15.10.2021).

5 [The Year of Science and Technology] [Electronic resource]. Available at: https://xn--80afdrjqf7b.xn--plai
(accessed 15.10.2021). (In Russ.)

¢ UNESCO. Cracking the Code: Girls” and Women’s Education in Science, Technology, Engineering and
Mathematics (STEM) [Electronic resource]. 2017. Available at: https://www.euagenda.eu/upload/publications/
untitled-137226-ea.pdf (accessed 15.10.2021).

7 Sjeberg S., Schreiner C. The ROSE Project. An Overview and Key Findings [Electronic resource]. 2010.
Available at: https:/roseproject.no/network/countries/norway/eng/nor-Sjoberg-Schreiner-overview-2010.pdf (accessed
15.10.2021).
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which was developed within the UK project
ASPIRES, a longitudinal study of the school
children’s science experiences and disposi-
tions® [13]. Drawing from the sociology of
Pierre Bourdieu and, specifically, his notion
of social capital, science capital refers to sci-
ence-related knowledge, attitudes, experien-
ces and resources acquired by an individual
throughout their life [11; 14]. This includes
who you know and what sort of everyday en-
gagement you have with science. It is impor-
tant because it directly influences a young
person’s disposition towards STEM. The
researchers concluded that an increase in
science capital makes a pupil more likely
to continue learning STEM subjects post-16
and aspire to a STEM-related job.

The findings of the ASPIRES project
echoed the insights from other research stu-
dies that identify the lack of relevance of the
STEM curriculum to STEM-related careers
as a serious barrier to good STEM educa-
tion [12]. They argue that to be interesting and
engaging, STEM teaching must be enriched
with real life and industry examples relevant
to the lives of young people and needs of the
economy or society in general’; it must also
contain up-to-date information on career
options and pathways to achieve them'.
Equally, traditional teaching needs to be en-
hanced with inquiry-based learning, research
engagement and other pedagogies supporting
active learning [15]. However, schools and
teachers often lack relevant expertise and
resources for STEM enrichment and need
external support, which makes a good case
for closer involvement of businesses and
industry in school education'! [16]. The

engagement of STEM employers comes in
various shapes and forms: this ranges from
providing learning resources and role models,
to arranging study visits and competitions, to
offering mentoring, apprenticeships and job
experience, to establishing long-lasting part-
nerships with schools and other providers of
STEM education' [10].

While STEM enrichment can be a game-
changer for STEM education nationally and
internationally, this experience needs careful
examination to generate reliable evidence of
what works in different environments and
circumstances. One of the large-scale Euro-
pean initiatives set up to address this evi-
dence gap was the multi-stakeholder project
“ECB-inGenious” (2011-2014), involving
over 40 partner organisations represent-
ing European industry, policy makers and
STEM educators [12]. The overarching aim
was to foster young Europeans’ interest in
STEM education and careers by supporting
collaboration between STEM educators and
employers. It was particularly designed to
address two specific challenges: lack of in-
terest in STEM subjects and the anticipated
future skills gaps in Europe. To this purpose,
ECB-inGenious facilitated school-industry
partnerships and the development of innova-
tive STEM educational practises designed
by STEM industry partners.

While the body of research on STEM
opinions and career preferences of young
people is growing, there remains an infor-
mation gap regarding (a) the role and nature
of STEM learning experiences in and out of
school; (b) how well the careers guidance sys-
tem meets the needs of the society by helping

8 Archer L., Moote J., MacLeod E., Francis B., DeWitt, J. ASPIRES 2: Young People’s Science and Career
Aspirations, Age 10-19 [Electronic resource]. London: UCL Institute of Education; 2020. Available at: https://
discovery.ucl.ac.uk/id/eprint/10092041/15/Moote_9538%20UCL%20Aspires%202%20report%20full®%20

online%?20version.pdf (accessed 15.10.2021).

? Careers Development Institute. Why Does Employer Engagement Matter? A Tool Kit for Managing
Employer Activities in Schools and Colleges [Electronic resource]. 2014. Available at: http://www.thecdi.net/
write/Why Does Employer Engagement Matter A Toolkit for Managing Employer Activities_in_Schools_

and_Colleges.pdf (accessed 15.10.2021).

10 CEC & CBI. How to Support Careers and Enterprise Activities in Schools: A Practical Guide for
Employers [Electronic resource]. 2017. Available at: https://www.youthemployment.org.uk/dev/wp-content/
uploads/2018/04/careers-enterprise-cbi-employers-guide-schools-v2.pdf (accessed 15.10.2021).

! European Schoolnet: website [Electronic resource]. Available at: http://www.eun.org/resources/publications

(accessed 15.10.2021).

12 Mann A., Rehill J., Kashefpakdel E. Employer Engagement in Education: Insights from International

Evidence for Effective Practice and Future Research [Electronic resource]. 2018. Available at: https://
educationendowmentfoundation.org.uk/public/files/Employer Engagement in Education.pdf (accessed 15.10.2021).

452 MOJEPHU3AIINA OBPABOBAHN A


https://discovery.ucl.ac.uk/id/eprint/10092041/15/Moote_9538%20UCL%20Aspires%202%20report%20full%20online%20version.pdf
https://discovery.ucl.ac.uk/id/eprint/10092041/15/Moote_9538%20UCL%20Aspires%202%20report%20full%20online%20version.pdf
https://discovery.ucl.ac.uk/id/eprint/10092041/15/Moote_9538%20UCL%20Aspires%202%20report%20full%20online%20version.pdf
http://www.thecdi.net/write/Why_Does_Employer_Engagement_Matter_A_Toolkit_for_Managing_Employer_Activities_in_Schools_and_Colleges.pdf
http://www.thecdi.net/write/Why_Does_Employer_Engagement_Matter_A_Toolkit_for_Managing_Employer_Activities_in_Schools_and_Colleges.pdf
http://www.thecdi.net/write/Why_Does_Employer_Engagement_Matter_A_Toolkit_for_Managing_Employer_Activities_in_Schools_and_Colleges.pdf
https://www.youthemployment.org.uk/dev/wp-content/uploads/2018/04/careers-enterprise-cbi-employers-guide-schools-v2.pdf
https://www.youthemployment.org.uk/dev/wp-content/uploads/2018/04/careers-enterprise-cbi-employers-guide-schools-v2.pdf
http://www.eun.org/resources/publications
https://educationendowmentfoundation.org.uk/public/files/Employer_Engagement_in_Education.pdf
https://educationendowmentfoundation.org.uk/public/files/Employer_Engagement_in_Education.pdf

WERAEREY INTEGRATION OF EDUCATION. Vol. 26, No. 3. 2022 issaaasss D

young people transition from education to
the modern world of employment which de-
mands more STEM skills and qualifications.

Materials and Methods

This pilot study was conducted in May
2019 across three schools in the Moscow re-
gion. We used a slightly modified “ECB-in-
Genious” questionnaire for secondary school
learners to investigate STEM views and ex-
periences of Russian learners in grades 89
(1316 years old) and 10-11 (15-18 years
old) (n = 305). In accordance with the prin-
ciples of ethical research, learners were in-
formed about the research purposes, how
their data will be used and the voluntary na-
ture of participation'’.

The female/male gender ratio in the
sample was 47%/53% and just under half of
them (n = 150) reported studying in specia-
list STEM classes, i.e. classes that in addition
to the standard curriculum contain additio-
nally taught elements of ‘specialist’ disci-
plines (e.g., natural sciences, engineering,
IT, medicine, etc.). The remaining 155 lear-
ners reported that their classes specialise in
non-STEM disciplines or have no specialism
at all. The exact breakdown of the cohorts is
shown in Table 1 below.

One of the modifications made to the
original questionnaire was to add a science
capital measure to account for any profes-
sional STEM connections within the learner’s
immediate family. In our sample, nearly two
thirds of learners (n = 199) indicated someone
in their close environment was employed (at
the time of the survey or in past) in STEM-
related professions (engineering, medicine,
natural sciences). Interestingly, just under
half of these learners (n = 97) were from the
classes specialising in STEM subjects whilst
the rest were from non-STEM classes.

Although the sample was sufficient for
the purpose of the pilot study, the findings
need to be treated with some caution; by
uncovering certain patterns in the STEM
perceptions of Russian teenagers, the study
helped to refine the research questions and
instruments, thus paving the way for a fu-
ture large-scale study of young people’s
STEM experiences and perceptions.

The research questions of the pilot study
were:

— How do young people in Russia per-
ceive the STEM industry and jobs?

— What are the respondents’ experiences
of STEM participation and attitudes towards
STEM learning and careers?

Table 1. Breakdown of the secondary school learners’ cohorts (n = 305)

o Gender Grades
Specialism Total
male learners ‘ female learners 8-9 10-11

STEM-related 150 80 70 84 66

including
engineering 92 49 43 43 49
science 9 7 2 7 2
mathematics 25 17 8 25 0
medical 24 7 17 9 15
non-STEM 155 63 92 101 54

including
human/social sciences 79 21 58 32 47
military cadets 38 22 16 38 0
no specialism 38 20 18 31 7
Overall 305 143 162 185 120

13 The study was conducted in accordance with the Code of Ethics and Official Conduct of Employees of
the Federal Research Center of the Russian Academy of Sciences. Available at: https://www.fnisc.ru/files/File/

FNISC kodeks_etiki.pdf (accessed 15.10.2021).
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— What is the value of the concept ‘scien-
ce capital” when studying career aspirations
of young people in Russia?

Some findings of the pilot study were
published earlier, including a comparative
review of opinions on STEM education of
Russian and European learners [17] and
a gender-focused analysis [18]. Those find-
ings are only briefly described here. Instead,
the focus of this article is an additional aspect
of the research which explores how learners
perceive specific STEM careers.

Results

Views on STEM Professions. A set of
questions in the survey was aimed at measur-
ing learners’ perceptions of the STEM indus-
try and related professions. Learners were
offered a mixed list of positive (10), negative
(10) and gendered (3) descriptors and asked
to select the top five that in their view best
describe the industry / manufacturing sec-
tor. Learners were offered the opportunity
to leave their own independent comments.
A similar method was used for obtain-
ing their views on the following groups of
STEM-related professions: jobs in industry
and manufacturing; professions in life sci-
ences and jobs related to mathematics. The
respondents were asked to select from a list
of adjectives that best described their overall
opinions on the relevant profession.

On the whole, when describing their
feelings towards STEM jobs, learners used
positive attributes more frequently than
negative ones: on average they selected
3.8 positive and 2.2 negative attributes per
profession, but there were some noticeable
differences (see Table 2 below).

The main differences were found to
be age-related. As a general rule, learners in
grades 89 evoked more positive responses
than learners in grades 10-11. This seems
to corroborate the findings from an earlier
study [12] in terms of declining positive per-
ceptions of STEM during secondary-to-high-
school transition. The responses to profes-
sions relating to mathematics proved to be the
exceptions: both older and younger learners
rated them positively to the same extent. In-
terestingly, for learners specialising in STEM
subjects, the perceptions of industry and
science jobs were no different from the rest
of the sample, but their views on mathema-
tics-related jobs evoked a far more positive
response. Learners enrolled in STEM class-
es used, on average, 4.3 positive terms and
1.7 negative terms, while other groups of lear-
ners offered more criticism, using 3.7 positive
and 2.3 negative terms to describe mathema-
tics-related professions (Table 2).

We have also observed the importance of
science capital. Learners with parents working
in STEM-related professions tended to share
more positive views on science and mathe-
matics-related professions, but not industry
jobs which received mixed ratings. Children
of scientists were significantly more likely to
express positive views on professions related
to mathematics. Overall, industry jobs were
rated similarly by learners with and without
a parent working in a STEM discipline. This
was largely due to the fact that the parents of
learners working in science or medicine were
surprisingly critical towards jobs in industry
while learners whose parents actually worked
in industry were marginally more positive to-
ward these professions (Table 3).

Table 2. Avisual breakdown of the average number of positive and negative attributes with
respect to various STEM professions as selected by secondary school learners

Average number of attributes Specialism Grades
selected by learners Allleamers o TeM | non-STEM | 89 | 10-11
Industry jobs Positive attributes 34 34 34 3.8 2.8
Negative attributes 2.7 2.8 2.7 2.4 33
Jobs in science research ~ Positive attributes 4.0 4.0 4.0 4.5 3.6
Negative attributes 2.0 1.9 2.0 1.7 2.3
Jobs in mathematics Positive attributes 4.0 43 3.7 4.0 3.9
Negative attributes 2.0 1.7 2.3 1.9 2.2
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Table 3. Breakdown of the average number of attributes selected by secondary school learners’
cohorts (continuation)

Parent(s) i .

Average number of Non-STEM Industry Parent(s) e?girilegsc)el—n Parent(s) in

attributes All engineering | in medical a life-science

; parent(s) . related h
pupils parent(s) profession rofession profession
selected by learners P

yes ‘ no | yes ‘ no | yes ‘ no yes ‘ no yes ‘ no

Industry jobs N 305 217 88 113 192 81 224 30 275 50 255

Positive 34 34 33 35 33 33 34 34 34 29 35
attributes

Negative 2.7 27 28 25 29 30 26 36 26 32 27
attributes

Jobs in Positive 4.0 4.1 37 43 38 42 39 45 40 42 40
science attributes

research Negative 2.0 1.9 22 1.6 22 22 19 23 19 20 20
attributes

Jobs in Positive 4.0 39 40 41 39 42 39 53 38 43 39
mathematics attributes

Negative 2.0 20 20 1.7 22 22 1.9 1.4 2.1 1.7 21
attributes

As well as quantifying the positive and
negative attributes for professions, an additio-
nal qualitative analysis was conducted in order
to identify the top five'* descriptors for each
identified area of STEM professions (industry,
science and mathematics-related), overall and
disaggregated by gender (Table 4 below). By
far the most popular attributes were ‘well-paid’
and ‘for men and women’. These characteris-
tics were chosen by over half of all respondents
in relation to every area of the listed STEM
professions. Two additional attributes, ‘inno-
vative’ and ‘high-tech’, were commonly rela-
ted to industry and science jobs. Furthermore,
mathematics-related professions were viewed
by the majority as ‘safe’ and ‘reliable’.

Learners had a choice of three gender-
based attributes: ‘for men and women’, ‘for
women’ and ‘for men’. Only a small group
of learners (19% of learners in the sample)
did not choose any gender-based attribute
while the majority (81%) felt a gender-based
attribute could be selected to describe STEM
professions. The gender-equity statement
‘for women and men’ was by far the most
popular (Table 4).

Analysing the findings further Bayes-
ian analysis was employed and calcu-
lated conditional probabilities for each
combination of word pairs from the set
of 23 available attributes (253 pairs and
506 combinations) were calculated".

Table 4. The top 5 attributes selected by learners to describe STEM jobs (by percentage of

respondents)
Industry jobs Science jobs Jobs in mathematics
Well-paid 52 Innovative 50 For men and women 52
Innovative 50 For men and women 50 Safe 52
High-tech 46 High-tech 47 Well-paid 50
Dirty 44 Well-paid 46 Reliable 42
For men and women 42 Rewarding 43 Rewarding 40

4 On average, learners chose about 6 characteristics for each area of the STEM profession even though they
were asked to choose just five attributes. This was possible because data was collected via paper questionnaires
hence learners were able to select as many characteristics as they wanted. All selections were included in the analysis.

15 For calculations of conditional probabilities, the authors used a supplementary data analysis package for

MS Excel.
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This methodology established the likelihood
of an attribute being selected together with
another in a pair, denoted by the conditional
probabilities P(A|B) and P(B|A)'¢. By identi-
fying the strongest probability relationships
(where P(A|B) > 0.4) within each pair and
grouping relevant pairs of attributes together,
we established combinations or Clusters of
attributes that had a high probability of be-
ing used together. Attributes that formed the
highest number of strong associations within
a Cluster formed the ‘core’ of any single
Cluster.

For each category of STEM jobs two
clearly identified Clusters were found, which
suggested two opposing sentiments. At the
core of all identified Clusters were terms de-
scribing interest and perceived reward from
the following pairs of contrasting attributes:
‘attractive’/‘unattractive’, ‘boring’/‘exciting’,
‘rewarding’/‘disappointing’. It suggests that
interest and reward form the basis of learner
attitudes to STEM professions. The term ‘at-
tractive’ was the centrepiece in every ‘posi-
tive’ Cluster we identified, just as its antonym
“unattractive’ was at the core of every ‘nega-
tive’ set of attributes.

Industry Jobs. Learner views were very
polarised and split into two equally weighted
Clusters — one with all positive attributes and
one with all negative attributes (Clusters 1
and 2 respectively). The terms ‘attractive’
and ‘exciting’ formed the core of Cluster 1,
with 42% of learners choosing one or both

of these terms (34% of female learners vs
51% of male learners). Other attributes iden-
tified in the positive Cluster were ‘innova-
tive’, ‘well-paid’, ‘high-tech’, ‘rewarding’,
‘reliable’, ‘popular’, ‘for men and women’.
Cluster 2’s core was a mirror image of Clus-
ter 1, with the terms ‘unattractive’ and ‘dis-
appointing’ at its centre. The terms were se-
lected by the same number of learners (42%,
including 49% of female learners and 34%
of male learners). Other attributes associated
with this Cluster were also negative: ‘dirty’,
‘boring’, ‘dangerous’, ‘unpopular’, ‘for men
and women’, ‘low pay’ (Table 5, Fig. 1).

Science Jobs. The distribution of learner
perceptions towards jobs in science mirrored
learner perceptions of industry jobs closely.
Two conflicting positive and negative atti-
tudes were observed here, but the Clusters
were not equal in size and not as clearly
separated as with industry jobs (Tables 6
and 5 respectively). There were a number of
positive attributes (e.g. ‘clean’, ‘well-paid’
and ‘innovative’) that had a high likelihood
of being selected by both those who liked
and disliked science jobs, which testifies to
a more positive understanding of this cate-
gory of STEM jobs.

Overall, science jobs were positively
perceived by two thirds of learners (66%)
and particularly favoured by female lear-
ners: 71% of female learners and 60% of
male learners described them as ‘reward-
ing’, ‘attractive’ or ‘exciting’ (Cluster 1).

Table 5. Industry jobs: Conditional probability relationship between core and non-core

attributes (by percentage)

Core attributes (n = 128)

Core attributes (n = 127)

Cluster 1 Attractive Exciting Cluster 2 Unattractive Disappointing
(n=98) (n=285) (n=103) (n=175)
Innovative 60 70 Dirty 73 67
Well-paid 68 70 Boring 63 65
High-tech 53 64 Dangerous 47 51
Rewarding 47 47 Unpopular 47 44
Reliable 45 42 For men and 46 51
women

Popular 37 46 Low-paid 51 64
For men and 42 40

women

16 Jeliazkov 1., Yang X. (eds). Bayesian Inference in the Social Sciences. New York City: Wiley; 2014. 350 p.
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Fig. 1. Industry jobs: Visualisation of breakdown of the descriptors selected by secondary school learners

These statements were linked to other posi-
tive attributes, many of which resemble
the learners’ choices for industry jobs (‘high-
tech’, ‘innovative’, ‘popular’ and ‘well-
paid’) but there were a few additional items:
‘reliable’, ’safe’ and ‘clean’. Cluster 2 is
formed around two negative attributes, “‘unat-
tractive’ and ‘boring’; this position describes
the views of a third of learners (33% — 31%
of female learners and 35% of male learners).
The fact that these negative terms go hand in
hand implies that science jobs are often consi-
dered unattractive because they are also per-
ceived as boring and tedious in nature. Other

woinen

Rewarding

negative attributes in this Cluster were ‘low-
paid’ and ‘unpopular’. However, in contrast
to industry jobs, all learners, including those
possessing critical views of science jobs, of-
ten selected one or two positive features (e.g.
‘clean’, ‘high-tech’, ‘innovative’) (Fig. 2).
Jobs in Mathematics. There are two
main clusters of perceptions which resem-
ble the polarising divisions observed with
science and industry jobs. However, the
distinction between the Clusters was less
obvious, as many attributes were found to
be of equal importance for those who both
liked and disliked mathematics-related jobs.

Table 6. Science jobs: Conditional probability relationship between core and non-core

attributes (by percentage)

Core attributes (n =201)

Core attributes (n = 101)

Cluster 1 Rewarding Attractive Exciting Cluster 2 Boring Unattractive
(n=131) (n=121) (n=116) (n="78) (n=176)

High-tech 56 57 58 Low-paid 50 51
Reliable 41 34 37 Unpopular 46 46
Popular 39 41 36 Dirty 32 34

Dangerous 26 34
Innovative 60 57 53 Innovative 40 39
Safe 40 37 30 Safe 40 36
Clean 47 47 44 Clean 36 28
Well-paid 60 49 44 Well-paid 29 37
For men and 61 66 59 For men and 51 50
women women
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Fig. 2. Science jobs: Visualisation of breakdown of the descriptors selected by secondary school learners

The Cluster 1 with positive dispositions was
centred around two closely-linked charac-
teristics: ‘attractive’ and ‘rewarding’. This
pair of attributes was selected by 57% of
learners (55% of female learners and 60%
of male learners). Interestingly, the notion
of reward implied both the material reward
(hence a pairing with the term ‘well-paid’)
as well as social recognition (inferred from
the pairing with the term ‘popular’). Jobs
in mathematics were also widely perceived
as reliable, which often went together with
the terms ‘safe’ and ‘clean’. The negative
Cluster was, again, centred around two core
characteristics: ‘unattractive’ and ‘boring’.
These attributes were selected by 43% of

learners (44% of female learners and 42% of
male learners). Other negative attributes as-
sociated with this Cluster were ‘traditional’
and ‘unpopular’ (Table 7).

Interest in STEM Education and Ca-
reer Aspirations. In addition to learning
about learner views on STEM professions,
the study also investigated the learners’ over-
all attitudes regarding STEM, as well as their
aspirations and willingness to choose a ca-
reer in STEM. Additionally, a range of fac-
tors that could influence the learners’ inte-
rests and preferences, such as the learners’
experiences in careers education and the
STEM backgrounds of relatives (i.e. scien-
ce capital), were explored in more detail.

Table 7. Jobsin mathematics: Conditional probability relationship between core and non-core

attributes (by percentage)

Core attributes (n = 175)

Core attributes (n = 132)

Cluster 1 Attractive Rewarding Cluster 2 Unattractive Boring
(n=117) (n=123) (n=94) (n=114)

Well-paid 65 66 Traditional 40 51
Innovative 49 50 Unpopular 49 51
High-tech 47 46

Popular 41 46

Reliable 50 59 Reliable 37 42
Clean 52 60 Clean 39 43
Safe 56 54 Safe 60 63
For men and 53 60 For men and 61 61
women women
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Fig. 3. Jobs in mathematics: A graphic visualising the breakdown of the descriptors selected
by secondary school learners

It was found that there was a relatively high
learner interest in general matters concern-
ing STEM, and some significant influence
on an individual’s career aspirations as a re-
sult of the family’s careers.

In general, the views of Russian school-
children in our pilot study closely resembled
the views of their European peers reported in
the InGenious study [12]:

1. Most learners (70%) showed interest
in topics relating to science and technolo-
gy; however, only 48% reported engaging in
STEM learning activities outside of manda-
tory learning in school.

2. Learners (79%) expressed confidence
in the fact that the future demand for STEM
professionals would grow; there was also
a general consensus (63% of learners) that
studying science is important for the lear-
ners’ individual futures; furthermore, a ma-
jority (55% of learners) agreed that studying
STEM is important, regardless of the career
path undertaken.

3. When asked if they have the personal
qualities and skills required for a career in
STEM, 63% of learners affirmed ‘yes’. Ho-
wever, only 47% wanted to pursue such a ca-
reer, whilst 42% wanted more information
about such professions.

4. Younger learners demonstrated more
confidence in their own abilities and ex-
pressed more enthusiasm for STEM careers
than their older counterparts: 52% of those in
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grades 8-9 stated that they would like a job
related to life sciences or technology, and
70% of learner in this group believed that
their personal qualities and skills were suit-
able for a career in STEM; in stark contrast,
in grades 10-11, these numbers dropped to
39% and 53% respectively.

5. School is largely regarded by teena-
gers as a place for learning academic know-
ledge rather than practical information and
advice about careers. More than half of all
learners (56%) believed that they are not
sufficiently informed about STEM-related
professions at school; of those interested
in a STEM career, only 47% said that they
learned about STEM professions in school.
This points to a poor utilisation of school as
a career-guidance resource.

6. Expectedly, learners enrolled in classes
specialising in STEM showed stronger posi-
tive attitudes to STEM careers and a greater
confidence in having suitable personal quali-
ties and skills (71% of STEM-specialist lear-
ners as opposed to 55% among other lear-
ners); they were also significantly more likely
to be interested in working in STEM (67%
vs 28%) and more of the learners desired
to receive additional information regarding
STEM professions (58% vs 26%).

7. Learners whose parent(s) worked in
STEM-related professions showed similar
tendencies: they were more likely, com-
pared to learners whose parent(s) worked in
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other sectors, to: consider a STEM career for
themselves (52% vs. 38%); be interested in
learning about STEM professions (46% vs.
35%); and reported having personal quali-
ties and skills suitable for STEM professions
(67% vs. 57%).

Discussion and Conclusion

Bridging the Gap between Positive Per-
ceptions of STEM Jobs and Willingness of
Young Adults to Choose a Career in STEM.
It is sometimes assumed that because gad-
gets and technologies play such a big role in
the life of modern young adults, this auto-
matically translates to young adults be-
ing both knowledgeable and positive about
STEM jobs; from this, some argue that there
is no need for extracurricular education and
motivation for the pursuance of STEM ca-
reers. The evidence from this pilot study
challenges this assumption and corroborates
the conclusion from previous international
research [12]: having a general interest in
STEM topics and recognising the role of
STEM in society are not enough to motivate
young people to choose STEM for a perso-
nal career. To pursue a STEM career, lear-
ners require a more tangible knowledge of
STEM jobs and confidence in their own abil-
ities multiplied by a genuine affinity towards
specific jobs.

This paper’s analysis of how attributes
group together shows that material conside-
rations are important but, on their own, they
rarely become the main driving factor for
choosing a STEM career. While young peo-
ple appreciate the financial premium that ac-
companies STEM qualifications, anticipated
increased wages are not enough to form
a positive perception of the profession. The
centrality of such emotive descriptions such
as ‘attractive’ and ‘exciting’ suggests that in
order to select a STEM career, a learner must
possess inherent interest in the nature of the
job, even when potential shortcomings of
such a choice (e.g. ‘dangerous’) are also re-
cognised. The other crucial ingredient is the
self-affirmation that a career in STEM has
the potential of success. This relies on clear
understanding of STEM-related jobs and
preferably some first-hand experience in the
world of STEM professions, which makes
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science capital formed both at school and at
home a powerful means to achieve this state.

For many learners, school remains the
main place for encountering STEM; yet,
these experiences are often focused on ac-
quiring purely academic knowledge and lack
real-life application and the development of
practical skills. According to young adults,
schools, as they are today, are not yet a place
where learners can adequately learn about
STEM-professions. Extracurricular educa-
tion (i.e. STEM clubs), as well as parental
support, may fill this void, but such resourc-
es are not accessible to all learners. Specia-
list STEM classes, where teaching of STEM
subjects is often enriched with practical ap-
plications, provide a viable solution; howe-
ver, if both quality education and career lear-
ning for all learners is desired, this approach
needs to enter mainstream teaching.

Career Guidance at School and Gender
Equality in STEM Related Jobs. While educa-
tion and career guidance on their own cannot
solve all the problems of gender inequality, it
is nevertheless a very powerful mechanism
to help bridge the gender gap in the world
of STEM careers. A comprehensive school
career-guidance system can help female lear-
ners gather more accurate information about
the labour market, get experience in profes-
sions that are considered ‘atypical’ for fe-
males, and become more confident in perso-
nal professional skills and qualifications.

Career Guidance at School in Russia.
STEM education in Russia benefited from
the Soviet legacies where the STEM industry,
research and mass STEM-literacy were top
national priorities. To this day, this fact sees
a great imprint on national culture. Soviet Rus-
sia had a large engineering sector, an exten-
sive network of scientific research institutions,
and a strong system of STEM education from
primary to tertiary levels of education [19].
There was also a strong emphasis on building
work-related knowledge and skills, which
was delivered through school-industry part-
nerships (‘shevstvo’ or ‘polytechnical educa-
tion’), learner work experience programs and
an extensive system of publicly funded and
universally accessible STEM-clubs and other
such extracurricular activities [20]. The end
of the Soviet era in 1991 triggered significant
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economic and social shifts in the fabric of the
society which brought a mixed fortune for
STEM jobs and education.

In recent years, the popularity of STEM
education is increasing, which has been aid-
ed by more state funding going into STEM
economy and Higher Education, as well as
a greater visibility of digital economy. The
idea of developing 21%-century skills for all
school children is becoming a popular notion;
in particular, this is true for mathematical li-
teracy and programming skills [21]. There are
some positive examples in extracurricular edu-
cation [22; 23]. Yet, while the state is trying
to rebuild a system of providing scientific and
technical activities for schoolchildren outside
the curriculum [24-26], according to some re-
search, this is accompanied by a growing so-
cial divide in terms of access to high quality
STEM education and career learning [27-29].

In modern-day Russia, some partner-
ships between schools and local businesses
can be observed; however, such relation-
ships are most often created through a com-
bination of personal initiative and networks
of teachers and parents. Schools also differ
in terms of what enterprises are available lo-
cally and if those enterprises are interested
in partnership with the schools. There are no
formal rules, no institutional knowledge and
no organised structure to support such part-
nership arrangements. Even when partner-
ships are formed, not all of them are run ef-
ficiently or are long-lasting.

To summarise, even for the cases where
schools would like partnerships to STEM
professionals, who can introduce learners to
the real world of modern professions, this is
not an easy task. A system of institutionali-
sed support for school-business partnership
in STEM education and good career guidan-
ce would be a step in the right direction to
help solve this issue.

Advancements in technology will con-
tinue transforming the labour market, inten-
sifying the need for STEM specialists and
STEM competencies. Although learners are
generally interested in STEM topics and are
generally proficient users of tech-gadgets,
this does not necessarily translate to a de-
sire to study and pursue a career in STEM.
School remains, for the majority of learners,
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the focal point of all STEM experiences,
whilst learners’ exposure to extracurricular
STEM activities and career guidance is limi-
ted. Consequently, the learner-body’s know-
ledge regarding STEM professions remains
scarce and fragmented, often relying on ac-
cidental learning. If this is to change, more
needs to be done in and out of school to pro-
vide opportunities for learners to learn and
experience STEM professions first-hand.

Several factors are known to play a role
in determining a learner’s views on STEM-re-
lated professions; these include: learner age;
studying in classes specialising in STEM; and
personally knowing someone who works in
the STEM sector. These factors need to be ta-
ken into consideration when planning careers-
education for learners. This guidance must
begin early, ideally from primary school when
learners are more enthused and interested in
learning about STEM careers. It is also advisa-
ble for learners to be given more opportunities
to join extracurricular STEM activities; con-
sequently, a learner’s understanding of STEM
subjects is expanded outside the academic
curriculum which can spark a long-lasting in-
terest in the subject. Additionally, STEM sub-
jects’ curriculums require enriching with real-
life examples and should be contextualised
in terms of relevant careers. Finally, schools
should be encouraged to organise regular en-
gagements with STEM professionals.

School is likely to remain the main source
of information about all STEM-related know-
ledge. However, school educators often lack
relevant expertise and resources for STEM
enrichment and require external support.
Employer engagement in designing and de-
livering STEM activities could improve the
quality of teaching and learning, and help
increase learner interest and attainment in
STEM disciplines. It can also raise awareness
about the STEM industry and the jobs it offers
as well as combating negative stereotypes,
which are clearly ripe among the learners.

These are important questions and should
be explored further in a full-scale study of
STEM careers education and young people’s
aspirations in various regions of Russia. An-
other avenue to pursue would be exploring
the current practises of collaboration between
STEM employers and schools in Russia.
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