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Abstract
Required and Acquired Skills in STEM: Comparing Employers and Graduates'
Perceptions in Kazakhstan
University graduates’ skill sets remain a highly debated topic in Kazakhstan. While

universities are experiencing increasing pressure from employers and policy makers with
regards to bringing their programs closer to market needs, little is known about graduates’
required and acquired skills in Kazakhstan. This study addresses this gap by examining
graduates and employers’ perceptions about science, technology, mathematics and engineering
(STEM) graduates’ skill sets at one university in Kazakhstan. Using mixed methods research
design, it aims to identify the most important skills for novice STEM professionals, to reveal
how satisfied employers are with graduates’ skill sets and how graduates themselves assess
their skills attained at the university so as to contribute to a better understanding of the role of
universities, employers and students in developing students’ skills. The findings suggest that
in addition to field-specific knowledge, generic skills are highly important for STEM
graduates perceived by both graduates and employers. In particular, ability to solve problems,
working well in a team, ability to work under pressure, getting on well with others in the
workplace, and ability to learn quickly are found to be the most important skills for STEM
graduates. The study revealed significant gaps between graduates’ required and acquired
skills. Graduates appeared to be mainly dissatisfied with their field-specific knowledge and
skills, whereas employers see the biggest gaps in graduates’ ability to solve problems, capacity
to work without close supervision, ability to work under pressure and getting on well with
others in the workplace. The findings show that university, student and employer are all active

participants in the process of developing students’ skills. Overall, this study enhances the
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understanding of university graduates’ skill sets in Kazakhstan and might help university

authorities and STEM program coordinators to improve their degree programs.
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AHHOTAIUA

Heooxonumbie u IIpuodperennbie HaBbikun B STEM: CpaBuuBass MueHnust
Paboronareseii m BoinycknnkoB B Kazaxcrane

Hagwixu BeimyckHHKOB BY30B ocTatorcst mmpoko odcyxaaemoii Temoit B Kazaxcrane.
B To BpeMst Kak YHUBEPCHTETHI HCIBITHIBAIOT BCE OOJIBIIICE TABJICHUE CO CTOPOHBI
paboToaTeell ¥ OJTUTHKOB B OTHOIIEHUH MPUOJIMIKCHISI YHUBEPCUTETCKUX IMPOTPAMM K
MOTPEOHOCTSAM PBIHKA, MAJIO YTO U3BECTHO O HEOOXOJMMBIX M MPUOOPETEHHBIX HABBIKAX
BBEITYCKHUKOB B Ka3zaxcrane. /laHHOE HcciieJOBaHNE YCTPaHSIET STOT Mpo0elt, u3ydast MHEHUS
BBITTYCKHUKOB M pab0TO IaTelIel O HaBBIKaX BBIITYCKHUKOB B 00JIACTH HAYKH, TEXHOJIOTHH,
nmkenepun 1 Matematuku (STEM) B omHOM yHUBepcuTete Kazaxcrana. Mcnonb3ys
CMEIIaHHBIN METO/l, TAHHOE MCCIIeJIOBaHUE HATIPABJICHO Ha BISIBIICHHE Han0OoIee BaYKHBIX
HaBBIKOB JIJIs HAaUMHatomux npodeccuonanoB STEM, onpenenenre HACKOJIBKO pabOTOIATETN
JOBOJIbHBI HABBIKAMU BBIMTYCKHUKOB, U KaK CaMU BBITYCKHUKU OIEHUBAIOT CBOU HABBIKH,
MOJIyYE€HHBIE B YHUBEPCUTETE, YTOOBI CIIOCOOCTBOBATH JyUIlIEMY IIOHUMAaHU IO KaKylO pOJib
UTPAIOT YHUBEPCUTET, pabOTONATENb U CTYACHT B Pa3BUTHH HABBIKOB CTY/ICHTOB.
[TonyueHHsle faHHBIE CBUIETEIBCTBYIOT O TOM, YTO B JOMOJHEHHE K MPOQHILHBIM 3HAHUSM,
oOurue Uiy, Tak Ha3bIBaeMble, MATKME HABBIKM OYEHb Ba)KHBI [ BBITYCKHUKOB STEM, 1o
MHEHUIO KaK BBIITYCKHUKOB, TaK U paboTonatesneil. B wactHocTu, cnocobnocms pewams
npobemsl, Xopouio pabomams 8 KOManoe, CHOCOOHOCMb pabomams 6 Cmpeccos8oll
0bcmanoeke, XOpouio 1adums ¢ Opy2umMu COMpYOHUKAMU HA pabodyem mecme, 1 CNOCOOHOCMb
Oblcmpo yuumuvcs - caMble BOXHbBIE HaBBIKH, HE00X01uMblIe BhITycKHUKaM STEM s
TpyAoycTpoiicTBa. MccnenoBanue BRISIBUIIO 3HAUUTENBHbBIE PA3IUYHS MEKIY HEOOXOIMMBIMU
Y IPUOOpPETEHHBIMU HaBBIKAMH BBIMTYCKHUKOB. Tak, BEIMYCKHUKH B OCHOBHOM HEJIOBOJIbHBI

CBOMMH 3HAHUAMHU U HaBBIKAMU B HpO(i)I/IJ'ILHOI‘/’I JJIS1 HUX 06J13.CTI/I, TOTJa KaK pa6OTOI[aTCJ'II/I
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BHJISIT Camble OOJIBbIIINIE TPOOEIBI B CIIOCOOHOCTH BBITYCKHUKOB peutams npooiembi,
pabomamu 6e3 NPUCMATLHO20 KOHMPOJIS, pabomams 8 Cmpecco8ol 00CMaHo8Ke 1 XOpoulo
J1a0ums ¢ Opyeumu COmpyoOHuKamu Ha pabovem mecme. Pe3ynbTaThl MOKa3bIBAIOT, YTO
VHUBEPCUTET, CTYACHT U PabOTOIATEIh SBIISIOTCS AKTUBHBIMY Y9aCTHUKAaMU IIpoIiecca
pa3BHUTHS HABBIKOB CTYICHTOB. B 11eJI0M, TaHHOE UCCIICIOBAHUE YIIY4YIIaeT IOHUMaHUE
MOATOTOBJICHHOCTH BBITYCKHHKOB BY30B K phIHKY Tpyaa B KazaxcraHe U MOKeT IOMOYb

PYKOBOJICTBY YHUBEPCUTETOB U KoopauHaropam yiydmutb STEM mporpammer.
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AHaaTmna
Ka3zakcrangarsl ZKymbic bepyminiep men Tynekrepain Ilikipin
Caasbicteipymen STEM Ka:kerTi :xone Urepinren Jdarapuiap

Tynexrepniy garaputapsl Kazakcranaa KCHIHCH TaTKbUIAHATBIH TaKBIPHIT OOJIBITT Kaia
OepMeK. YHUBEPCHTETTEPTe )KYMBIC OepyIIiIep MEH casicaTKepiIepiH TapanbiHAH
YHUBEPCUTETTIK OaraapiamMaap/ibl HapbIKTIK KaXKETTUTIKTEPre dKaKbIHIATyFa KaThICTHI
KBICBIM KYIIEHII Kee xaTKaH ke3Je, Kasakcranma TyJekTepre KaXeTTi )KoHE YHHBEPCUTETTE
WTEPUITEeH AaFabuIap Typaisl MATiMeT a3. OChl 3epTTey, OCHI OJIKBUIBIKTHI TYJIEKTEpP MEH
KYMBIC OepyYIIUIepIiH FhIIBIM, TEXHOJIOTHUS, HHXKECHEPHs koHe MaTeMaTrka (STEM)
caJlaChIHJIaFbl YHUBEPCUTET TYJIEKTEPIHIH JaFAbUIaphl Typansl Hikipiaepid KazakctanHbiH Oip
OKY OPBIH/IApPBIH/IA 3€PTTEY apKBUIBI MICIe . Apaiac 3epTTey 9JIiCiH KOJJaHa OTHIPHII, Oy
3eprrey STEM Gactaymibl KoCITKOHIaph! YIIIH €H MaHBI3AbI JaFIbUIApAbl aHBIKTAYFa, dKYMBIC
Oepymriiep iy TYJEKTepIiH JaFIbUIapblHa KAHIIAIBIKTHI KaHAFATTAaHATHIHBIH JKOHE
YHUBEPCUTETTEP/IIH, )KYMBIC O€pyIIiIep MEH CTYASHTTEP IIH POJIIH KAKChl TYCIHY YIIIiH
TYJCKTEPAIH YHUBEPCUTETTE ajFaH OUTIMICPIH Kanail OaraaaldThIHABIFBIH aHBIKTAyFa KOHE
JIaFIbUTApBIH AaMbITy1a OarbITTanFad. Anbiarad masiMertep STEM tynekrep skoHe cCOHbIMEH
Oipre >kymbIc Oepymiiep yuriH Oerin/ii OuTiMre KaThICThI KOChIMITIA 0acKa JKaJIlbl JaFIblIap
eTe MaHbI3/Ibl EKEHIH KopceTeal. ATtan ailtkanna, STEM TynekTepi »kyMbICKa OpHaIacy YIIiH
€H MaHbI3[Ibl IAFJIbl: npoOiemManaposl uieuie Oiny, MmOnma HeaKcol HCYMblc icmey, Cmpeccmix
opmaoa Hcymuvic icmey, 6ACKaIapmeH HeaxKcvl KApblM-KAMbIHAC Hcacay 00vln madwliaobl
KOHE me3 ylpery Kabiniemi. 3epTTey TYJEKTEepre KayKeTTi )KOHE UTepUITeH JIaFAbLIapablH
apachIHIaFbl alTapIBIKTal albIpMaIbIIBIKTap 0ap eKeHiH aHbIKTaabl. COHBIMEH, TYJIEKTED
KeOiHece e3/1epiH KbI3BIKTHIPAThIH calaJarbl OUTiMi MEH JaF/AblIapblHAa KaHaFaTTaHOal1bl, an

KYMBIC OepyIIiiep TYIASKTePIiH npobiemanraposl ueulyee, MyKusam 0axbliayCcbl3 HCYmbic
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icmeyee, cmpeccmik AHcaz0auiapoa HCYMulC icmeyze HCIHe HCYMblC OPHbIHOA ObACKaIapMeH
JACaKcvl Kapvlm-Kamuinacma 060/1y2a 6aiIaHbICThI YIKEH KeMIIUTIKTep I OalKai IbI.
Hotmxenep yHUBEPCHUTET, CTYJCHT KOHE )KYMBIC OEpyIlli CTYACHTTEPAIH AaFAbUIaPBIH
JAMBITY TPOIIECIHIH OEJICeH I KaThICYIIBUIAPHI EKEHAIrH KopceTeni. XKamnmb! anrana, Oy
3epTTey YHUBEPCUTET TYJIeKTepiHiH Ka3akcTaHHBIH €HOCK HapBIFbIHA JAWBIHABIFBIH TYCIHY/ I
KaKcapTaJlbl ’KOHE YHUBEPCUTET OacuIblIapsl MeH yinectipymrinepre e3aepinin STEM

OarapiaManapblH XKEeTUIAIPYre KOMEKTeCe 1.
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Chapter 1. Introduction

Statement of the Problem

In 2012, the first president of Kazakhstan Nursultan Nazarbayev set a goal to become
one of the 30 most developed countries in the world by the year 2050 (Nazarbayev, 2012). In
accordance with the Kazakhstan-2050 Strategy, Nation’s plan “100 Concrete Steps to
Implement Five Institutional Reforms” places great emphasis on the development of
knowledge-based economy (Nazarbayev, 2015). The advancement of innovation sectors, such
as digital technologies, smart manufacturing, big data, renewable energy, new materials, etc.,
is highly prioritized in the country. The Kazakhstan-2050 Strategy underlines the role of
higher education in achieving the country’s strategic goals - universities are expected to
prepare qualified workforce with the skill sets required for the development of national
economy (Nazarbayev, 2015). In particular, it is of significant importance to prepare skillful
professionals in STEM fields - science, technology, engineering and mathematics. Thus in
2019, the government offered 53785 state grants for pursuing a degree in Kazakhstani higher
education institutions, with more than a half of grants allocated for studying information
technology, process manufacturing, construction, engineering, hard sciences, mathematics and
statistics (Guzenkov, 2019). Also, efforts are being made by policy makers to bring higher
education closer to market needs and the requirements of employers. In 2018, in State of the
Nation Address, the first President of Kazakhstan Nursultan Nazarbayev emphasized that “the
main criterion of a successful university is the employment of graduates and high-paid jobs”
(Nazarbayev, 2018). The new State Program for the Development of Education and Science
for 2020-2025 requires universities and colleges to update their educational programs in
accordance with employers’ needs (Ministry of Education and Science of Kazakhstan, 2019).

Furthermore, several state programs highlight the importance of students’ acquisition of in-
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demand skills and close collaboration between universities and industries in order to prepare
job ready graduates. In particular, the state program Digital Kazakhstan highlights the
importance of university programs to keep up with the evolving industry requirements and
suggests transforming the way digital sciences are taught at universities through engaging
professionals into curricula design and teaching (the Government of the Republic of
Kazakhstan, 2017). According to the program, specific attention should be paid to
development of skills which are in demand on labor market, such as programming skills, data
analysis, creative thinking, etc. State program of industrial-innovative development of
Kazakhstan for 2020-2025 indicates that in order to prepare job ready graduates, universities
should equip students with professional competencies in new areas such as development of
new materials, artificial intelligence, bioengineering, digital technologies, etc.

(the Government of the Republic of Kazakhstan, 2019). Also, the program points out that
higher education needs to collaborate with employers in order to ensure graduates’ success in
the workplace. Hence, Kazakhstani universities are expected to equip students with the skill
sets that are highly demanded on the labor market, so after graduation they are ready to
contribute to the development of national economy.

However, while the governmental expenditure on state grants is significant and the
importance of bringing educational programs closer to market needs is highlighted in state
programs, graduates’ skill sets remain to be a highly debated topic in Kazakhstan. In recent
years, several media articles expressed great concern over the skills and work readiness of
university graduates in diverse areas of business (Borisov, 2014; “Kadry Yest”, 2018;
Kazistayev, 2020; Pokidayev, 2020; Sadyk, 2017; Verzhbitskaya, 2018; Vychodchenko,
2015). Furthermore, Jonbekova (2020) suggests that young people in Kazakhstan and

Tajikistan tend to see the purpose of pursuing higher education mainly in improving their
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employment prospects and future economic benefits. The qualitative study shows that the
youth’s motivation to obtain diplomas is often explained not by the interest in acquiring new
knowledge and skills but by the increasing qualification requirements set by employers
(Jonbekova, 2020). Also, a study conducted by PwC and Forbes Kazakhstan revealed that
among different business threats, including price volatility, technological changes, cyberattacs
and others, deficit of qualified workforce concerns CEOs of Kazakhstani companies -
61participants - the most (Shaternikova, 2018). Importantly, in 2018, the national chamber of
entrepreneurs of the Republic of Kazakhstan Atameken pointed out that Kazakhstani
employers are rarely satisfied with skill sets of graduates and presented its own ranking of
Kazakhstani universities’ academic programs (“Reiting Vuzov”, 2018). Overall, the first
ranking revealed that the majority of academic programs, especially in STEM fields, have
become outdated and poorly related to market needs (“Atameken Provyol Ocenku”, 2018;
Selezneva, 2018). Moreover, in 2019, the President of the country Kassym-Jomart Tokayev
announced that in order to improve the quality of education, strict measures have to be
implemented, and universities which do not show a decent employment rate (60%) must be
closed (Tokayev, 2019). Therefore, concerns raised by policy makers and employers indicate
that there is a gap between labour market’s requirements and graduates’ skill sets in
Kazakhstan. However, it is still not clear which skills are essential for STEM graduates, and to
what extent employers and graduates themselves are satisfied with the skills acquired at
university, including generic skills, which are considered to be as important as technical skills
nowadays (Tran, 2015; Succi & Canovi, 2019).

From what has been discussed above, one can see that Kazakhstani universities are
experiencing significant pressure from employers and policy makers with regard to enhancing

graduates’ employability, therefore, understanding the gaps between employers’ needs and



REQUIRED AND ACQUIRED SKILLS IN STEM

Kazakhstani university graduates’ skill sets is crucial. While the issue of university graduates’
skill sets has been researched globally, very few research studies devoted to this issue have
been conducted in Kazakhstan. Thus, Dautbayeva (2015) analyzed important skills for
Medical graduates and found that employers highly value generic skills. Pak, Nuguzhinov and
Pak (2016) report that almost half of employers in technical field are not satisfied with
university graduates’ skills, however without specifying which ones are missing.

Thus, little is known about employers and graduates’ perceptions of STEM graduates’
required and acquired skills in Kazakhstan. Therefore this study addresses this gap by
identifying the skills STEM university graduates must possess and by looking at how satisfied
Kazakhstani employers are with graduates’ skills and how graduates themselves assess their
skills attained at university.

Purpose and Objectives of the Study

The purpose of this study is to explore graduates and employers’ perceptions with
regard to STEM graduates’ skill sets at one Kazakhstani university. The specific purposes of
this study are:

1. To identify the most important skills for STEM graduates in order to get

employed;

2. To find out how satisfied employers are with the skills possessed by graduates

and how graduates themselves assess their skills attained at university;

3. To reveal how graduates and employers perceive the role of universities,

students, and employers in developing students’ skills;
Research Questions

The following research questions guided this study:
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1. What are the most important skills perceived by STEM graduates and those

expected by employers?

2. To what extent are employers satisfied with skills possessed by graduates and

how do graduates themselves assess their skills attained at university?

3. What are graduates and employers’ perceptions of the role of universities,

students and employers in developing students’ skills?

This thesis argues that both graduates and employers place great emphasis on generic
skills for STEM graduates to possess. In particular, ability to solve problems, working well in
a team, ability to work under pressure, getting on well with others in the workplace, and
ability to learn quickly were found to be the most essential skills. The findings also show that
there is a room for improvement in STEM graduates’ skill sets. Graduates appeared to be the
least satisfied with their field-specific knowledge and skills, pointing out the inconsistencies in
curricula, imbalance between theory and practice, and neglect of local market realities as the
main causes of existing deficiencies. However, employers believe that the biggest gaps
between required and acquired skills exist in ability to solve problems, capacity to work
without close supervision, ability to work under pressure and getting on well with others in the
workplace, indicating the differences between academic and work environments and lack of
time students spend outside campus as underlying reasons. Furthermore, the findings show
that both graduates and employers believe that development of students’ skills is a shared
responsibility, so universities, employers and students themselves play a significant role in this
process.

Significance of the Study and Potential Benefits
This study is expected to enhance understanding of STEM graduates”’ skill sets in

Kazakhstan by exploring the gaps between industry requirements and graduates’ skills. The
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study might help STEM program coordinators to improve their degree programs by
identifying the skills needed for graduates to perform successfully in the workplace and
existing deficiencies in graduates’ skill sets indicated by employers and graduates.
Furthermore, the findings of the study may help university authorities to gain more
understanding of how employers and graduates perceive the role of university, student and
employer in developing students’ skills, and therefore strengthen the cooperation among all
parties involved. The study also provides current students with information about the most in-
demand skills for STEM professionals and might help them with preparing for future careers.
The study is hoped to benefit its participants as graduates had a chance to reflect on their skill
sets and career paths, and employers were able reflect on their job requirements. Thus,
participation in this study might help graduates to upgrade their skills, and employers - to
improve hiring practices and provide better support for their employees who recently
graduated from universities.
Outline of the Study

This thesis consists of six chapters: introduction, literature review, methodology,
findings, discussion, and conclusion. The introduction part, which explains the rationale for
conducting this research, its purpose and research questions, is followed by literature review
where | discuss prior research studies into university STEM graduates’ skill sets. The
methodology section deals with the research design, sample characteristics and ethical
considerations. The findings chapter discusses the key findings of this study. The discussion
chapter analyzes the findings in relation to other studies into STEM graduates’ skill sets. The
conclusive part deals with practical implications of this study and provides thoughts for further

research.
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Chapter 2. Literature Review

This section presents the analysis of recent studies into science, technology,
engineering and mathematics graduates’ skill sets and explains the concepts used in this study.
It discusses the most in-demand skills for professionals in STEM fields, the existing gaps
between industry requirements and graduates’ skill sets, and the role of universities, students
and employers in developing students’ skills.
Introduction

One of the main roles which higher education institutions play in society is producing
qualified labor force. Globally, universities are expected to equip students with knowledge and
skills relevant for the market, so after graduation they are ready to get employed and start
contributing to the development of national economy. Due to globalization, unstable economic
situation and technological advancement, labour market is constantly changing and so are skill
sets required by employers (Griffiths, Inman, Rojas & Williams, 2018; Harvey, 2000;
Heckman & Kautz, 2012; OECD, 2017). Although higher education institutions seem to make
considerable efforts to establish partnership with employers through introducing work-
integrated learning (Sin & Neave, 2016), transition to a workplace tends to be stressful for
both graduates and employers due to the fact that knowledge and skills acquired at universities
do not always match industry requirements (Ramadi, Ramadi, & Nasr, 2016; Peng, Zhang, &
Gu, 2016).
Conceptualization of Graduate Employability and Skills Typology

The review of literature shows that there are different ways of defining employability.
Hillage and Pollard (1998) define employability as “the capability to move self-sufficiently
within the labour market to realize potential through sustainable employment™ (p. 2).

Hinchcliffe (as cited in Dacre Pool & Sewell, 2007) highlights the role of professional success,
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meaning that a person does not only obtain and keep employment but becomes successful in
the chosen profession. Furthermore, Dacre Pool and Sewell (2007) extended the definition by
Hinchcliffe by adding job satisfaction as another important element of employability, so they
refer to employability as “having a set of skills, knowledge, understanding and personal
attributes that make a person more likely to choose and secure occupations in which they can
be satisfied and successful” (p. 280). Recent definition by Small, Shacklock and Marchant
(2018) highlights the responsibility of individuals for their employability, stating that
employability is “the capacity to be self-reliant in navigating the labour market, utilizing
knowledge, individual skills and attributes, and adapting them to the employment context,
showcasing them to employers, while taking into account external and other constraints”
(p. 151). While numerous definitions exist, analysis of literature shows that there is a common
agreement among researchers that employability should not be limited to merely obtaining a
job after graduation as it remains important throughout one’s career.

Several scholars have attempted to create a model of graduate employability. Law and
Watts (1977) proposed a DOTS-model which comprises decision learning, opportunity
awareness, transition learning and self-awareness. Hillage and Pollard (1998) outlined four
factors which influence individual employability such as possession of knowledge, skills and
attributes, possession of career management skills, ability demonstrate the assets to employers,
and external factors, such as market trends or personal circumstances. Yorke and Knight
(2004) developed a USEM model which constitutes understanding, skills, efficacy beliefs and
metacognition. CareerEDGE by Dacre Pool and Sewell (2007) includes career development
learning, experience, degree subject knowledge, understanding and skills.

In recent years a skill-based approach toward analyzing the phenomenon of

employability has been criticized. Holmes (2013) argues that obtaining certain skills is not
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enough, and university graduates have to be able to present themselves on the labour market.
The author believes that it is crucial for university students to develop a graduate identity,
which means to be able to act as a graduate and to persuade employers that they are suitable
candidates for a job. Similarly, Hincliffe and Jolly (2011) suggest that attributes and skills
should be analyzed along with graduate experiences. They propose that graduate identity
comprises values, intellectual abilities (including critical thinking and creativity), engagement,
and performance, e.g. ability to apply skills and knowledge to work (Hincliffe & Jolly, 2011).
Clarke (2018) argues that in addition to skills and knowledge, it is reasonable to discuss labour
market characteristics, individual traits, personality, and perceived employability. Overall,
employability constitutes a complex combination of factors, both internal and external.
However, all existing models include knowledge and skills as essential elements of graduate
employability.

Literature shows that there is no universal typology of skills. However, generally,
scholars divide skills into groups such as field-specific and generic skills. Thus, Becker (1993)
and Stevens (1994) differentiate between firm-specific and general or transferrable knowledge
and skills. On the other hand, Bunk (1994) proposes four types of skills such as specialized,
methodological, participative, and socio-individual skills. Hernandez-March, del Peso and
Leguey (2009) discuss vocational and generic types which include knowledge-related,
methodological and interpersonal skills. Similarly, Kohler (2004) divides skills into technical
and soft skills (knowledge-related, methodological, personal and social).

Field-specific skills, also called “hard” or vocational skills, are related to a specific
degree. Dacre Pool and Sewell (2007) argue that vocational skills play a defining role in
obtaining a job as employers firstly evaluate subject specific skills and only after that pay

attention to generic ones. Generic skills, on the other hand, can be easily transferred and
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applied to different occupations and job tasks. Scholars seem to use terms generic, core,
personal, soft, transferable and life skills interchangeably (Holmes, 2013; Succi & Canovi,
2019). For example, Moore and Morton (2017) discuss ‘twenty-first century skills’, OECD
(2017) highlight ‘transformative competencies’, while World Economic Forum refers to
‘human skills’ (WEF, 2018). Heckman and Kautz (2012) refer to soft skills as “personality
traits, goals, motivations and preferences that are valued in the labor market, in school, and in
many other domains” (p. 2).

Throughout the thesis, I will use the terms field-specific knowledge and skills and
generic skills. For the purpose of this study, I will use the following definition of generic
skills proposed by Haselberg within the ModEs project (as cited in Succi & Canovi, 2019)
which states that generic skills “represent a dynamic combination of cognitive and meta-
cognitive skills, interpersonal, intellectual and practical skills” (p. 2).

Overall, the analysis of literature shows that employability is a multidimensional
concept, and both field-specific and generic skills play an important role in obtaining
employment and performing successfully in the workplace.

Graduate Employability and Skills Development in Kazakhstani Context

In Soviet period, higher education system was designed to prepare workforce
specifically for the needs of planned economy. Labour market was regulated through the job
placement system, so all career paths in the country, starting from the first employment till the
retirement, were navigated not by the employees themselves but by the government (Kaotliar,
1984).

After gaining its independence in 1991, Kazakhstan changed its course from planned
to market economy. The Kazakhstan-2030 Strategy, which was announced in 1997 by the first

president of Kazakhstan, indicates economic growth through development of free market
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economy as one of the country’s key priorities (Nazarbayev, 1997). However, the system of
higher education was poorly prepared for such radical changes as Kazakhstan inherited Soviet
system which was highly specialized and relied on planned economy and stable job market.
Soviet universities had to prepare students for specific roles and organized special committees
which were responsible for finding a suitable position for each graduate (De Witt, 1961). In
other words, after receiving diplomas all graduates were guaranteed a job in accordance with
their degree. Transition from planned to free market economy required changes in this
approach to higher education and its relationship with labour market. Students were no longer
guaranteed a job after graduation and became responsible for their future careers. However,
universities kept following the Soviet system for a long time, and only in 2010, when
Kazakhstan joined the Bologna process, higher education system saw changes with regards to
academic programs, assessment system, and other areas. The most recent strategic plan of
Ministry of Education and Science of Kazakhstan for 2017-2021 indicates preparing
employable specialists in accordance with the needs of labour market as one of the main
strategic directions in developing higher education (Ministry of Education and Science of
Kazakhstan, 2016). In recent years, in order to improve higher education system and upgrade
human capital of the country, policymakers have implemented variety of measures, including
the extension of academic autonomy of Kazakhtani universities. Before this reform
Kazakhstani universities had to follow state plans, but now they are able to make changes to
their programs so as to equip students with up-to-date knowledge and skills.

There has been little research into university graduates’ work readiness in Kazakhstan.
Pak et al. (2016) argue that while there have been positive changes in bringing Kazakhstani
higher education closer to industry needs, the level of cooperation between universities and

employers still remains to be significantly low. The survey among 243 representatives of
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metallurgy, construction and mechanical engineering industries from Karaganda region
(Central Kazakhstan) reveled that employers are not ready to take part in creating academic
programs. The main reasons are lack of resources, outdated technologies and equipment, and
limited opportunities of implementing innovations in the near future (Pak et al., 2016). In
other words, employers do not see how recent university graduates, whose minds tend to be
full of new approaches and innovative ideas, can be integrated into the industry with Soviet
legacy. Thus, one third of the participants are not interested in hiring fresh graduates without
working experience (Pak et al., 2016). Furthermore, the study reports that around 40% of
respondents state that graduates lack practical skills and competencies, whereas for 30% of
respondents it seems to be difficult to even identify the requirements. It is consistent with
OECD report which recommends Kazakhstan to strengthen relationship between universities
and employers and create a system of information which reflects graduates’ labour market
outcomes (OECD, 2017). Dautbayeva (2015) analyzed employers’ requirements toward
medical students in Semei (East Kazakhstan) and proposed a model for enhancing graduates’
employability which engages university authorities, employers, policymakers and recruiting
agencies. The quantitative study showed that employers value soft skills more than moral traits
and theoretical knowledge. The most important skills include critical thinking, leadership,
clinical skills, interpersonal skills, knowledge of laws and ethical norms, and willingness to
learn.

Overall, while higher education in Kazakhstan is highly affected by Soviet period,
nowadays it is evolving and introducing international standards of education with special
attention paid to students’ skill cultivation in accordance with market needs. However, it is

still not clear how international approaches and Soviet industrial legacy can coexist.
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Perceived Importance of Skills in STEM Disciplines

Globally, efforts have been made to identify the most important skills for STEM
graduates to possess in order to succeed in the workplace. Literature demonstrates the
increasing importance of generics skills for university graduates due to globalization and
constantly changing market needs (Crebert, Bates, Bell, Patrick, & Cragnolini, 2004; Farr &
Brazil, 2009; Laker & Powell, 2011). Harvey (2000) argues that generic skills are helpful for
integrating into organization culture, thus necessary for successful transition from university to
the labour market. Moreover, Goleman (1995) argues that emotional intelligence, e.g. ability
to recognize own and other people’s emotions and act accordingly, is a predictor of successful
career. A survey conducted across the US employers revealed that generic skills are
considered to be more important than field-specific ones for entry-level information system
professionals (Jones, Leonard, & Lang, 2018). It is consistent with a research devoted to skills
required for big data professionals — a content analysis of job advertisements on one global
website showed that generic skills remain crucial for employers (Gardiner, Aasheim, Rutner,
& Williams, 2018). Peng et al. (2016) surveyed Chinese employers, alumni and graduates and
found that the competency of communication and cooperation is considered to the most
important for Master of Engineering graduates among all groups of respondents. In Malaysia,
Cheong, Hill, Leong and Zhang (2018) showed that students’ perceptions are in line with
employers with regard to the importance of generic skills over technical knowledge. However,
employers and graduates are not always in agreement with regard to the most important skills.
Thus, in the UK, Saunders and Zuzel (2010) found that while employers prioritize personal
qualities and generic skills, bioscience graduates and students tend to place more importance

on technical knowledge.
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Generally, communication and teamwork skills seem to be the most valuable assets for
STEM graduates. In Australia, employers perceive communication and teamwork skills to be
essential for novice engineers (Nair, Patil, & Mertova, 2009). Also, the study based in the
Middle East and North Africa region showed similar results - communication and cooperation
skills of engineering graduates are highly valuable by managers (Ramadi, et al., 2016). Along
with communication skills, ability to solve problems was found to be highly valued by
American employers with regard to engineering graduates (Lattuca, Terenzini, & Volkwein,
2006). Other important skills include ability to use modern technology and ability to apply
field-specific knowledge and skills to job tasks (Lattuca et al., 2006).

Ability to acquire new knowledge and skills is also believed to play an important role
in STEM graduates’ career. Coll and Zegwaard (2006) identified key competencies for science
and technology graduates by surveying students, alumni, employers and faculty in New
Zealand. The results showed that the most valued skill among all groups of respondents was
ability and willingness to gain new knowledge. Similarly, willingness to learn was indicated as
an important skill for information technology professionals in the USA (Jones et al., 2018). A
survey conducted among bioscience students, graduates and employers revealed that all
groups value enthusiasm and willingness to learn (Saunders & Zuzel, 2010). Ability to learn is
also highly valued by employers in the engineering area (Nair et al., 2009). Guest (2006)
stressed that the importance of lifelong learning, pointing out that modern engineers are
expected to be able to constantly develop throughout their career. Additionally, Farr and
Brazil (2009) suggest that leadership skills are of significant importance for American
engineers as they help professionals to adjust to constantly changing global markets.

On the other hand, it is generally agreed that management skills are not as important as

other skills for university graduates. Peng et al. (2016) state that all informants, namely
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graduate students, alumni and employers perceive organization management as not important
competency for novice engineers in China. It is consistent with the study conducted among
Australian employers in the engineering area (Nair et al., 2009).

To summarize, employers and graduates seem to highly value generic skills, especially
communication and teamwork skills. While it does not mean that employers and graduates do
not pay attention to field-specific knowledge, it indicates that generic skills play an important
role in STEM graduates’ work readiness and that acquisition of only field-specific knowledge
is not enough nowadays. Furthermore, it should be noted that employers and graduates’
perceptions with regard to the important skills do not always coincide.

Gaps between Required and Acquired Skills in STEM

In attempting to provide better understanding of how well universities prepare students
for future career, educational researchers often investigate the existence of gaps between
industry requirements and graduates’ skill sets. The literature shows that findings of such
studies tend to vary to a great extent with regard to both field-specific and generic skills.

Several scholars found the mismatch between industry needs and graduates’ field-
specific knowledge and skills. Thus, subject knowledge and ability to apply it to job tasks was
named as one of the most needing improvement by Malaysian employers from diverse areas
(Cheong et al., 2016). Also, Indian employers appeared to be dissatisfied with engineering
graduates’ technical skills (Blom & Saeki, 2011). On the other hand, in Australia, the smallest
gaps between industry requirements and engineering graduates’ skill sets were found in the
areas of field-specific knowledge and skills and usage of communication technology, meaning
that employers are quite satisfied with these skills (Nair et al., 2009). Similarly, study based in
the US, revealed that employers were also quite satisfied with engineering graduates’ technical

skills (Lattuca et al., 2006). Also, the study based in the Middle East and North Africa
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(MENA) region showed that employers are most satisfied with engineering graduates’ ability
to use modern technology and ability to apply mathematical knowledge (Ramadi, et al., 2016).
With regards to generic skills, several studies show that employers are quite
dissatisfied with engineering graduates’ communication skills, ability to manage time and
learning skills. Thus, managers in MENA region are not satisfied with communication skills
of engineering graduates and believe that this competency should be enhanced along with time
management and continuous learning (Ramadi, et al., 2016). In other words, employers in
MENA region believe that engineering graduates need to improve both written and oral
communication skills, plan their time more effectively, and be more responsible for their
professional development (Ramadi, et al., 2016). Very similarly, a study conducted in
Australia showed that there are gaps in employers’ expectations and engineering graduates’
skills with regard to time management, communication skills, ability to set learning goals, and
leaderships skills (Nair et al., 2009). Bodmer, Leu, Mira, & Riitter (2002) surveyed academics,
engineers, human resource professionals and line managers based in the USA and Europe and
found that engineering graduates lack communication, teamwork and leadership skills. Also,
Peng et al. (2016) report that Chinese students, alumni and employers believe that
communication and cooperation skills of novice engineers need to be urgently improved.
Employers also express dissatisfaction with engineering graduates’ problem-solving skills in
India and Australia (Blom & Saeki, 2011; Nair et al., 2009). On the other hand, American
employers were found to be quite satisfied with engineering graduates’ ability to learn and
grow professionally (Lattuca et al., 2006). These findings parallel the perceptions of Indian
employers, who are also satisfied with engineering graduates ability to communicate

effectively (Blom & Saeki, 2011). Ashman, Scrutton, Stringer, Mullinger and Willison.
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(2008) found that both Australian employers and chemical engineering graduates believe that
graduates are best-equipped with teamwork skills.

It is worth noting that employers and graduates’ perceptions do not always match. In
this regard, Peng et al. (2016) report that while Chinese employers are satisfied with field-
specific skills of engineering graduates, students and graduates themselves feel that these
skills have to be improved. A quantitative study conducted in Australia reveled skill mismatch
between industry needs and chemical engineering graduates (Ashman et al., 2008). Employers
believe that there is a need to improve graduates’ communication skills, whereas graduates
perceive their communication skills to be well-developed.

Overall, globally graduates’ skills do not always match employer requirements with
regard to both field-specific and generic skills. Moreover, graduates themselves appear not to
be satisfied with the skills acquired at university.

The Role of Universities, Employers and Students in Developing Students’ Skills

There are continuous debates among scholars about who is responsible for universities
graduates’ employability. Tran (2015) argues that universities cannot be perceived as the only
stakeholder responsible for graduate employability. The qualitative research conducted among
Vietnamese students, graduates and employers representing diverse disciplines and industries,
revealed misunderstanding and poor cooperation between HEIs and other stakeholders (Tran,
2015). Although employers tend to value work-related experience most while recruiting
university graduates, they acknowledge low level of engagement in collaborating with
universities from their side. They might be reluctant to provide students with internships or
support them while they are interns. On the other hand, while students blame universities for
poor generic skills development, they still admit that when it comes to participation in

classroom or extracurricular activities they might be passive and therefore lose opportunities
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to acquire new knowledge and improve their skills. Similarly, a study based in Portugal
revealed low level of cooperation between higher education institutions and employers (Sin &
Amaral, 2017). A survey among 64 employers and 684 academics showed that universities are
perceived to be the main site of developing students’ employability by both groups of
respondents. However, it is important to notice that academics placed almost equal
responsibility for their employability on students. Employers and policy makers are perceived
to be less responsible for students’ employability by both employers and academics. With
regards to employers’ participation in institutional activities, it remains significantly low with
only exceptions of internships and students’ visits to organizations. However, Tholen (2019)
suggests that both graduates and employers acknowledge the limitations of universities in
terms of skills formation and therefore do not expect them to be the only place where skills,
both hard and soft ones, can be acquired. In-depth interviews with laboratory scientists,
software engineers, financial analysts and press officers based in the UK revealed a number of
factors which do not allow universities to teach all skills essential for future jobs. Some
universities cannot provide students with modern technology and laboratory equipment due to
their high costs. Both employers and employees emphasized the importance of work-based
learning; graduates are expected to continue developing and mastering their skills while
working on real projects. The participants also mentioned that individuals should be
responsible for their professional development and employability. It is also problematic to
create one curriculum which will meet the needs of every organization as they have unique
structures, way of working and corporate culture (Holmes, 2013).

Based on the above analysis, it is clear that the role of universities in developing

graduate employability remains under-explored. While some studies show that higher
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education system is expected to equip students with relevant knowledge and skills which are
in line with industry needs, the responsibility of students and employers cannot be neglected.
Enhancing students’ employability remains a highly debated topic on national political
agendas. Due to massification of higher education and high competiveness of labour market, a
university diploma does not guarantee employment in the future (Holmes, 2013; Tomlinson,
2012). It has been argued that nowadays in globalized and economically uncertain world
university graduates have to be flexible and adaptable in order to stay relevant on the
employment market (Bridgstock, 2009). Employers expect university graduates to possess not
only technical knowledge related to their specialty but also a wide range of generic skills
(Andrews & Higson, 2008). However, a large body of studies shows that employers are not
satisfied with graduates’ skill sets and overall work readiness. Heavy governmental investment
in higher education forces policymakers to require measurable results such as high
employment rate and businesses’ satisfaction. One of the main causes of skill and knowledge
deficiencies is poor communication between stakeholders, namely university, student, and

employer.
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Chapter 3. Methodology

This chapter presents the methodology of the study. It discusses the research design,
sampling strategy, methods and procedures of data collection, and data analysis. Ethical
considerations are described at the end of the chapter along with the procedures to minimize
potential risks.
Research Design

This study employs a convergent mixed method research design which means that
quantitative and qualitative data was collected and analyzed independently, and then the
results of two datasets were converged (Cresswell & Plano Clark, 2018). Thus, in order to
answer all research questions of this study, both quantitative and qualitative data was
collected: an online survey with employers and graduates was used to collect quantitative data,
whereas in-depth semi-structured interviews with a smaller sample of graduates and

employers were employed for collecting qualitative data (figure 1).
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Additionally, a case study design was opted for as this study as it focuses on employers
and graduates of one university and aims to go into detail for exploring the research problem.
Yin (2018) pointed out that case studies make it possible “to focus in-depth on a ‘case’ and to
retain a holistic and real-world perspective” (p. 4).

The choice of using mixed method design in based on the need of creating a
comprehensive understanding of the researched problem (Cresswell & Plano Clark, 2018;
Teddlie & Tashakkori, 2009). A single approach alone would not work well for this study as it
would provide very limited, incomplete understanding of the problem. Thus, if only
quantitative data had been collected, there would have been no explanation of the survey’s
results, in particular, why some skills are believed to be important, what cause deficiencies in
graduates’ skill sets, and how the roles of different stakeholders in students’ development are
perceived by participants. Also, there would be no personal experiences of the participants
regarding the acquisition and application of knowledge and skills to job tasks which provide
useful insights and enrich the study. On the other hand, if only qualitative data had been
collected, the results would have lacked general understanding of the researched case, so it
would not have been possible to see a broad picture of graduates and employers’ perceptions.
Teddlie and Tashakkori (2009) highlight that “one type of data gives greater depth, whereas
the other gives greater breadth; together it is hoped that they yield results from which one can
make better (more accurate) inferences” (p. 38). Therefore, in this study, for all research
questions, an online survey has been employed to see a big picture of graduates and
employers’ perspectives on graduates’ skills, whereas in-depth interviews allowed the
researcher to gain insight into the problem through participants’ personal experiences and

subjective opinions.
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Furthermore, mixed method research design is considered to be an effective approach
for conducting case studies as it allows exploring the case in a great depth (Cresswell & Plano
Clark, 2018). Bazeley (2018) discusses case studies as one of the ‘inherently mixed strategies’
in which researchers use the advantages of both methods to strengthen their studies. As the
data for this study was collected at one point in time, this study is cross-sectional (Creswell &
Creswell, 2018).

Sample

The population of this study comprises of science, technology, engineering and
mathematics graduates with a Bachelor’s degree from one university in Central Kazakhstan
received in 2016, 2017 or 2018, and their employers representing diverse industries, such as
oil and gas, mining, construction, finance, education, etc.

The university, which has been chosen for data collection, is located in Central
Kazakhstan and considered to be one of the leading higher education institutions in the
country. It aims to become internationally recognized university and prepare highly skilled
graduates who will contribute to further development of Kazakhstan. It receives large
donations from the government and expected to be a model for other universities in the
country through sharing its best practices in using innovative research, teaching, and
management methods. The language of instruction is English, and faculty are mainly foreign
professionals. Also, the university pays specific attention to the development of research.

In case of university graduates, to collect quantitative data, total population sampling,
which is also called saturation sampling, was employed for this study. Saturation sampling is
usually used when specific universities, businesses or non-profit organizations are studied, so
all members of the population can be easily identified and reached (Sue & Ritter, 2007). As

the target population of this study, e.g. STEM graduates of one university, is known and
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reachable, saturation sampling has been chosen for this study. A sampling frame, the list of
STEM graduates and their email addresses, was readily available and obtained through the
Career and Advising Center of the chosen university. Thus all graduates who received a
Bachelor’s degree in biological sciences, chemistry, computer science, mathematics, robotics
and mechatronics, mechanical engineering, chemical engineering, civil engineering, electrical
and electronic engineering, or physics from the chosen university in 2016, 2017 or 2018 were
invited to participate in the study. The researched period is limited to three cohorts (2016,
2017 and 2018) due to the fact that participants might not clearly remember their perceptions
from earlier periods (Ramadi, et al., 2016). Besides, graduates of 2019 were purposefully
excluded from the sample as they did not have enough time to get exposed to diverse job
tasks, and at the same time they might have experienced stress while transiting from a
university to workplace, so their perceptions might be heavily affected by this fact.

The choice of employer-participants was limited due to the unavailability of sampling
frames. While choosing participants on non-probability basis is less preferable for quantitative
studies than probability sampling, it is still often used by researchers when it is difficult or
impossible to select potential participants (Sue & Ritter, 2007). In this study, the target
employer-population — directors, line managers, supervisors or human resources professionals
with experience of working with STEM graduates from the chosen university — was difficult
to identify, therefore convenience sampling has been employed. This fact was taken into
account when making conclusions and is further discussed in the limitations of the study.
Contacts of the companies were obtained through the Career and Advising Center of the
chosen university, so human resources (HR) departments of these companies were sent
invitation to participate in the study and to share the link within their organizations. Only those

companies which have hired at least one STEM graduate in the past three years were invited to
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take part in the study. Employers who were invited to participate in the study operate in
Kazakhstan and represent diverse industries, including construction, energy,
telecommunications, oil and gas, education, etc. The recruitment letter asks directors, line
managers, supervisors of graduates or human resources professionals who have experience of
working with or hiring graduates from the chosen university to complete the questionnaire.

A total of 935 STEM graduates and 40 employers were asked to participate in an
online survey. The survey produced 206 responses, among which 187 were received from
university graduates and 19 from employers, so a 21.13% response rate was obtained. 11
responses were excluded from the analysis as they were found to be incomplete, so finally 176
responses from university graduates and 19 from employers were analyzed for this study.
Table 1 lists the major characteristics of the university graduates participating in the study.

University graduates received a Bachelors’ degree from the chosen university in 2016 -
45 respondents (25.6%), in 2017 — 86 respondents (48.9%), or in 2018 - 45 respondents
(25.6%). Overall, 47 (26.7%) were females and 129 (73.3%) were males. With regards to
academics majors, 20 respondents (11.4%) studied biological sciences, six (3.4%) - chemistry,
16 (19.1%) - computer science, 21 (11.9%) - mathematics, 12 (16.8%) - robotics and
mechatronics, 18 (10.2%) - mechanical engineering, 27 (15.3%) - chemical engineering, 21
(11.9%) - civil engineering, 35 (19.9%) - electrical and electronic engineering. Graduates who
received a degree in physics were also invited to participate in the study. However, no
responses were received. This fact is further discussed in the limitations of the study. The
large majority of the respondents, 123 people (69.9%), are full-time employed, followed by 36

respondents (20.5%) who are currently pursuing further education.
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Table 1

Profile of Online Survey Participants: University Graduates
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Variable N %
Year of graduation:
2016 45 25.6
2017 86 48.9
2018 45 25.6
Gender:
Male 129 73.3
Female 47 26.7
Academic major:
Biological Sciences 20 114
Chemical Engineering 27 15.3
Chemistry 6 3.4
Civil Engineering 21 11.9
Computer Science 16 9.1
Electrical and Electronic Engineering 35 19.9
Mathematics 21 11.9
Mechanical Engineering 18 10.2
Robotics and Mechatronics 12 6.8
Employment status:
Full-time employed 123 69.9
Part-time employed 7 4.0
Self-employed 4 2.3
Not employed; looking for a job 4 2.3
Not employed; not looking for a job 2 1.1
Pursuing further education 36 20.5
Industry
Consulting 6 3.4
Construction 12 6.8
Education & Science 14 8.0
Energy 6 3.4
Finance 7 4.0
Information Technologies 27 15.3
Healthcare 2 1.1
Manufacturing & Production 4 2.3
Mining & Oil and Gas 38 21.6
Telecommunications 3 1.7
Transportation 2 1.1
Other 9 51
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The minority of the respondents are part-time employed (seven respondents or 4%) or

self-employed (four respondents or 2.3%), or not working at the moment of completing the

survey (six respondents or 3.4%, including both who are looking and not looking for a job).

Among those respondents who are employed, 38 graduates (21.6%) represent mining or oil

and gas industries, 27 graduates (15.3%) - information technology, 14 (8%) graduates -

education and science, 12 graduates (6.8%) — construction, and nine (5.1) - other industries.

For further analysis and interpretation of the results, it is also important to look at how

graduates’ majors, current employment status and industry relate to each other. Thus table 2

present the results of crosstabulation analysis by major and employment status of graduates.

Table 2

The Results of Crosstabulation Analysis by Graduates’ Major and Employment Status

What is your current employment status?

O 4+ —
B T2 g5 £ -
(% 2% £ sfss, & 8
= o = © Q ol ©o.to o © =
=5 to § Eo EE2 £8
T E SE . e oo S5
UL o 0o = BX BT o D
» 28 258 &
What Blgloglcal 9 1 0 1 9 20
was your Sciences
2 .
major?  Chemical 23 1 0 0 1 2 27
Engineering
Chemistry 2 1 0 0 1 2 6
Civil Engineering 15 0 2 0 0 4 21
Computer Science 13 0 0 0 0 3 16
Electrical and
Electronic 25 1 1 0 0 8 35
Engineering
Mathematics 14 3 1 0 0 3 21
Mechanical 5 0 o0 1 0 2 18
Engineering
Robotics and
Mechatronics ! 0 0 2 0 3 L2
Total 123 7 4 4 2 36 176
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Table 3 present the results of crosstabs analysis by major and industry of graduates.
Table 3
The Results of Crosstabulation Analysis by Graduates’ Major and Industry
What industry do you work in?
) 8 .
=] c
2 L2 & o 28 85 <
= g o3 = e 8 8 S = ¢ S5 g
72 E s s - £%5O g 8 S
S ZS5HE5§E€w EEO
O [SI= =S I 2 o 0 &
O o © c S 9Q =
S e S 2F
& S S F
£
What was your Biological Sciences 0 1.7 000200000 10
major? Chemical Engineering 2 012010214001 23
Chemistry 0 01 000002000 3
Civil Engineering 0 7 0100006 011 16
Computer Science 0 000010001101 13
Electrical and Electronic 0 11319017102 26
Engineering
Mathematics 2 1 406 2 00000 3 18
Mechanical Engineering 2 2 0001018010 15
Robotics and 0O 0 0004000101 66
Mechatronics
Total 6 1214 6 7 27 2 4 38 3 2 9 130

It can be observed that the majority of those who studied biological sciences currently

work in the field of education and science (seven respondents); chemical engineering

graduates mainly work mining or oil and gas industry (14 respondents) as well as mechanical

engineering (eight respondents); majority of civil engineering graduates represent construction

(seven respondents) or mining or oil and gas industry (six respondents); computer science

graduates mainly work in IT industry (10 respondents) and robotics and mechatronics (four

respondents); electrical and electronic engineering work in IT (nine respondents) or mining or

oil and gas industries (seven respondents), those who studied mathematics work in the field of
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finance (six respondents) or education and science (four respondents), whereas chemistry
graduates mainly work in mining or oil and gas industry (two respondents).

Table 4 presents the characteristics of the employers.
Table 4

Profile of Online Survey Participants: Employers

Variable N %
Industry
Consulting 2 10.5
Construction 2 10.5
Education & Science 2 10.5
Finance 2 10.5
Information Technology 2 10.5
Manufacturing & Production 2 10.5
Mining & Oil and Gas 6 31.6
Transportation 1 5.3
Company size
100-499 4 21.1
500-999 4 21.1
1000 and more 11 57.9
Company ownership
Public 3 15.8
Private 10 52.6
Other 6 31.6

Employers participating in the study represent the following industries: six participants
(31.6%) work in mining or oil and gas industries, two participants (10.5%) in manufacturing
and production, two participants (10.5%) in finance, two participants (10.5%) in information
technology, two participants (10.5%) in education and science, two participants (10.5%) in
construction, two participants (10.5%) in consulting, and one participant (5.3%) in
transportation. Majority of the employer-respondents, 11 participants (57.9%), work in large

companies with 1000 and more employees. Others represent smaller companies: four
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participants (21.1%) — companies with 500-999 employees and four participants (21.1%) -
companies with 100-499 employees. Regarding the ownership of the companies, the majority
of the respondents — 10 respondents (52.6%) - work for private companies. Others represent
public organizations - three participants (15.8%) or other forms of ownership - six participants
(31.6%).

To collect qualitative data, survey participants were asked to take part in follow-up
individual in-depth interviews (an invitation was incorporated into the online questionnaire).
Thus, nine graduates and three employers from those who agreed to participate in follow-up
interviews were selected using purposive maximal variation sampling. The main criterion for
selecting participants for interviews was their experience with the researched problem, so they
can share insight into graduates’ skills and job readiness (Creswell, 2012). Additionally, as
this study focuses on diverse STEM disciplines, it was important to interview graduates of
different majors and employers from different fields to bring diverse perspectives to the
research (Creswell, 2012). Table 5 presents the characteristics of graduates who participated in
interviews.

University graduates participating in in-depth interviews are full-time employed and
represent diverse majors. The sample includes both male and female graduates. Roughly half
of participants currently work in Kazakhstan, whereas the other half works abroad. All
interview participants are working by profession; except for one participant who has changed
specialization but still have substantial experience of working in the area related to the
Bachelor’s degree. Thus, interview participants are able to share insight into graduates’
preparedness for labor market, as their job duties are connected with the skills obtained at

university.
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Table 5

Profile of Interview Participants: University Graduates
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Participant  Gender Major Year of Employment Location
number graduation  status
Graduate Male  Chemical 2017 Project manager Kazakhstan
participant Engineering
1
Graduate Male Mechanical 2017 Mechanical Abroad
participant Engineering engineer
2
Graduate Female Biological 2016 Scientific Kazakhstan
participant Science worker at a
3 laboratory
Graduate Male  Civil 2016 Civil structure Kazakhstan
participant Engineering engineer at a
4 construction

company
Graduate Male Electricaland 2016 Engineer at a Kazakhstan
participant Electronic scientific
5 Engineering laboratory
Graduate Male  Chemical 2017 Process engineer Kazakhstan
participant Engineering at a construction
6 company

(mining)
Graduate Female Computer 2018 Developer at an Abroad
participant Science IT company
7
Grat_iu_ate Male Electricaland 2017 Engineer at an Abroad
participant Electronic oil and gas
8 Engineering company
Graduate Male  Civil 2016 Engineer at a Abroad
participant Engineering construction
9

company
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Employers participating in the study have substantial experience in hiring recent
graduates from the chosen university, represent construction, engineering and oil and gas
industries and operate in Kazakhstan (Table 6).

Table 6

Profile of Interview Participants: Employers

Participant Industry Position Location
number

Employer Construction & Engineering Human Resources Kazakhstan
participant 1 (industrial purposes ) Manager

Employer Construction Human Resources Kazakhstan
participant 2 Manager

Employer Oil and gas Human Resources Kazakhstan
participant 3 Manager

Methods of Data Collection

The research instrument of the quantitative part of this study is an online questionnaire.
Online format has been chosen purposefully due to the geographic diversity of the sample
(Sue & Ritter, 2007). In other words, an online questionnaire seems to be the most convenient
and cost-effective form of data collection for this study due to the fact that graduates and
employers, the target population of the study, might live, study and work in different cities or
countries.

The online questionnaire consists of four sections. The first section investigates the
perceived importance of skills for STEM graduates to get employed. The participants were
asked to rate the importance of skills using a five-point Likert Scale, where 1= not important,
2= of little importance, 3= neutral, 4= important, 5= very important. A list of 18 skills, which
includes both field-specific and generic skills, has been compiled based on the prior studies

into skills required for STEM graduates (Hernandez-March et al., 2009; Succi & Canovi,
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2019). The list has been piloted among a number of STEM professionals in order to make sure
that the list of skills is relevant. This step was important due to the fact that there is no list that
indicates required skills for STEM university graduates in Kazakhstan and has been developed
by accrediting bodies (Table ).

Table 7

List of the 18 Skills Used in the Study (Hernandez-March, Peso & Leguey, 2009; Succi &

Canovi, 2019)

Type Skill

Field-specific Possess relevant field-specific theoretical knowledge
Possess relevant field-specific technical skills
Ability to apply professional knowledge and skills to job task

Generic
Using modern technology effectively
Possess broad general knowledge
Research skills
Ability to develop innovative ideas
Oral communication skills
Written communication skills
Working well in a team
Getting on well with others in the workplace
Ability to interact with co-workers from different or multi-cultural
backgrounds
Demonstrating leadership skills
Demonstrating ethical standards
Management skills
Ability to work under pressure
Capacity to work without close supervision

In the second section employers are asked to identify how satisfied they are with the
skills of university graduates of the chosen university, whereas graduates are asked to assess
their own skills acquired at the university using a 5-point Likert scale where 1=very
dissatisfied/very poor, 2= dissatisfied /poor, 3=neutral/average, 4=satisfied/good, 5=very

satisfied/excellent.
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The third section is devoted to the question of responsibility of different stakeholders,
such as university, student and employer, in developing students’ skills. Employers and
graduates are asked to rate the importance of the role of university, student and employer in
students’ skills development on a five-point Likert Scale where 1= not important, 2= of little
importance, 3= neutral, 4= important, 5= very important.

The fourth section of the questionnaire deals with demographic data of graduates and
employers. Employers are asked about the area of business, size of the company and
ownership type. Graduates are asked about their gender, education background and current
employment status.

Reliability of the scale has been checked using Cronbach’s alpha (Cronbach & Meehl,
1955). Both reliability in importance (0.868) and reliability in satisfaction (0.878) were found
to be greater than 0.7 which indicates that the instrument is reliable and can be used to collect
data (Mujis, 2004). Construct validity was shown via principal component analysis (Emmons,
1984). Due to the fact that not all employers might speak English, the questionnaire was
available in both English and Russian languages.

In order to collect qualitative data, twelve semi-structured in-depth interviews, nine
with graduates and three with employers, were conducted for this study. Semi-structured
interviews were chosen purposefully as they provide a researcher with flexibility and
opportunity to engage into discussion, ask additional questions and find out more details
(Creswell, 2012). The interview protocol included questions about the most important skills
for STEM graduates to get employed, graduates’ skill sets and work readiness, and the role of
university, student and employer in the development of students’ skills. In order to ensure that
all questions are easily understandable, two pilot interviews were conducted before data

collection: one with a university graduate and one with a human resources manager.
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Data Collection Procedures

Once the author of the study received approval from the Ethics Committee, the process
of data collected began. Quantitative and qualitative data was collected separately from each
other between December and March, 2020.

Due to the restricted access to email addresses of university graduates and employers, a
recruitment letter with the link to the online questionnaire was sent by the Career and
Advising Center of the chosen university. The recruitment letter provided information about
the author and the purpose of the study. The consent form was incorporated into the
questionnaire and presented on its first page. It informs participants about the objectives of the
study, data collection procedures, and participants’ rights. It takes approximately seven
minutes to complete the survey. Two reminders have been sent in order to obtain the desired
response rate. However, after several attempts have been made to recruit participants via
emails, the response rate remained low. The assumption of why such results appeared is that
graduates might rarely check their university emails after finishing education, whereas
employers might be limited by organizational policies with regards to protecting employees’
information. In order to increase the number of responses, snowball sampling has been
employed by the researcher (Creswell, 2012), meaning that those graduates and employers
who took part in the online survey and participated in in-depth interviews, were asked to share
the link to the questionnaire with their former university group mates or colleagues.
Additionally, some graduates were contacted through a professional networking website.
Participants’ rights and privacy were taken into account, so the message sent through the
website contained the same information as the recruitment letter, such as information about the
author, purpose and benefits of the study. Also, in case there was no reply, it was taken as a

rejection to participate and no follow-up messages were sent.
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The collection of qualitative data started slightly later due to the fact that an invitation
to take part in an interview was included into the online questionnaire. The time of an
interview was always chosen for participants’ convenience. All interviews were conducted
online, via video call on Skype and lasted for approximately 30 minutes. Before starting the
interview, participants were one more time informed about the purpose of the study, data
collection procedures and participants’ rights. Eleven interviews were recorded when given
participants’ permission; one employer participant refused to being recorded, so in this case
the researcher took detailed notes during the interview.

Data Analysis

Parallel mixed methods analysis has been used in this study, meaning that two data sets
were analyzed separately and merged only in the writing phase (Teddlie & Tashakkori, 2009).

Firstly, quantitative data was analyzed using IBM SPSS Statistics 23, software which
is widely employed in social science research. With regard to the first and the second research
questions, descriptive statistical analysis was employed to calculate means for importance and
satisfaction with graduates’ skills separately for graduates and employers. In order to check if
there were significant difference between graduates and employers’ perceptions, inferential
statistical analysis was employed. As for the third research question, descriptive statistical
analysis was used to measure the importance of the role of university, student and employer in
developing students’ skills separately for graduates and employers.

Secondly, qualitative data was analyzed using thematic approach. Throughout the data
collection process, all interviews were manually transcribed into text files by the author of the
study in accordance with the idea that “transcription is not a passive act, but instead provides
the researcher with a valuable opportunity to actively engage with his or her research material

right from the beginning of data collection” (Hesse-Biber & Leavy, 2006, p.347). As
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interviews in this study were conducted in Russian language, they were transcribed verbatim
and only specific quotations were translated into English to be later included into findings
chapter. Once all interviews were transcribed, each transcript was read several times and
coded to find “excerpts of data that conceptually ‘hang together” (Mertens, 2009).
Furthermore, codes which emerged from the data were grouped into larger categories and
themes and then analyzed how they are interconnected.

Thirdly, the results obtained from two data sets were brought together when discussing
findings of the study, where “two types of data actually meet and are intended to have an
interactive relationship with the intention of seeing how they might inform each other”
(Mertens, 2009, p. 431).Thus, in this study quantitative results are followed by qualitative
findings, with special attention paid to the convergence or divergence of the results of two
datasets. Finally, conclusions were generated based on the results from quantitative and
qualitative datasets, which were analyzed independently yet allowed ‘talk to each other’
(Teddlie & Tashakkori, 2009, p.231).

Ethical Issues

Before starting the data collection process, the approval from the ethics committee of
Graduates School of Education was obtained. The risks related to this research are minimal.
One of the possible risks is a feeling of discomfort which might occur when university
graduates start assessing how well their skills were developed after graduation and employers
when they are asked about their employees’ skills. In order to minimize this risk, prior to
collecting data, both quantitative and qualitative, participants of the study were introduced to
the consent form which includes information about participants’ rights, the purpose of the
research, and potential risks. In case of the online survey, the consent form was incorporated

into the questionnaire and presented on the first page. The written consent form indicates
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participants’ right to skip any question they are reluctant to provide an answer for and stop
participating in this study without any penalty. Participants of the study were asked to read it
and agree or disagree to participate. Participation in this study is voluntary and does not
provide any financial incentives for participants. Participants of the study are guaranteed
confidentiality and anonymity of their survey and interview responses.

Participants’ names were not asked during the survey. Moreover, the researcher used
Qualtrics software which encrypts the data, so no one, including the researcher, is able to
identify the participants. However, at the end of the survey, participants were invited to take
part in follow-up interviews. If they decided to agree, they had to provide contact information
such as an email address. Nevertheless their responses to this survey will remain confidential
and no names or identifying information will appear in any publications.

Before starting an individual interview, a participant was asked to sign a consent form
and to give permission to record the conversation. If a participant disagreed to record the
conversation, the researcher took notes. Data collected during individual interviews were de-
identified to provide participants’ anonymity and confidentiality. Moreover, participants’
names and any other subject data were removed from interview notes. Participants were
offered to meet at any time and place convenient for them as they might be busy at work.

The data were used only by the author of the study and stored privately. After the
research finishes, the original data will be destroyed. The results are presented in a generalized

way without indicating the participants.
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Chapter 4. Findings

This chapter presents the findings of the convergent mixed methods study which aimed
at identifying the most important skills for STEM graduates, to reveal how satisfied employers
are with graduates’ performance and how graduates themselves assess their skills attained at
the university, and to bring more understanding of what role universities, employers and
students play in developing students’ skills. Quantitative results are presented first and
followed by qualitative findings. The survey and interviews’ results are compared and final
conclusions are based on the results of two datasets.
Principal Component Analysis

In order to group the 18 skills into broader categories, principal component analysis
(PCA) with a VVarimax rotation was employed for this study. PCA allows researchers to reduce
the number of variables and organize them in accordance with the underlying factors
(Hotelling, 1993). First, Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphericity
were employed in order to check if factor analysis can be applied to the list of skills in this
study. If KMO measure is greater than 0.7, and Bartlett’s test of sphericity is significant, the
data can be used in PCA (Kaiser, 1970; Kaiser & Rice, 1974). Table 8 shows the results of
Kaiser-Meyer-Olkin (KMO) and Bartlett’s test.
Table 8

The Results of KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .858
Bartlett's Test of Approx. Chi-Square 1232.488
Sphericity df 153

Sig. .000

As the KMO measure is 0.858 and Bartlett’s test of sphericity resulted in approximate

Chi-Square of 1232.488 and spherisity of 153 with significant level of 0.000, factor analysis
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can be applied to the data in this study and construct validity is demonstrated (Emmons,

1984). In order to extract the factors, principal component analysis (PCA) based on

39

assumption of eigenvalues equal to or greater than one and Varimax rotation was employed.

The PCA yielded four factors with eigenvalue greater than one (Table 9).

Table 9

Rotated Component Matrix. Extraction Method: Principal Component Analysis. Rotation

Method: Varimax with Kaiser Normalization

Skill Component
1 2 3 4

Getting on well with others in the workplace 778
Ability to interact with co-workers from different or multi- 761
cultural backgrounds
Working well in a team 759
Demonstrating leadership skills .697
Demonstrating ethical standards .633
Oral communication skills 597
Management skills 513
Written communication skills 484
Possess relevant field-specific technical skills .839
Possess relevant field-specific theoretical knowledge 783
Ability to apply professional knowledge and skills to job .703
tasks
Ability to solve problems 744
Ability to work under pressure 134
Capacity to work without close supervision 480
Research skills 781
Ability to develop innovative ideas 719
Possess broad general knowledge 535
Using modern technology effectively .359

These four factors are responsible for 57.231% of the overall variance (22.110%,

12.029%, 11.703%, 11.389%). Four categories of skills were labeled by the researcher as

follows:

F1: Communication and Cooperation (e.g. getting on well with others in the

workplace, ability to interact with co-workers from different or multi-cultural backgrounds,
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working well in a team, demonstrating leadership skills, demonstrating ethical standards, oral
communication skills, management skills, written communication skills);

F2: Field-Specific Knowledge and Skills (e.g. possess relevant field-specific technical
skills, possess relevant field-specific theoretical knowledge, ability to apply professional
knowledge and skills to job tasks);

F3: Methodological Skills: (e.g. ability to work under pressure, ability to solve
problems, capacity to work without close supervision);

F4: Knowledge-Related Skills (e.g. research skills, ability to develop innovative ideas,
possess broad general knowledge, using modern technology effectively).

Overall, in this study 18 skills are grouped into Field-Specific Knowledge and Skills
and generic skills (Communication and Cooperation, Methodological Skills, Knowledge-
Related Skills) based on the results of principal component analysis. It should be noted that
while the categories were formed using statistical analysis and labeled by the researcher, they
are also in line with the existing literature (Bunk, 1994; Hernandez-March et al., 2009; Kohler,
2004). Thus, Field-Specific Knowledge and Skills include in-depth theoretical knowledge and
technical skills related to a particular academic discipline or professional field. On the other
hand, generic skills, e.g. Communication and Cooperation, Methodological Skills, and
Knowledge-Related Skills, are easily transferable and can be applied in diverse professional
areas. In particular, Communication and Cooperation category includes skills which help
individuals to articulate ideas and interact with each other in an effective way, Methodological
Skills are concerned with abilities to manage tasks or projects, and Knowledge-Related Skills
are linked to cognitive abilities, such as learn and use new information, develop concepts, etc.

(Hernandez-March et al., 2009; Kohler, 2004).
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Perceived Importance of Skills in STEM Disciplines

In order to address the first research question, the respondents of the study were asked
to evaluate the importance of the 18 skills (Hernandez-March et al., 2009; Succi & Canovi,
2019) using a 5-point Likert Scale where 1= not important, 2= of little importance, 3= neutral,
4= important, 5= very important.

To calculate the perceived importance of categories such as Field-Specific Knowledge
and Skills, Methodological Skills, Communication and Cooperation and Knowledge-Related
Skills, factor scores were calculated using the means of original variables (Thompson, 1993).
Table 10 highlights the results.

Table 10

Importance of Skill Categories Perceived by Graduates and Employers

Methodological ~ Communication Ifr']gl\z'lsgeg';'ﬁd Knowledge-

Skills and Interaction Skil?s Related Skills
Graduates Mean 4.32 4.11 3.98 3.78
Employers Mean 4.23 3.97 4.02 3.95

The results show that all four categories are perceived to be important by both
graduates and employers, with importance mean greater than 3.0. It can be observed that
Methodological Skills are regarded as the most important category by both groups of
respondents. Employers and graduates are also in agreement with regard to Knowledge-
Related Skills - the category was ranked as the least important by both groups, however still
substantially important. On the other hand, graduates and employers’ perceptions with regard
to Communication and Cooperation and Field-Specific Knowledge and Skills differ. Thus,

graduates seem to place greater importance on Communication and Cooperation than Field-



REQUIRED AND ACQUIRED SKILLS IN STEM 42

Specific Knowledge and Skills, whereas employers ranked the former category lower than the
latter.

In order to get more in-depth understanding, means for importance of individual skills
were calculated using descriptive statistical analysis separately for graduates and employers
(table 11).

Table 11

Importance of Individual Skills Perceived by Graduates and Employers

Category Variable Graduates Employers
Mean SD Mean SD

Methodological ~ Ability to solve problems. 448 659 437 761

Skills Ability to work under pressure 443 698 421 787
Capacity to work without close 406 .826 4.11 .809
supervision

Communication ~ Oral communication skills 441 750 4.16 .688

and Cooperation ~ Written communication skills 402 974 405 911
Working well in a team 443 775 426 .653
Getting on well with others in the 427 824 426 733
workplace

Ability to interact with co-workers from  4.09 .921 421 .787
different or multi-cultural backgrounds

Demonstrating leadership skills 3.73 .889 358 1.071
Demonstrating ethical standards 401 1028 4.00 1.000
Management skills 391 919 326 1.147

Field-Specific Possess relevant field-specific theoretical 3.73 .927 3.89 1.049

Knowledge and knowledge

Skills Possess relevant field-specific technical 406 .942 4.00 1.054
skills
Ability to apply professional knowledge  4.14 909 4.16 .688
and skills to job tasks

Knowledge- Using modern technology effectively 416 .836 432 .582
Related Skills Possess broad general knowledge 3.62 924 384 .898
Research skills 3.69 1014 3.84 .688

Ability to develop innovative ideas 3.65 .876 3.79 .787
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As importance means of all skills were found to be greater than 3.0 (midpoint of the
scales), all 18 skills are perceived to be important by both groups of respondents, namely
graduates and employers. Furthermore, it can be observed that graduates and employers’
perceptions are quite similar. Thus, both groups of respondents highly value ability to solve
problems, working well in a team, ability to work under pressure, and getting on well with
others in the workplace. Graduates also ranked oral communication skills as one of the most
important skills, whereas employers stressed the importance of using modern technology and
ability to interact with co-workers from different or multi-cultural backgrounds for STEM
graduates to get employed. Although considerably important (with mean greater than average
3.0 but less than 4.0), possess broad knowledge, research skills, ability to develop innovative
ideas, management skills, demonstrating leadership skills, and possess relevant field-specific
theoretical knowledge appeared to be the least important skills perceived by graduates and
employers participating in the study. Figure 2 shows the importance of individual skills
perceived by graduates and employers in a graphic way.

In order to check if there were significant differences between employers and
graduates’ perceptions, Mann-Whitney U test was employed. The analysis did not reveal any
significant differences, except for management skills that were ranked higher by graduates
than employers in terms of importance for STEM graduates (U = 1.120, p =.012). This might
be explained by the fact that management skills are typically essential for those who apply for
managerial positions, whereas university graduates traditionally start from entry-level
positions. Thus, employers are probably not very interested in such skills when hiring recent
graduates. At the same time, graduates themselves usually seem to be quite ambitious for
climbing career ladder and pursuing managerial career, thus they perceive such skills to be

important for them. So, the difference in graduates and employers’ perceptions with regard to
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the importance of management skills might be explained by varied requirements for entry-

level and managerial positions.
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Figure 2. Importance of Individual Skills Perceived by Graduates and Employers

Analysis of graduates’ perceptions by major, employment status, and gender.
In order to check if there are significant differences in graduates’ perceptions, the data was
also analyzed based on graduates’ major and employment status. One-Way ANOVA is
applied to test if there is significant difference in perceptions of more than two groups.
However, Shapiro-Wilk and Kolmogorov-Smirnov tests showed that the distribution of

importance and satisfaction was not normal and ANOVA test cannot be used. Thus, a non-
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parametric Kruscal-Wallis test was employed to test if there were significant differences
among graduates’ perceptions. The data was analyzed by grouped majors, such as engineering
(chemical Engineering, civil Engineering, electrical and electronic Engineering, and
mechanical engineering), digital sciences (computer science, robotics and mechatronics), and
natural sciences and mathematics (biology, chemistry and mathematics). Majors were grouped
in order to increase the reliability of the test’s results. Significant differences were found
between graduates of different majors regarding the importance of the following skills: written
communication skills, research skills, working well in a team, management skills, using
modern technology effectively, ability to interact with co-workers from different or multi-
cultural backgrounds, and ability to develop innovative ideas.

Thus, graduates who studied digital sciences ranked written communication skills (H=
13.895, p=.001), working well in a team (H=11.819, p=.003), and management skills (H=
12.629, p=.002) significantly lower than graduates of other majors. Such findings might be
explained by the nature of IT industry where professionals use specific programming
languages and typically present their results in a form of programs, applications, etc., but not
in a form of written reports or papers. Also, IT professionals might spend substantial amount
of time working individually, and not often communicating with colleagues or managing other
professionals. At the same time, those who studied natural sciences and mathematics ranked
research skills higher than other groups (H= 10.544, p=.005). These findings might be
explained by their employment status and industries they represent: many of those who
studied natural sciences and mathematics are working in the area of science and education or
pursuing further education where research skills are traditionally of high importance.
Peculiarly, those who studied natural sciences and mathematics ranked using modern

technology effectively (H=8.336, p=.015) and ability to develop innovative ideas (H=7.732,
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p=.021) significantly higher than those who studied digital sciences (no other differences
between these groups and engineering were found). Finally, ability to interact with co-workers
from different or multi-cultural backgrounds was ranked significantly higher by engineering
graduates than those who studied digital sciences (H= 6.858, p=.032); none of other pairwise
comparisons were significant. These findings suggest that skill sets required for STEM
graduates differ based on a major, thus it is important to take it into consideration when
designing and implementing curricula.

Furthermore, the data was analyzed by employment status. Kruscal-Wallis test was
used to see if there are differences between three groups: full-time employed, part-time or self-
employed, and unemployed. The analysis showed that the perceived importance of research
skills, demonstrating leadership skills and demonstrating ethical standards was significantly
affected by the employment status. Step-down follow-up analysis showed that graduates who
are full-time employed ranked research skill significantly lower than other groups (H= 16.337,
p=.001). Possibly, job duties of STEM graduates do not always include research-related tasks
or projects, so research skills are not perceived as profound, unless it is a research position in
academia, scientific center, laboratory, etc. Part-time or self-employed graduates ranked
demonstrating leadership skills higher than other groups, whereas those who are not employed
ranked them significantly lower (H= 15.351, p=.002); no significant difference between full-
time employed and those who are pursuing further education was found. Probably, those who
are part-time or self-employed need to take on leaderships role quite often, for instance, find
projects or clients, make decisions, show initiative, etc., thus leaderships skill are of high
importance for them. Interestingly, those who are not employed ranked demonstrating ethical
standards significantly lower than other groups (H=4.188, p=.003). These findings show that

graduates’ career destinations influence their perceptions of important skill sets. Therefore
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understanding of the career paths students plan to pursue after graduation, e.g. academic,
corporate or self-employed, might inform universities about the skills which have to be taught
so as to ensure students’ professional success in the future.

Mann-Whitney U test was applied to analyze the data by gender. Significant
differences were found between female and male graduates with regards to the following
skills: possess broad general knowledge (U = 3.616, p = .038), research skills (U =3.744, p =
.012), working well in a team (U = 3.635, p =.023), and demonstrating ethical standards (U =
3.745, p = .012). Female graduates ranked the above mentioned skills significantly higher than
their male counterparts, indicating that gender differences might exist on labor market with
regard to job requirements.

Analysis of employers’ perceptions by industry, company size, and ownership
type. Kruscal-Wallis test was employed to check if there were significant differences in
employers’ perceptions when data analyzed by company size, ownership type and industry.
With regards to the ownership type and industry, no significant differences were found.
However, when data was analyzed by company size, it appeared that companies with 100-499
employees ranked research skills higher than larger ones with 1000 and more employees (H=
6.003, p=.05). Possibly, employees of smaller companies have diverse job duties, get engaged
into several projects and generally cover more responsibilities than their peers in larger
companies.

Field-specific knowledge and skills. With regard to the importance of Field-Specific
Knowledge and Skills, qualitative findings support the survey’s results. Although graduates
believe that field-specific theoretical knowledge and related technical skills are important for

their career, it was mentioned by several participants of different majors, both females and
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males, that such skills can be acquired at the workplace using learning-by-doing approach. As
graduate participant 1 explained:
Nowadays communication skills, critical thinking, being fast, being able to solve
problems are in demand. Technical skills will be acquired with time. They are not so

important. Hard skills are like a ‘minimum viable product’: you have them, but [you]
do not expect magic. (Chemical engineering graduate)

Furthermore, several participants of different majors, both male and female, mentioned
that ability to learn quickly (the skill which was not included into the online survey) is one of
the most important skills they have acquired at the university. Graduate participant 7 stressed:

I can name a lot of technical skills which were important but again they were

compensated by learning skills. Because even if | did not have some technical skills, it

was not important as they [skills] could be learnt quickly [in the workplace].

(Computer science graduate)

Graduate participant 5 noted, “When we [graduates] come to a workplace, we face
mistrust because of the absence of practical skills, but after a short period of time, all questions
disappear. Because we know how to learn and understand how things work™ (electric and
electrical engineering graduate).

Employers participating in the interviews perceive field-specific knowledge and skills
to be quite important for graduates, though lack of such skills does not seem to be a deal-
breaker for them. Employer participant 2 stressed that it is critical for their company to find
employees who share core values of the company:

First of all we pay attention not to technical skills because we understand that

graduates are very fresh and mainly possess theoretical knowledge. First of all we pay

attention to their personal competencies, if they coincide with our company’s values.
(Human resources manager, construction company)

Similarly to graduates’ views, all employers noted that their companies are ready to
support fresh graduates in acquiring practical skills. They generally believe that universities

are limited in terms of equipping students with practical skills, so they do not expect fresh
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graduates to demonstrate excellence in this area. However, employer participant 1 stressed that
their company does require students to demonstrate good knowledge of physics and
mathematics:
The company can provide training and teach all other aspects. But in order to make
sure that the person who we have hired will understand all the information we will

provide him or her with, they should have basic skills. (Human resources manager,
construction and engineering company).

Thus, all employers expect fresh graduates to demonstrate broad understanding of the
subject and motivation to learn, and are ready to support them in acquiring practical skills.

Methodological skills. The importance of Methodological Skills, which appeared to be
the most valued category of skills for both graduates and employers according to survey’s
results, was confirmed by qualitative findings. During the in-depth interviews with graduates,
ability to solve problems was mentioned by three participants, all graduates of engineering
majors, as one of their main job duties. Graduate participants of other majors, such as
computer science and biology, also discussed it throughout interviews with regards to
performing job tasks and implementing projects. Thus ability to solve problems seems to be
perceived by graduates as integral part of their professional skillsets. As graduate participant 1
explained, “It [ability to solve problems] is a complex skill and it is important for all
industries”. The same seems to be true for employer participants. Employer participants 1 and
3 noted that while hiring new employees, their companies pay close attention to candidates’
analytical and problem solving abilities. Therefore, they offer candidates to solve different
tasks and cases as a part of their hiring process.

Along with the perceived importance of problem-solving skills, ability to work under
pressure was mentioned by graduate participants of different majors, specifically with regards

to developing new skills in a short period of time and meeting deadlines. Graduate participant
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4, a civil engineer, noted that ability to work under stress is crucial for his job as sometimes
projects have very tight deadlines and nevertheless have to be finished on time.

Communication and cooperation. Graduates actively discussed Communication and
Cooperation Skills during in-depth interviews. The majority of graduates participating in the
interviews mentioned oral communication skills as one the most important skills for their
career. However, during the conversations it became clear that the term ‘oral communication
skills’ is quite broad and participants tend to discuss different aspects. Thus, graduate
participant 3 who currently works at a laboratory pointed out the importance of oral and
written communication skills for scientists, “It is important to be able to explain biology using
accessible language. [Good communication skills] help to convey the results to ordinary
people, to persuade a person in written or oral form to prolong a grant, for example”. Graduate
participant 4, currently a civil structure engineer, emphasized the overall importance of
generic skills and mentioned that communication skills are important when it comes to getting
promoted, “Generic skills are important when communicating in meetings, giving
presentations, working well in a team, communication skills [are important] to get promoted
and grow professionally — establish a dialog with management”. Similarly, graduate
participant 9, also a civil engineer, mentioned the importance of negotiating skills for career
development, specifically when it comes to contract or salary negotiation. Graduate participant
6, who works as a process engineer, pointed out that communication with people is an integral
part of any engineer’s career, “Construction site is closely connected with communicating
with people. That is why soft skills are so important, so called human skills, communication
with people, defending your point of view, ability to get on well with different people”.

With regard to working well in a team, graduate participant 2 stressed that his current

job involves a lot of team work, more than he expected as a student: “Real life is different.
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There are a lot of interactions [within a tem], responsibility for your own actions, your team’s
actions. When I was a student I did not realize how difficult it can be to work in a team”.
Similarly, graduate participant 7, computer science graduate, noticed that as she works in a
small company, and her job requires well-developed teamwork and communication skills.

The increasing importance of generic skills, specifically Communication and
Cooperation, has been mentioned by employer participants as well. Employer participant 1
noted that while their company used to asses generic skills only during the final interviews
with candidates (once it is clear they are satisfied with technical skills of a candidate), they
have changed their approach and now evaluate oral communication skills starting from the
first interview. All employers stressed that possessing well-developed oral communication
skills is of high importance for them when hiring fresh university graduates. As employer
participant 1 explained:

We work not only in the office. We send them [engineers] on business trips. And

during such trips they closely interact with workers of different level. It can be

builders, other workers. So they have to be able to establish contact, communicate, and
understand them. (Human resources manager, construction and engineering company).

Employer participant 3 stressed that ability to present ideas and interact effectively
with colleagues is essential, “We need people who can articulate their ideas clearly. It is a
must. Also we seek those who are ready to work as a part of a team, friendly and not arrogant”
(human resources manager, oil and gas).

Knowledge-related skills. Knowledge-Related Skills were found to be of the least
perceived importance for both graduates and employers according to the survey’s results.
During the interviews, graduate and employer participants did not mention ability to develop
innovative ideas or possess broad general knowledge among the most important skills for

STEM graduates. However, with regard to the importance of research skills, in-depth
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interviews produced mixed findings. In line with the survey’s results, several graduate
participants, 2 and 6, mentioned that they rarely or never use research skills at their current
jobs. For example, graduate participant 2, a mechanical engineer, noted, “I participated in
research activities [while being a student]. But | cannot say that it helps me now at work. |
believe that research skills are useful for those who decide to stay in an academia”. On the
other hand, graduate participant 1, a chemical engineer, noted:

[The fact that] we analyzed a large amount of data [at university] helps. It is needed

nowadays, in the information age. Information comes from everywhere, [you need] to

sort, analyze, find trends, understand. Practical skills, such as information analysis,
experiments, help a lot. (Chemical engineering graduate)

Not surprisingly, those interview participants who work in scientific laboratories,
graduate participants 2 and 5, believe that research skills are highly important for their career.
Also, graduate participant 7, a computer science graduate, stressed that research skills are
useful in her current position which involves research.

Interviews with employers participants also produced mixed results. Generally,
employers did not mention research skills as something crucial for university graduates, but at
the same time employer participant 2 mentioned that research skills are quite important for
university graduates, pointing out that well-developed skills of “analyzing large amount of
data, comparing, doing SWOT and other types of analysis” are helpful for performing job
tasks.

The online survey showed that employers believe that using modern technology
effectively is one the most important skills for graduates to possess. Employer participant 1
mentioned that their company would be happy if fresh graduates possessed some knowledge
about software used by professionals in the industry, “It would be good if university graduates

knew how to use professional software. Usually universities neglect this aspect and students
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have to learn it themselves”. However, employer participant 2 noticed that their company has
unique software, created specifically for the needs of their company, so all new employees
despite their work experience have to learn how to use it. Thus, it seems that in terms of the
software and possibly other equipment companies’ requirements vary.

Overall, in relation to the first research question, it can be observed that quantitative
and qualitative findings mainly support each other. Thus, the importance of Methodological
Skills and Communication and Cooperation was highlighted in both sets of data. With regard
to Knowledge-Related Skills, the survey suggests that this category is of least importance for
both graduates and employers. During in-depth interviews several graduate participants, all
engineers, confirmed that they rarely apply research skills to job tasks, except doing rigorous
information search and analysis. However, three interview participants, graduates of biological
sciences, computer science, and electrical and electronic engineering, stressed the importance
of research skills for their career. This suggests that the perception of the importance of
research skills for graduates vary across majors and industries and mainly depend on specific
if job duties. Additionally, research skills seem to be a complex area and include many
aspects, for example analytical abilities, academic writing, etc. As for Field-Specific
Knowledge and Skills, similarly to the survey’s results, graduates participated in interviews
seemed to prioritize generic skills, specifically with regard to communication and problem-
solving abilities. With regard to employers, although they do not have high expectations of
students’ s field-specific skills, they expect to see good knowledge of basic disciplines, such as
mathematics or physics, so in the future graduates will be able to acquire practical skills. It is
worth noting that qualitative findings did not reveal differences in graduates’ perceptions with

regard to gender.
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Satisfaction with Graduates’ Skills Perceived by Graduates and Employers

With regards to the second research question, graduates were asked to assess how well
their skills were developed after graduation, whereas employers were asked to indicate how
satisfied they are with graduates’ skills using a 5-point Likert Scale where 1=very
dissatisfied/very poor, 2= dissatisfied /poor, 3=neutral/average, 4=satisfied/good, 5=very
satisfied/excellent.

Table 12 presents perceived satisfaction with skills categories such Methodological
Skills, Communication and Cooperation, Field-Specific Knowledge and Skills, and
Knowledge-Related Skills.
Table 12

Satisfaction with Skill Categories Perceived by Graduates and Employers

Field-
Methodological Communication Specific Knowledge-
Skills and Interaction Knowledge Related Skills
and Skills
Graduates Mean 3.99 3.96 3.44 3.84
Employers  Mean 3.67 4.01 3.86 3.79

Generally, both groups of respondents are quite satisfied with graduates’ skills as all
satisfaction means were found to be greater than 3.0. Graduates are mainly satisfied with how
well their Methodological Skills, Communication and Cooperation, and Knowledge-Related
Skills were developed after graduation. However, they were found to be the least satisfied with
Field-Specific Knowledge and Skills. On the other hand, employers are mainly satisfied with
graduates’ Communication and Cooperation, Field-Specific Knowledge and Skills, and
Knowledge-Related Skills. With regard to graduates’ Methodological Skills, employers

appeared to be the least satisfied with this category.
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In order to get a more complete picture, means for satisfaction of individual skills were
calculated using descriptive statistical analysis separately for graduates and employers (table
13).

Table 13

Satisfaction with Individual Skills Perceived by Graduates and Employers

Category Variable Graduates Employers
Mean SD Mean SD

Methodological ~ Ability to solve problems. 402 .800 3.63 .761

Skills Ability to work under pressure 413 875 3.74 1.098
Capacity to work without close 3.83 1.017 3.63 .761
supervision

Communication ~ Oral communication skills 3.86 .864 4.00 .816

and Cooperation ~ Written communication skills 399 862 411 567
Working well in a team 405 773 395 524
Getting on well with others in the 397 799 3.89 .658
workplace

Ability to interact with co-workers from  3.91 1.010 4.11 .567
different or multi-cultural backgrounds

Demonstrating leadership skills 3.60 .933 3.63 .496
Demonstrating ethical standards 405 .830 3.89 .567
Management skills 342 977 353 612

Field-Specific Possess relevant field-specific theoretical 3.60 .908 3.84 .501

Knowledge and knowledge

Skills Possess relevant field-specific technical 3.24 1.008 3.74 .562
skills
Ability to apply professional knowledge  3.48 .919 4.00 .577
and skills to job tasks

Knowledge- Using modern technology effectively 390 .882 416 .501
Related Skills Possess broad general knowledge 3.78 792 4.05 .405
Research skills 410 .879 3.68 .582
Ability to develop innovative ideas 3.65 .842 363 .597

Graduates showed greatest satisfaction (mean higher than 4.0) with how well their
skills were developed with regard to ability to work under pressure, working well in a team,

demonstrating ethical standards, ability to solve problems and research skills. As for



REQUIRED AND ACQUIRED SKILLS IN STEM 56

employers, they are most satisfied with the following graduates’ skills: using modern
technology effectively, written communication skills, oral communication skills, ability to
interact with co-workers from different or multi-cultural backgrounds, ability to apply
professional knowledge and skills to job tasks and possess broad general knowledge.

On the other hand, graduates ranked ability to apply professional knowledge and skills
to job tasks, possess relevant field-specific technical skills, and possess relevant field-specific
theoretical knowledge as ones of least developed skills. Employers are the least satisfied with
graduates’ ability to solve problems, capacity to work without close supervision, and research
skills. Both groups expressed least satisfaction with regard to management skills,
demonstrating leadership skills, and ability to develop innovative ideas. Figure 3 demonstrates
satisfaction with individual skills perceived by graduates and employers in a graphic way.

In order to check if there were significant differences between employers’ and
graduates’ perceptions Mann-Whitney U test was employed. The results show that employers
ranked significantly higher the following skills: possess relevant field-specific technical skills
(U =2.135, p =.036) and ability to apply professional knowledge and skills to job tasks (U =
2.205, p =.015). Interestingly, employers ranked research skills (U = 1.115, p =.011) lower
than graduates. These findings show that graduates in this study are more critical toward their
filed-specific knowledge and skills than employers. On the other hand, graduates are more

confident about their research skills than employers.
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Figure 3. Satisfaction with Individual Skills Perceived by Graduates and Employers
Kruskal-Wallis test was run to identify differences in graduates’ perceptions by

majors. Interestingly, the results show that those who studied Digital Sciences ranked
management skills (H= 11.231, p=.004), working well in a team (H= 7.289, p=.026), and
leadership skills (H=11.719 , p=.003) as less developed in comparison with graduates of other
majors. When data was analyzed by employment status, the results show that those graduates
who are currently pursuing further education ranked possess relevant field-specific theoretical
knowledge higher than those who are full-time employed (H=9.263, p=.026). This might be
explained by the fact that graduates who are currently pursuing further education might have

spent substantial amount of time acquiring theoretical knowledge while being Bachelor’s
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students as they planned to go back to academia for further education, so as a result they are
confident about their skills now. Another possible explanation is that they have a chance to
apply the theoretical knowledge acquired through Bachelor’s degree to current studies and see
how well they are prepared. When data was analyzed by gender no significant difference was
found. With regards to employers, when data was analyzed by industry, company size, and
ownership no significant difference was found.
Gaps between Required and Acquired Skills in STEM

In order to understand if there are gaps between required and acquired skills, the
difference between importance mean and satisfaction mean was calculated (table 14).
Table 14

Gaps between Required and Acquired Skill Categories Perceived by Graduates and

Employers
Methodological Communication and Field-Specific Knowledge-
) : Knowledge and .
Skills Cooperation Skills Related Skills
Graduates Gap 0.33 0.15 0.54 -0.06
Employers Gap 0.56 -0.04 0.16 0.16

According to the graduates participating in this study, the biggest gap between
importance and satisfaction exists in graduates’ Field-Specific Knowledge and Skills.
Furthermore, graduates believe that Methodological Skills and Communication and
Cooperation also need to be improved. With regard to Knowledge-Related Skills, the gap
appeared to be the smallest and negative, indicating that the mean of satisfaction is higher than
the mean of importance for this category. As for employers, the largest gap appeared to be in
graduates’ Methodological Skills. Also, employers believe that there is a room for

improvement in graduates’ Field-Specific Knowledge and Skills and Knowledge-Related
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Skills. With regard to Communication and Cooperation, employers were found to be satisfied
with this category with the mean of satisfaction higher than the mean of importance.In order to
dig dipper into the data, the difference between importance mean and satisfaction mean was
also calculated for each skill (table 15).

Table 15

Gaps between Required and Acquired Individual Skills Perceived by Graduates and

Employers
Category Skill Gap/Graduates Gap/Employers
Methodological ~ Ability to solve problems. 0.46 0.74
Skills Ability to work under pressure 0.30 0.47
Capacity to work without close 0.23 0.48
supervision
Communication  Oral communication skills 0.55 0.16
and Cooperation Written communication skills 0.03 -0.06
Working well in a team 0.38 0.31
Getting on well with others in the 0.30 0.37
workplace
Ability to interact with co-workers from 0.55 0.10
different or multi-cultural backgrounds
Demonstrating leadership skills 0.13 -0.05
Demonstrating ethical standards -0.04 0.11
Management skills 0.49 -0.27
Field-Specific Possess relevant field-specific 0.13 0.05
Knowledge and  theoretical knowledge
Skills Possess relevant field-specific technical 0.82 0.26
skills
Ability to apply professional knowledge 0.66 0.16
and skills to job tasks
Knowledge- Using modern technology effectively 0.26 0.14
Related Skills Possess broad general knowledge -0.16 -0.21
Research skills -0.41 0.16

Ability to develop innovative ideas 0.00 0.16
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The results show that graduates and employers’ perceptions differ. According to the
graduates, the biggest gaps can be observed with regards to the following skills: possess
relevant field-specific technical skills, ability to apply professional knowledge and skills to job
tasks, oral communication skill, management skills, ability to solve problems and ability to
interact with co-workers from different or multi-cultural backgrounds. Peculiarly, research
skills were found to have a relatively wide negative gap which indicates that satisfaction mean
was higher than importance one. The smallest gaps were found in written communication
skills, and demonstrating leadership skills, where importance mean was found to be slightly
higher than satisfaction mean; with regards to demonstrating ethical standards and possess
broad general knowledge, the identified gaps were also quite small but with satisfaction mean
higher than importance mean. Interestingly, importance and satisfaction means of ability to
develop innovative ideas perfectly coincided.

As for employers, the biggest gaps were found in the following skills: ability to solve
problems, capacity to work without close supervision, ability to work under pressure and
getting on well with others in the workplace. With regards to possess broad general
knowledge and management skills, the gaps appeared to be quite large and negative indicating
that satisfaction mean is greater than importance mean. The smallest gaps appeared in possess
field specific theoretical knowledge (importance mean higher than satisfaction); regarding
written communication skills and demonstrating leadership skills, the gaps were found to be
negative (satisfaction mean higher than importance). Figure 4 demonstrates gaps between
required and acquired individual skills perceived by graduates and employers in a graphic

way.
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Figure 4. Gaps between Required and Acquired Individual Skills Perceived by Graduates and
Employers
Field-specific knowledge and skills. In line with the survey’s results, majority of
university graduates interviewed for this study stressed that they are least satisfied with their
Field-Specific Knowledge and Skills, specifically field-specific practical skills and ability to

apply professional knowledge to job tasks. The causes most frequently mentioned by
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participants mainly deal with inconsistency in a program’s structure and content, neglect of
local market realities and lack of practical activities, such as laboratory projects, case-studies,
etc. Organizational matters and faculty’s professionalism have also been mentioned by
engineering graduates, though less frequently.

Inconsistencies in a program’s structure and content. With regard to a program’s
organization, several engineering participants noticed that some of the courses they studied
were poorly interconnected, so they had a feeling that there was no systematic approach
toward teaching and learning. As graduate participant 2 explained, “We could learn something
at one course and then learn the same thing at another one two years later or in parallel. There
was no system, no clear plan” (mechanical engineering graduate). Similarly, graduates
participant 5 stressed, “The program was unstable. Some new courses appeared, other got
removed. It seemed that they [the university] still tried to understand what program was
suitable” (electrical and electronic engineering graduate). Moreover, a few participants
mentioned that while being students they did not always understand why some courses were
included into the program and how the knowledge and skills acquired during those courses
could be applied at work in the future. As a result, they did not feel motivated and tended to
forget the information right after passing exams. As graduate participant 6 explained, “We
took courses, we passed exams, but we did not understand why we needed them. So there
were some courses which we passed we lots of struggles, but forgot everything very soon”
(chemical engineering graduate).

As for a program’s content, engineering graduates stressed that the program did not
teach them the skill they believe is fundamental for professionals in their field. Thus, graduate
participant 6, who studied chemical engineering, stated, “Creating process flow diagrams is a

base, fundamentals of any technologist. We spent five years at the university and did not learn
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it”. Graduate participant 2, mechanical engineering graduate, highlighted, “We did schematic
tasks from textbooks and lectures. Only schemes. But we were not taught how to read
industrial drawings. It is the most important skill of any engineer which we have not been
taught”.

Neglect of local market realities. Four participants, graduates of engineering majors,
stressed that the program does not take into account the realities of Kazakhstani industry.
Graduate participant 8 explained:

When we were studying, our program, in my opinion, was not made for Kazakhstani

realities. It seemed like it was created for Europe or America. ... But if you visit a

power station [in Kazakhstan], you will see that all [equipment] is Soviet. (Electrical
and electronic engineering graduate)

Graduate participant 2 pointed out that the program was ‘blindly copied with all
minuses” from western universities. Furthermore, two graduate participants commented on
standards which are used by professionals in civil and chemical engineering: while they were
taught European or American standards at the university, that knowledge turned out to be
inapplicable for companies operating in Kazakhstan. As participants explained, Kazakhstani
companies mainly use Soviet standards, thus graduates have to relearn and spend substantial
amount of time understanding how international and Soviet standards are related. Graduate
participant 6, noted, “In Kazakhstan everything is organized in accordance with ancient
GOSTs [Soviet state standardization system]. We have never worked with them” (chemical
engineering graduate). Graduate participant 4, talked about similar issue in civil engineering,
“We studied European standards, but in Kazakhstan in 90% of cases, local GOSTs or Russian
standards are used. ... And we do not understand them, so we have to relearn”.

Balancing theory and practice. With regards to balancing theory and practice,

graduate participant 3, who studied biological sciences, stressed the importance of laboratory
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projects. Although she was quite satisfied with how theoretical knowledge was combined with
practical activities, she mentioned that practice in laboratories was not incorporated into some
of her courses and consequently she did not learn those practical knowledge and skills which
are important in her current job, “I wish we had had biochemistry or immunology with
laboratory projects. | do not know the reasons why we did not have laboratory practice. Now
[at work] | need laboratory skills, not theory”. Lack of laboratory projects was also mentioned
by graduate participant 5.

Graduate participant 2, currently a mechanical engineer, commented on the lack of
knowledge about industrial equipment. Taking into account the limitations of universities, he
insisted on the importance of introducing students to the basics:

At work | was asked about roller conveyors. | heard about that for the first time in my

life, though it was not something difficult. So [universities need to] at least organize

student trips to plants, show them equipment, how it is used, etc. (Mechanical
engineering graduate)

Another aspect related to balancing theory and practice which was mentioned by
participants is internships. While all graduates participating in the interviews believe that
internships are beneficial for developing students’ skills, not all of them were satisfied with
their personal experiences. Three participants mentioned that they faced difficulties with
finding a company which they attributed to lack of assistance from the university’s side and
generally poor connections with industry. Graduate participant 5: “At the university, taking an
internship was a required component. ...However, this process was not organized well, it
[university] did not provide directions, there was very limited choice [of employers]”
(electrical and electronic engineering graduate). Graduate participants 2 and 6 also mentioned

that they experienced difficulties with finding a place for internship.



REQUIRED AND ACQUIRED SKILLS IN STEM 65

Faculty and organizational matters. Two participants, 1 and 2, mentioned that lack of
consistency in schools’ work, including faculty turnover and constant changes in curriculum,
created difficulties for students’ development. Deficiencies in subject knowledge were also
attributed to lack of experience of some faculty members and their attitude toward teaching.
Two participants, both engineers, stressed that the courses taught by professors who had little
teaching experience and did not seem to be interested in their subject and students’ progress
were infective in terms of gaining knowledge and skills. Graduate participant 6 explained:

| believe that our professors needed basic pedagogical education. The problem is that

even if a professor has excellent knowledge, as a professional, he or she is simply not

able to transfer it to students. ... Some professors teach in such boring way, so students
lose interest. (Chemical engineering graduate)

From employers’ perspective, graduates of the chosen university possess good
theoretical subject knowledge. However, when it comes to practical skills, they believe that
graduates lack basic knowledge of equipment and software. As employer participant 1
explained:

With regard to practical skills, I think that any graduate will never be fully ready. It
comes with years [of experience]. However, as engineers, basic understanding of equipment,
what a gear, beam look like is important. Due to the fact that they learn from textbooks but
never see it in real life, numerous problems appear. I think that this skill can be improved

through prolonging internships. (Human resources manager, construction and engineering
company)

Therefore, acknowledging the limitations of the university, all employers believe that
the number of internships students take throughout the Bachelor’s degree should be increased.
Furthermore, employer participant 2 mentioned that specifically for construction industry it is
important that engineering students work at a construction site, not only in offices, during
internships because “each engineer has to have a general idea of what it looks like not only on

drawings but in reality”.
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Methodological skills. With regard to ability to solve problems, lack of real-life
context and scenarios has been mentioned by two participants as a big disadvantage of some
courses. Engineering graduates believe that using cases of real companies would be more
effective than just learning a lot of theory without specific examples of how it can be
implemented. Graduate participant 4 noted, “Big disadvantage is that we studied simplified,
theoretical cases. ... I wish the program had been created in partnership with employers,
professionals in the field, so they would give real situations, real tasks, real cases” (Civil
engineering graduate). Similarly, graduate participant 2 stressed:

Project management course was just lots of theory without examples how it would be

implemented in practice, even though project manager is a popular profession

nowadays. Real cases provided by companies would be ideal, but I did not expect that.

However some examples from real business are essential. (Mechanical engineering
graduate).

With regard to ability to work under pressure, graduates believe that they possess well-
developed skills. Several participants mentioned that the fact that they experienced a lot of
stress while being students, e .g. before exams, played a positive role as nowadays they are
able to cope with stressful situations effectively.

However, employer participants, believe that graduates from the chosen university
seem to be quite reversed and psychologically not prepared for the life outside their campus. It
might explain large gaps between importance and satisfaction means with regards to capacity
to work without close supervision and ability to work under pressure. As employer participant
one explained:

| am quite worried about the fact that graduates are not prepared for real life. ... A

person gets used that the dormitory, campus, canteen — everything is nearby. And when

they have to leave their comfort zone, they do have to, it is difficult for them. (Human
resources manager, construction and engineering company)
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The same idea was mentioned by employer participant 2 who believes that graduates
do not understand the realities of Kazakhstani job market due to the fact that they rarely leave
campus and tend to forget about outside world:

They need to understand that they stay in Kazakhstan, and realities here are different.

Even if it is an international company, management style is still local, so management

approaches are different. They need to be ready for this and not to create illusions.
(Human resources manager, construction company)

Communication and cooperation. Graduates participating in the interviews were
found to be mainly satisfied with their generic skills, in particular Communication and
Cooperation. As they explained, the university provided them with all opportunities, in terms
of both academic and extracurricular activities, for developing generic skills. Graduate
participant 9 mentioned presentations frequently assigned by professors:

Actually, almost all courses had a component which is supposed to develop soft skills.

So for every course we had tasks with presentations. So because we had such

component with presenting, speaking, explaining and answering questions, I think it is
good and it helps me. (Civil engineering graduate)

As for extracurricular activities, graduate participants noted that participating in
different social clubs help them to deal with their work duties, especially when it comes to
organizing events or establishing contacts with different people. However, Participant 6 noted
that the program lacks such courses as ethics or philosophy where students can discuss
different topics and express their point of view. Due to his natural introversion, he was not
interested in extracurricular activities, for example debate clubs, and now experiences some
difficulties when communicating with managers.

It should be noted here that four participants discussed the language of instruction in
relation to communication skills. Unsurprisingly, participants 8 and 9, who currently work
abroad, believe that the fact that language of instruction at the university was English helps

them a lot nowadays. Graduate participant 9:
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| have a good level of technical English, so | easily understand what | am told even if it
is something technical, related to civil engineering. ... The fact that our program was taught
fully in English give me an opportunity to speak with any engineer, discuss technical things
without misunderstandings. (Civil engineering graduate)

However, graduate participant 6, who currently works as an engineer in Kazakhstan,
noted that sometimes it is challenging for him to articulate some ideas in Russian or Kazakh
languages, in particular during job interviews:

We want to say something but are not able to do it. We use English terms, employers

do not understand us. It looks like we show off using English, but in fact we simply do

not know how say it in Russian. (Chemical engineering graduate)

With regard to written communication skills, interview participants appeared to be
highly satisfied with how well their skills were developed after graduation. Graduate
participant 7:

There was a communication department, so we had courses. In my first year, | had a

course where we learnt some basic things: how to write emails, professional

correspondence, create resume, cover letter. It was one of the most useful courses.
(Computer science graduate)

Graduate participant 8:

At the university we wrote lab reports, papers. We were taught how to write anything,

e.g. introduction, background, conclusion and how to create a flow, so parts logically

follow each other from introduction to background, and so on. And these papers were

assessed very seriously, so we developed this skill how to write emails, technical
projects, so on. (Electrical and electronic engineering graduate)

The majority of graduate participants were found to be generally satisfied with their
working well in a team skill. They mainly commented on group projects that were frequently
assigned by their professors. Even though they as students did not always understand the
purpose of group projects and experienced a lot of difficulties when working with partners,

they believe that because of those projects now they feel confident when working in a team at

work. Graduate participant 7:
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We had to work together, build relationships. Sometimes schedules are different, so
you have to negotiate. I noticed that in my first year, it was very difficult, | tried to do
everything myself. But eventually got used and [accepted that] | needed to be able to do it.
You start seeing that two minds are better, so I think my teamwork skills are well-developed
because of the university. (Computer science graduate)

However, graduate participant 2 noticed that teamwork at the university is different
from what it is at workplace and nowadays he experiences difficulties. While students just
share responsibilities, they and also professors do no not think about how students interact
with each other, what roles they assign to each other, and so on. Thus, he believes that more
attention should be paid to the organization and assessment of group projects.

In line with the survey’s results, employers believe that graduates possess well-
developed Communication and Cooperation skills. As for communication skills, all employer
participants noticed that graduates are quite good at expressing their opinion, giving
presentations, and generally making good impression on people. However, as employer
participant 2 noted, graduates tend to use English words when speaking Russian or Kazakh
especially when it comes to specific terms, so sometimes it creates misunderstanding and
might irritate their colleagues. This situation might cause difficulties for communication
among team members and consequently put success of company’s projects under threat.

Knowledge-related skills. Similarly to the survey’s results, graduates participating in
the interviews expressed quite high satisfaction with their research skills after graduation. The
main factors which helped graduates to develop these skills are specific courses, laboratory
projects and opportunities to work with professors on research projects. Graduate participants
1 and 2, both engineering graduates, mentioned having opportunities of working with
professors on research projects. Thus, graduate participant 7 noted that they had a course
devoted to developing research skills: “We had a course where we studied the format of

research papers. We read a lot about research” (computer science graduate). However, she also
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stressed that for her former group mates and for her personally it would be better if the
program had more applied courses: “We did not have a course on algorithms, even though
tech companies expect to see these skills, practical skills” (graduate participant 7). Graduate
participant 2 also noted that there is imbalance between research and applied dimensions.
Thus, qualitative findings support the survey’s results which showed that with regard to
research skills satisfaction mean is higher than importance mean, in case of graduates’
perceptions.

Thus, this study shows that graduates and employers are mainly satisfied with how
well graduates’ skills are developed after graduation. However, some gaps between
importance and satisfaction were found. Thus, in both survey and interviews, graduates
indicated that Field-Specific Knowledge and Skills have to be improved. The main reasons are
failure to balance theory and practice and neglect of local market realities. As for employers,
they generally seem to be less critical toward graduates’ Specific Knowledge and Skills,
however they believe that graduates’ Methodological Skills could be developed better,
specifically with regard to working without close supervision, ability to solve problems and
ability to work under pressure. In interviews, it emerged that employers tend to believe that
graduates have unrealistic expectations toward workplace and generally the life outside
campus.

The Role of Universities, Employers and Students in Developing Students’ Skills

In relation to the third research question, participants were asked to evaluate the
importance of the role of different actors, namely student, university and employer, in
developing students’ skills using a 5-point Likert Scale where 1= not important, 2= of little
importance, 3= neutral, 4= important, 5= very important. Table 16 illustrates the views of

university graduates and employers participating in the online survey.
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Table 16

The Importance of the Role of Student, University and Employer in Developing Students’

Skills

Graduates Employers
Variable Mean SD Mean SD
Student 4.67 0.589 4.37 .831
University 421 0.761 4.47 513
Employer 4.06 0.867 4.11 .875

According to the graduates, students themselves play the most important role in
developing their skills, followed by university and employer. On the other hand, employers
ranked the role of university slightly higher than the role of students, but, similarly to
graduates, ranked the role of employer as the least important. It should be noted that no
differences were found when the data was analyzed by major, employment status, or gender -
in case of graduates - and ownership type, industry, or company size - in case of employers.

University role. None of graduates participating in the interviews expected that the
university would fully equip them for their future careers. While they did criticize the program
for some deficiencies in their knowledge and skills, they still believed that students themselves
are responsible for their learning progress. Two participants even noted that it would be
impossible for a Bachelor’s program to cover in detail all possible branches of a discipline. As
graduate participant 9 explained, “I realized that the university does not teach so I memorize
everything, but it teaches me to think as an engineer. It develops engineering thinking,
analytical thinking, so I can solve tasks and problem rather quickly”. In a broader perspective,
graduate participant 6 mentioned that higher education has affected his mindset:

Before the university, | thought differently. | had only subjective opinions and |

believed in them. I could not stand alternative views, | did not even think they existed.
The university taught to check any opinion from different angles. All pros and cons
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should be considered. This is what we call ‘evidence’. It changes mindset and a
person’s approach toward work. (Chemical engineering graduate)

Acknowledging the primary role of a student, graduates believe that the university’s
main responsibility is to provide students with positive environment and opportunities, both
academic and extracurricular, to develop personally and professionally. Thus, all participants
acknowledged the importance of availability of social clubs, research projects, and sports
activities for developing generic skills. As graduate participant 7, computer science graduate,
noted:

Communication and organizational skills helped me at work when | had to organize a

meeting for people from different countries. ... It was very similar to how we

organized tournaments at the university, and people from different cities came to
debate tournaments. It helped a lot. (Computer science graduate)

Furthermore, as a part of the university environment, peer-to-peer influence has been
mentioned by two participants to be a positive factor which assisted in developing and
improving their skills. Thus, graduate participant 6 mentioned that being surrounded by hard-
working group mates made him rethink his attitude toward learning process and motivation,
and consequently improve his learning skills, “I was always envious of those who could learn
from the morning till evening. | could not understand where they got motivation and strength.
But somehow 1 learned from them and developed this skill”. It is important to mention that the
university which has been chosen for this study has a very competitive selection process and
quite high performance requirements, so students studying there indeed seem to be very
motivated to demonstrate excellent results. As for extracurricular activities, graduate
participant 1 stated that because of the university’s dynamic, busy, atmosphere where every
student seemed to be constantly working on something, e.g. research projects or social events,
even those students who were naturally passive or introverted got infected by that culture and

peers’ examples, and also started to take part in different initiatives. Therefore, peer-to-peer
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relationship seems to be a part of positive university environment which encourages students
to learn new skills. In this case, the university plays an important role in selecting motivated
students, so they can learn and support each other in acquiring new knowledge and skills.
Another area mentioned by the participants, specifically female graduates, providing
students with psychological support. As graduate participant 7 explained:
I know a lot of people with stress, especially during exams. And it [psychological
counseling] is definitely support from the university. We always had it, but at some moments

we needed more of that. If we had had more opportunities, workshops, psychologists it would
have been in demand — such psychological support. (Computer science graduate)

Interestingly, two participants noticed that it is also important for universities to be
flexible and provide students with options, e. g. elective courses or choice of internship
provider, so they can make their own choice and influence the process. As participant 5,
electrical engineer, explained, universities should encourage and even teach students to be able
to make choices themselves and be conscious about all aspects of their education and in a
broader perspective their lives.

With regards to career management, graduates expected that the university would help
them to connect with job market and get better understanding of what employers in their
industry require from fresh graduates in terms of knowledge and skills. Students stressed the
importance of university-business partnership, including internships, job fairs, guest lectures
with industry professionals, etc. Thus assistance in finding a company for internship,
organizing meeting with companies representatives and career counseling were mentioned
frequently during interviews. Graduate participant 8 also mentioned networking as a valuable
asset universities provide students with. Meeting with employers at events organized by the

university and having a chance to communicate with professors on campus, in case of students
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who consider pursuing academic career, is of high importance for students and fresh
graduates.

Another aspect mentioned during interviews by one of the graduates was boost of self-
confidence once education is finished. Graduate participant 6 stressed that the fact of
belonging to of the best universities in the country influences graduates’ further career and life
decisions, the way they communicate with people and their self-esteem.

Employers interviewed for this study emphasized that they do not expect that
universities would teach students all skills, especially practical skills, required for performing
specific jobs. However, they do expect that universities would equip students with theoretical
subject knowledge and internships opportunities, “The main responsibility of a university is to
equip students with theoretical knowledge. With regard to practical skills, universities can
only provide students with an opportunity to take an internship and then everything depends
on a student” (employer participant 1).The role of universities in supporting graduates in
finding employment opportunities has been mentioned by several employer participants.
Employer participant 1 stressed the importance of good relationships between universities and
employers. Specifically, as a human resources manager she pointed out that some universities
do seem to be interested enough in employment opportunities for their graduates. When their
company offers vacancies suitable for fresh graduates, some universities do not respond in a
timely manner or decide to put off such matters and consequently might lose such
opportunities.

Student role. Graduates participating in the interviews emphasized personal
responsibility of students for acquiring new knowledge and developing skills. All interview
participants seem to believe that while university provides learning environment with

opportunities for personal and professional growth, students themselves have to take initiative
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and use these opportunities. Thus, motivation to learn and self-discipline have been frequently
mentioned by participants as students’ major input into their professional development at the
university. On the other hand, laziness, lack of discipline and failure to balance studies and
social life appeared to be the most frequently mentioned intrinsic factors which prevent
students from being successful in learning process, including skill development. Also, some
participants mentioned that they wished they had spent more time studying and thinking about
their career perspectives while being students.

Several participants described the process of pursing higher education as a chance to
get exposed to different ideas and experiences and eventually understand what each of them
wants to do with their career path and overall with their life. VVolunteering, extracurricular
activities and internships have been mentioned as useful practices in acquiring generic skills,
understanding personal preferences and ‘finding’ yourself. Therefore students believe that
they have to be active and open-minded in order to create a picture of what they like and what
they want to achieve. As graduate participant 1 explained, “You need to put yourself into
different situations, clubs. It is like a trial to see what you like. ... You have four years to find
yourself”’. However, two participants mentioned that they expected from the university some
guidance in related matters. However, graduate participant 2, a mechanical engineer, noted
that not only being provided with opportunities to learn and develop, but also being aware of
such opportunities and having clear understanding of how to use them also matters, though
sometimes neglected:

We have a lot of opportunities but these opportunities are not always realized because
the information about them is not conveyed to students in the right way. ... Everything

depends on a student. But it is impossible to understand what you need without professors,
program, and structure. (Mechanical engineering graduate)
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Similarly, graduate participant 6 pointed out that universities have to provide students
with a general picture of what professionals in their field do, so in case a student realizes it is
not suitable for him or her, they can change a major right after the first year when it is not too
late.

With regards to a student’s role, employers mainly commented on two aspects such as
development of generic skills and initiative during internships. Employers and graduates in
this study share a view that students themselves play the main role in developing generic
skills. While discussing generic skills, employers mainly referred to them as something
personal, and not necessarily acquired but in some cases naturally inherited (for example,
being introverted or extraverted). Therefore, they did not expect universities to teach students
generic skills and placed the responsibility of that solely on students. In case of internships,
employers described the role of a student as defining, meaning that success of internships
mainly depend on students’ initiative and interest. While universities offer a possibility of
doing internship in different organizations, employers stressed that the choice and the result
depend only on a student’s motivation. As employer participant 3 explained:

Students should take it [internship] seriously. It is a good chance to leave a comfort

zone and experience real life. They need to take on any tasks, projects, and so on. It

depends on them personally if they get something from it or not. (Human resources
manager, oil and gas)

Employer role. With regards to the role of an employer, both groups of participants,
namely employers and graduates, believe that employers should take on an active role in
developing students’ skills. During in-depth interviews they mainly commented on different
forms of university-industry partnership, such as internships and curriculum development,
mentorship of novice professionals who have recently graduated and the level of development

of the industry.
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Employers participating in the study believe that businesses can and should take part in
developing students’ skills. Employer participant 1 criticized those companies which perceive
themselves to be at the highest position on the job market and believe that universities and
students have to serve their needs:

If companies need job ready professionals, they have to interact [with universities] and

not wait everything from universities. Many companies wait for a ready ‘product’. But

if you do not invest yourself .. As you sow, so shall you reap. (Human resources
manager, construction and engineering company)

Employer participants noted that their companies are ready to teach fresh graduates
practical skills and support them during adaptation period. Employer participant 2, “We give
priority to young professionals and close eyes to the lack of some competencies ... We raise
them. We believe that it is easier to create rather than to retrain professionals™.

When discussing interaction between universities and employers, graduates perceived
it as mutually-beneficial partnership. According to the graduates, employers receive a lot of
benefits when helping students in their development, including promotion of employer brand,
a chance to select the best potential employees and quickly ‘adjust’ them for the company’s
needs and culture. Thus, several participants seemed to be quite frustrated when discussing
their personal experiences of interacting with employers, for example of being interns, as it
could be much more beneficial for both parties. University graduates stressed that they
expected employers not only to provide students with internships but also to support them
during the process. Some participants mentioned that while being interns they did not feel that
the company was interested in their development, so they were mainly assigned administrative
work and did not have a chance to learn much about field-specific aspects. As graduate
participant 5 explained:

| cannot talk about all companies, but some of them are not really interested in their
interns. Some take them [interns] in order to cover the responsibilities posed by the



REQUIRED AND ACQUIRED SKILLS IN STEM 78

society. It is like, see: we invest in young people. (Electrical and electronic engineering

graduate)

As for employers, all participants noted that their companies provide students with
internships and see it as an effective instrument of how businesses can contribute to
developing students’ skills. However, in relation to students’ criticism of lack of attention
toward them during internships, employer participant 1 mentioned that the duration of a
typical internship does not allow their company to assign students with more comprehensive
tasks. All three employer respondents believe that organizing longer internships might be a
solution. As for curriculum development, several participants noted that it would be highly
beneficial for both universities and employers if programs were created in partnership with
industry representatives. The former would have a competitive program and consequently
satisfied students, whereas the latter would have better prepared workforce in the future.

Overall, it can be seen that development of students’ skills is a complex process and all
actors, such as university, students and employers actively contribute to this process and their
roles are highly interconnected. Generally, graduates who participated in this study see the
role of university in providing students with opportunities for professional and personal
development. Importantly, they stress that students themselves have to be active and motivated
to use these opportunities, both academic and extracurricular, and therefore students play the
most important role in this process. Even though, graduates criticized university for some
deficiencies in their knowledge and skills, they still felt that student role was defining. On the
other hand, employers seem to place more importance on university. It might be explained by
the fact that organizations deal with hundreds or even thousands of university graduates every
year and therefore they might pay less attention to individual cases and more to the overall
level of graduates’ job readiness in the country. The role of employers is perceived to be less

important by both groups, though interview participants mentioned several aspects, such as
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internships, job fairs, etc. where employers play a substantial role. 1t should be also noted here
that employers who participated in the study seemed to be enthusiastic with regard to
partnering with universities and did not sound as passive ‘recipients’ but active participants of

the process.
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Chapter 5. Discussion

This chapter presents the interpretation of the findings in relation to previous studies
into STEM graduates’ skill sets and the role of universities, students and employers in
students’ development.

Similar to studies conducted in both developed and developing countries, the findings
of this study confirm the high importance of generic skills for STEM graduates. Employers
and graduates in this study placed great emphasis on the skills which are useful across
industries and jobs, such as problem-solving skills, ability to work in a team, communication
skills, etc. The findings can be explained by the situation on the labor market in the country. In
Kazakhstan, university graduates constantly face challenges with finding a job due to the
limited employment opportunities. Understanding this, graduates highly value generic skills,
which are easily transferable and applicable in different areas of business, allow employees to
try different positions, adjust quickly, and even to change a career if needed. So while
graduates still perceive field-specific knowledge and skills to be of substantial importance,
they ranked the importance of generic skills higher. As for employers, while they
acknowledge the limitations of universities in developing students’ field-specific skills and the
fact that graduates have very limited work experience, do not expect graduates to show
excellence in this area and are ready to teach them technical skills which are missing.
However, they do expect graduates to have at least broad understanding of their subject. Thus,
employers seek for graduates who have well-developed generic skills, are eager to learn and
possess good basic knowledge of their subject. Having said that, learning skills which were
not included into the survey but emerged during interviews, appeared to be one of the most
important skills perceived by both graduates and employers in line with the previous studies

(Coll & Zegwaard, 2006; Nair et al., 2009). Also, in line with previous studies (Nair et al.,
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2009; Peng et al., 2016), management skills were found to be perceived as one of the least
important skills by employers.

The findings also show that there is a room for improvement in STEM graduates’ skill
sets in Kazakhstan. Thus, similarly to Peng et al. (2016), graduates in this study are the least
satisfied with field-specific knowledge and skills, highlighting the importance of bridging the
gaps between higher education and employment prospects. The underlying reasons for this are
inconsistencies in a program’s structure and content, neglect of local market realities and
theory-practice imbalance. In particular, engineering graduates of this study pointed out that
their Bachelor’s programs mainly did not take into account the realities of local industries,
such as equipment and manufacturing standards inherited from Soviet period, and instead
focused on the western markets. The findings indicate that while universities in Kazakhstan
are adopting international approaches of education and put efforts into preparing globally
competitive graduates, there is a risk to move too far from local economic realities. Therefore
this study argues that for Kazakhstani higher education it is important to keep a well-balanced
mix of global and local and bring changes to higher education gradually and in accordance
with local economy. Furthermore, the results suggest that there is a need to include more
applied learning activities and tasks related to real-business issues and cases. While
participants of this study did not claim that the only role of pursuing higher education is
obtaining employment, they do believe that universities need to support graduates in transiting
from university to workplace as entering the labor market is next logical step. With regard to
generic skills, graduates appeared to be mainly satisfied with these skills, highlighting the role
of extracurricular and social activities in developing such skills. On the other hand, employers
in this study appeared to be mainly satisfied with graduates’ field-specific knowledge and,

contrary to Ramadi et al. (2016) , Peng et al. (2016), and Nair et al. (2009), with graduates’
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communication skills. However, employers see the biggest gaps in graduates’ ability to work
under pressure, capacity to work without close supervision, ability to solve problems and
getting on well with others in the workplace. Employer participants suggest that while
graduates spend substantial amount of time in academic environment, they tend to have
unrealistic and often romanticized expectations of how the world of work operates. Therefore
it takes graduates time to adjust to real life problems and new organizational culture. These
findings imply that there is a need to increase partnership between universities and industries,
so students have more opportunities to take internships, communicate with professionals, and
generally get exposed to work environment.

In relation to the role of universities, students and employers in developing students’
skills, the findings support the previous studies and suggest that students’ development is a
shared responsibility. Similarly to the study conducted by Tholen (2019), neither graduates nor
employers placed the whole responsibility on university even though gaps between acquired
and required skills were revealed. Participants of this study took into account universities’
limited resources, the students’ role in learning process and importance of partnerships with
employers. In this study both graduates and employers believe that in order to ensure
graduates’ success in the workplace, all stakeholders should actively contribute to the process.
However, while the study conducted by Tran (2015) revealed that employers, graduates and
students share the same view with regard to the responsibility of university for how well
students’ skills are developed, in this study graduates and employers’ perceptions of the
importance of the role of these actors differ. Thus, graduates ranked the role of students as the
most important one, followed by the role of university, whereas the employers placed more
importance on university than student. Furthermore, the role of employers is perceived as less

important than the role of university and students and mainly limited to internships and career
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events on campus. The findings are similar to the study conducted by Archer and Davison
(2008) and Sin and Amaral (2017) that show that the role of employer is usually very limited
and mainly deals with providing internships and argue that employers should play a bigger
role in developing students’ skills. Also, Alpay and Jones (2012) argue that there is a need to
rethink and expand the benefits employers gain from partnering with universities regarding
student education. Therefore this study argues that all stakeholders play an important role in
students’ development, and cooperation has to be increased through better employer

engagement.
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Chapter 6. Conclusion
This study explored employers and graduates’ perceptions regarding STEM graduates’
skill sets in Kazakhstan. The key research questions that guided the study are:

e What are the most important skills perceived by STEM graduates and those expected
by employers?

e To what extent are employers satisfied with skills possessed by graduates and how do
graduates themselves assess their skills attained at university?

e What are graduates and employers’ perceptions of the role of universities, students and
employers in developing students’ skills?

In this study, a convergent mixed methods design was employed. Data were collected
from recent STEM graduates and their employers at one university in Kazakhstan.

The findings suggest that both graduates and employers place high importance on
generic skills, in particular ability to solve problems, working well in a team, ability to work
under pressure, getting on well with others in the workplace, and ability to learn quickly. The
study also revealed gaps between graduates’ required and acquired skills. Thus, graduates
appeared to be mainly dissatisfied with their field-specific knowledge and skills, whereas
employers are mainly dissatisfied with graduates’ capacity to work without close supervision,
ability to work under pressure, ability to solve problems and getting on well with others in the
workplace. With regard to the third research question, the findings show that university,
student and employer are all active participants in the process of developing students’ skills.
Limitations

This study intended to contribute to the discussion about STEM graduates’ skill sets in

Kazakhstan. It should be noted that the study has several limitations. Firstly, graduate
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participants of this study come from one single university, so the findings cannot be
generalized to all STEM graduates in the country. Additionally, physics graduates did not take
part in this study as well as graduates of social science fields which also does not allow
generalizing the findings to the whole population of university graduates of the chosen
university. Secondly, while the contacts of the participants were obtained through the
university’s database, some were reached through snowball sampling which is a
nonprobability technique. Thirdly, the number of employers participating in this study is quite
small, and consequently the choice of statistical analysis tools was limited; the same is true for
participants of in-depth interviews.

Despite the limitations, this study provides valuable insights about STEM graduates’
skill sets in Kazakhstan and contributes to better understanding of the role of universities,
students and employers in students’ development. In order to minimize the limitations, several
measures have been implemented. Firstly, graduates who participated in the online survey and
in-depth interviews represent diverse majors, cohorts, genders, and occupations. Also,
employers who participated in the study represent various industries and have substantial
experience of working with recent university graduates. Thus, the study brings variety of
perceptions and experiences of both graduate and employer participants. Secondly, non-
parametric tests were employed when analyzing quantitative data so that unequal sizes of two
groups, namely employers and graduates, and non-normal distribution of data were taken into
account when making conclusions.

Research Implications, Recommendations and Future Research Directions
Based on the findings of the present study, several implications can be drawn for

university authorities, employers, recent graduates, and current students.
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Firstly, perceptions of employers and graduates regarding the required skill sets for
STEM novice professionals are quite well aligned and demonstrate the increasing importance
of generic skills in addition to field-specific knowledge and skills. Thus, universities need to
be aware of the existing requirements and pay attention not only to transferring theoretical
knowledge but also supporting students in developing skills. At the same time, students
themselves might need to consider pursuing university education as a chance to develop skills
which can be applied in the future.

Secondly, the study has revealed that there is a room for improvement in STEM
graduates’ skill sets. One of the main causes of the perceived deficiencies is significant
distance between academic environment and workplace realities. Therefore, it indicates that
more should be done to foster university-industry partnership. In this regard, universities
might expand the employer engagement through inviting industry professionals to participate
in curricula design and teaching. Furthermore, changes to curricula might be introduced so
that students are offered more applied courses and encouraged to work on real-world cases and
tasks.

Thirdly, students and recent graduates need to acknowledge that it is their
responsibility to be proactive about their personal and professional development and be eager
to constantly acquire new knowledge and skills. Furthermore, universities need to provide
various opportunities for students to develop their skills through both academic and
extracurricular activities and strengthen the relationships with industries. The role of
employers in developing students’ skills is perceived to be less important than other
stakeholders and might need to be extended. Participants of the study, both graduates and
employers, stated that the duration of internships need be extended in order to allow students

to get more work-related experience and interact closely with employers.
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Future research can compare experiences of graduates from several universities to
identify if there are differences in graduates’ perceptions across public and state universities.
Future study can also look at experiences of graduates across social science and STEM fields
and compare their perceptions with regard to the required and acquired skills.

Personal Reflection

| believe that working on the thesis helped me to improve my critical thinking,
analytical, negotiating and writing skills. I am happy that | was not afraid of conducting mixed
methods research, because I had a chance to apply all the knowledge | received at GSE. Being

a researcher is a journey, sometimes challenging, but always exciting.
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Appendices
Appendix A

INFORMED CONSENT FORM
(Online survey - graduates)

DESCRIPTION: You are invited to participate in research study entitled “Required and
Acquired Skills in STEM: Comparing Employers and Graduates' Perceptions in
Kazakhstan ”. This research project is being conducted by Yevgeniya Serkova, a student at
Graduate School of Education, Nazarbayev University. You will be asked to evaluate the
importance of skills for your career, assess how well your skills were developed after
graduation from the university, and indicate who is responsible for developing university
students’ skills.

TIME INVOLVEMENT: Your participation will take approximately 10 minutes to
complete.

RISKS AND BENEFITS: The risks associated with this research are minimal. One possible
risk of this study is discomfort that university graduates might feel while assessing their skills
after graduation. Participants might be unwilling to reveal their weaknesses and therefore,
overstate their skills. In order to minimize this risk, participants will be introduced to the
written consent form which indicates that the data obtained through this study will remain
confidential and anonymous. This study is hoped to shed new light on the issue of graduates’
skill sets and employability in Kazakhstan. It is expected to provide university authorities with
useful insights, so they are able to improve their academic programs.

PARTICIPANT’S RIGHTS: If you have read this form and have decided to participate in
this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. The alternative is not to participate. You have
the right to refuse to answer particular questions. The results of this research study may be
presented at scientific or professional meetings or published in scientific journals.

CONTACT INFORMATION:

Questions: If you have any guestions, concerns or complaints about this research, its
procedures, risks and benefits, contact the Master’s Thesis Supervisor for this student work,
Dilrabo Jonbekova at dilrabo.jonbekova@nu.edu.kz or the author of the study Yevgeniya
Serkova at yevgeniya.serkova@nu.edu.kz .

Independent Contact: If you are not satisfied with how this study is being conducted, or if
you have any concerns, complaints, or general questions about the research or your rights as a
participant, please contact the NUGSE Research Committee to at
gse_researchcommittee@nu.edu.kz

Please press Agree button if you agree to participate in this study.


mailto:dilrabo.jonbekova@nu.edu.kz
mailto:yevgeniya.serkova@nu.edu.kz
mailto:gse_researchcommittee@nu.edu.kz
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» | have carefully read the information provided;

» | have been given full information regarding the purpose and procedures of the study;

» | understand how the data collected will be used, and that any confidential information
will be seen only by the researchers and will not be revealed to anyone else;

» | understand that | am free to withdraw from the study at any time without giving a
reason;

»  With full knowledge of all foregoing, | agree, of my own free will, to participate in this
study.

You can print and sign a copy of this consent form to keep for yourself.

According to the law of the Republic of Kazakhstan an individual under the age of 18 is
considered a child. Any participant falling into that category should be given the
Parental Consent Form and have it signed by at least one of his/her parent(s) or
guardian(s).
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Appendix B

INFORMED CONSENT FORM
(Online survey — employers)

DESCRIPTION: You are invited to participate in research study entitled “Required and
Acquired Skills in STEM: Comparing Employers and Graduates' Perceptions in
Kazakhstan ”. This research project is being conducted by Yevgeniya Serkova, a student at
Graduate School of Education, Nazarbayev University. You will be asked about important
skills for STEM university graduates’ career, evaluate how well graduates’ skills are
developed after graduation, and indicate who 1s responsible for developing university students’
soft skills.

TIME INVOLVEMENT: Your participation will take approximately 10 minutes to
complete.

RISKS AND BENEFITS: The risks associated with this research are minimal. One possible
risk of this study is discomfort that employers might feel while assessing their employees’
skills. Participants might be unwilling to reveal the employees’ weaknesses and therefore,
overstate their skills. In order to minimize this risk, participants will be introduced to the
written consent form which indicates that the data obtained through this study will remain
confidential and anonymous. This study is hoped to shed new light on the issue of graduates’
skills sets and employability in Kazakhstan. It is expected to provide university authorities
with useful insights, so they are able to improve their academic programs.

PARTICIPANT’S RIGHTS: If you have read this form and have decided to participate in
this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. The alternative is not to participate. You have
the right to refuse to answer particular questions. The results of this research study may be
presented at scientific or professional meetings or published in scientific journals.

CONTACT INFORMATION:

Questions: If you have any guestions, concerns or complaints about this research, its
procedures, risks and benefits, contact the Master’s Thesis Supervisor for this student work,
Dilrabo Jonbekova at dilrabo.jonbekova@nu.edu.kz or the author of the study Yevgeniya
Serkova at yevgeniya.serkova@nu.edu.kz .

Independent Contact: If you are not satisfied with how this study is being conducted, or if
you have any concerns, complaints, or general questions about the research or your rights as a
participant, please contact the NUGSE Research Committee to at
gse_researchcommittee@nu.edu.kz

Please sign this consent from if you agree to participate in this study.

* | have carefully read the information provided;
» | have been given full information regarding the purpose and procedures of the study;


mailto:dilrabo.jonbekova@nu.edu.kz
mailto:yevgeniya.serkova@nu.edu.kz
mailto:gse_researchcommittee@nu.edu.kz
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» | understand how the data collected will be used, and that any confidential information
will be seen only by the researchers and will not be revealed to anyone else;
» | understand that | am free to withdraw from the study at any time without giving a

reason;
»  With full knowledge of all foregoing, | agree, of my own free will, to participate in this
study.
Signature: Date:

The extra copy of this signed and dated consent form is for you to keep.

According to the law of the Republic of Kazakhstan an individual under the age of 18 is
considered a child. Any participant falling into that category should be given the
Parental Consent Form and have it signed by at least one of his/her parent(s) or
guardian(s).
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Appendix C

INFORMED CONSENT FORM
(Interview — graduates)

DESCRIPTION: You are invited to participate in research study entitled “Required and
Acquired Skills in STEM: Comparing Employers and Graduates' Perceptions in
Kazakhstan ”. This research project is being conducted by Yevgeniya Serkova, a student at
Graduate School of Education, Nazarbayev University. You will be asked to evaluate the
importance of skills for your career, assess how well your skills were developed after
graduation from the university, and indicate who is responsible for developing university
students’ skills.

TIME INVOLVEMENT: Your participation will take approximately 30 minutes to
complete.

RISKS AND BENEFITS: The risks associated with this research are minimal. One possible
risk of this study is discomfort that university graduates might feel while assessing their skills
after graduation. Participants might be unwilling to reveal their weaknesses and therefore,
overstate their skills. In order to minimize this risk, participants will be introduced to the
written consent form which indicates that the data obtained through this study will remain
confidential and anonymous. This study is hoped to shed new light on the issue of graduates’
skill sets and employability in Kazakhstan. It is expected to provide university authorities with
useful insights, so they are able to improve their academic programs.

PARTICIPANT’S RIGHTS: If you have read this form and have decided to participate in
this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. The alternative is not to participate. You have
the right to refuse to answer particular questions. The results of this research study may be
presented at scientific or professional meetings or published in scientific journals.

CONTACT INFORMATION:

Questions: If you have any guestions, concerns or complaints about this research, its
procedures, risks and benefits, contact the Master’s Thesis Supervisor for this student work, [].

Independent Contact: If you are not satisfied with how this study is being conducted, or if
you have any concerns, complaints, or general questions about the research or your rights as a
participant, please contact the NUGSE Research Committee to at
gse_researchcommittee@nu.edu.kz

Please sign this consent from if you agree to participate in this study.

« | have carefully read the information provided;

« | have been given full information regarding the purpose and procedures of the study;

* | understand how the data collected will be used, and that any confidential information
will be seen only by the researchers and will not be revealed to anyone else;


mailto:gse_researchcommittee@nu.edu.kz
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» | understand that | am free to withdraw from the study at any time without giving a

reason;
« With full knowledge of all foregoing, | agree, of my own free will, to participate in this
study.
Signature: Date:

The extra copy of this signed and dated consent form is for you to keep.

According to the law of the Republic of Kazakhstan an individual under the age of 18 is
considered a child. Any participant falling into that category should be given the
Parental Consent Form and have it signed by at least one of his/her parent(s) or
guardian(s).



REQUIRED AND ACQUIRED SKILLS IN STEM 105

Appendix D

INFORMED CONSENT FORM
(Interview - employers)

DESCRIPTION: You are invited to participate in research study entitled “Required and
Acquired Skills in STEM: Comparing Employers and Graduates' Perceptions in
Kazakhstan ”. This research project is being conducted by Yevgeniya Serkova, a student at
Graduate School of Education, Nazarbayev University. You will be asked about important
skills for STEM university graduates’ career, evaluate how well graduates’ skills are

developed after graduation, and indicate who 1s responsible for developing university students’
soft skills.

TIME INVOLVEMENT: Your participation will take approximately 30 minutes to
complete.

RISKS AND BENEFITS: The risks associated with this research are minimal. One possible
risk of this study is discomfort that employers might feel while assessing their employees’
skills. Participants might be unwilling to reveal the employees’ weaknesses and therefore,
overstate their skills. In order to minimize this risk, participants will be introduced to the
written consent form which indicates that the data obtained through this study will remain
confidential and anonymous. This study is hoped to shed new light on the issue of graduates’
skills sets and employability in Kazakhstan. It is expected to provide university authorities
with useful insights, so they are able to improve their academic programs.

PARTICIPANT’S RIGHTS: If you have read this form and have decided to participate in
this project, please understand your participation is voluntary and you have the right to
withdraw your consent or discontinue participation at any time without penalty or loss of
benefits to which you are otherwise entitled. The alternative is not to participate. You have
the right to refuse to answer particular questions. The results of this research study may be
presented at scientific or professional meetings or published in scientific journals.

CONTACT INFORMATION:

Questions: If you have any guestions, concerns or complaints about this research, its
procedures, risks and benefits, contact the Master’s Thesis Supervisor for this student work,
Dilrabo Jonbekova at dilrabo.jonbekova@nu.edu.kz or the author of the study Yevgeniya
Serkova at yevgeniya.serkova@nu.edu.kz .

Independent Contact: If you are not satisfied with how this study is being conducted, or if
you have any concerns, complaints, or general questions about the research or your rights as a
participant, please contact the NUGSE Research Committee to at
gse_researchcommittee@nu.edu.kz

Please sign this consent from if you agree to participate in this study.

* | have carefully read the information provided;
» | have been given full information regarding the purpose and procedures of the study;


mailto:dilrabo.jonbekova@nu.edu.kz
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* | understand how the data collected will be used, and that any confidential information
will be seen only by the researchers and will not be revealed to anyone else;
» | understand that | am free to withdraw from the study at any time without giving a

reason;
»  With full knowledge of all foregoing, | agree, of my own free will, to participate in this
study.
Signature: Date:

The extra copy of this signed and dated consent form is for you to keep.

According to the law of the Republic of Kazakhstan an individual under the age of 18 is
considered a child. Any participant falling into that category should be given the
Parental Consent Form and have it signed by at least one of his/her parent(s) or
guardian(s).
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Appendix E

INTERVIEW PROTOCOL
(Graduates)

Hello. My name is Yevgeniya, | am a Masters student at Graduate School of Education. Nice
to meet you. Thank you for agreeing to participate in the study “Required and Acquired
Skills in STEM: Comparing Employers and Graduates' Perceptions in Kazakhstan”. The
purpose of this study is to explore graduates and employers’ perceptions about STEM
graduates’ skills in Kazakhstan.

Participation in this study is voluntary. You have the right to skip any particular question if
you are not willing to answer for any reason.

Please, read and sign a Consent form. Do you mind recording our interview?
Questions:

General:
e What year did you graduate from [] university? What was your major?
e Do you work now? Where?
e What are your key responsibilities?

RQ1:
e What are the most important skills for your career?
e Why these skills?

RQ2:

e In your opinion, how well were you prepared for a job after graduating from the
university? Why?

e Can you provide examples when you demonstrated excellent skills and when you
experienced difficulties due to the lack of some skills at your work?

RQ3:

e What is the role of universities in developing students’ skills? What is the role of
students? What is the role of employers?

e What can universities do for better developing students’ skills?

Is there anything else you would love to tell me? Thank you for your time!
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Appendix F

INTERVIEW PROTOCOL
(Employers)

Hello. My name is Yevgeniya, | am a Masters student at Graduate School of Education. Nice
to meet you. Thank you for agreeing to participate in the study “Required and Acquired
Skills in STEM: Comparing Employers and Graduates' Perceptions in Kazakhstan”. The
purpose of this study is to explore graduates and employers’ perceptions about STEM
graduates’ skills in Kazakhstan.

Participation in this study is voluntary. You have the right to skip any particular question if
you are not willing to answer for any reason.

Please, read and sign a Consent form. Do you mind recording our interview?
Questions:

General:
e What company do you work for? How long have you been working here?
e Tell me about key your responsibilities.
e What is your experience in working with recent graduates from [] university?

RQ1:
e What are the most important skills for STEM university graduates?
e Why these skills?

RQ2:

e In your opinion, how well are [] university graduates prepared for a job? Why?

e Can you provide examples when they demonstrated excellent skills and when they
experienced difficulties due to the lack of some skills?

e What can universities do for better developing students’ skills?

RQa3:
e What is the role of universities in developing students’ skills?
e What is the role of students?
e What is the role of employers?

Is there anything else you would love to tell me? Thank you for your time!
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Appendix G

SURVEY QUESTIONS
(Graduates)

QL. (Graduates)1. Based on your experience, how important are the following skills for STEM
university graduates to get employed?

im ’\cl)?:an t Of little Neutral  Important imvg:én t
p(l) importance (2) 3) @) p(5)

Possess relevant field-specific
theoretical knowledge (1)

Possess relevant field-specific
technical skills (2)

Ability to apply professional
knowledge and skills to job tasks (3)

Possess broad general knowledge (4)

Oral communication skills (5)

Written communication skills (6)

Using modern technology effectively

(7

Research skills (8)

Working well in a team (9)

Getting on well with others in the
workplace (10)

Ability to interact with co-workers
from different or multi-cultural
backgrounds (11)

Management skills (12)

Ability to solve problems (13)
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Ability to work under pressure (14)

Ability to develop innovative ideas
(15)

Capacity to work without close
supervision (16)

Demonstrating leadership skills (17)

Demonstrating ethical standards (18)

110

Q2. In your opinion, how well were your skills developed after graduating from [] University

with a Bachelor's degree?

Possess relevant field-specific theoretical
knowledge (1)

Possess relevant field-specific technical skills

)
Ability to apply professional knowledge and
skills to job tasks (3)

Possess broad general knowledge (4)

Oral communication skills (5)

Written communication skills (6)

Using modern technology effectively (7)

Research skills (8)

Working well in a team (9)

Getting on well with others in the workplace
(10)

Ability to interact with co-workers from
different or multi-cultural backgrounds (11)

Very poor (1)

Poor

2

Average

®)

Good
4

Excellent

®)
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Management skills (12)

Ability to solve problems (13)

Ability to work under pressure (14)

Ability to develop innovative ideas (15)

Capacity to work without close supervision
(16)

Demonstrating leadership skills (17)

Demonstrating ethical standards (18)

Q3. In your opinion, how important is the role of the following actors in developing students’
skills?
Not important (1) Of little importance (2) Neutral (3) Important (4) Very important (5)

Student (1)

University (2)

Employer (3)

Q4. Please, indicate your gender

Male
Female

Q5. What year did you graduate from [] University with a Bachelor's degree?

2016
2017
2018
Other
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Q6. What was your major?
Biological Sciences
Chemical Engineering
Chemistry
Civil Engineering
Computer Science
Electrical and Electronic Engineering
Mathematics
Mechanical Engineering
Physics
Robotics and Mechatronics
Other

Q7. What is your current employment status?
Full-time employed
Part-time employed
Self-employed
Not employed; looking for a job
Not employed; not looking for a job
Pursuing further education

Q8. What industry do you work in?
Agriculture
Consulting
Construction
Education & Science
Energy
Finance
Government and Public Administration
Information Technologies
Healthcare
Manufacturing & Production
Mining & Oil and Gas
Telecommunications
Transportation
Other

Q0. If you would like to take part in follow-up interviews, please, provide your email:
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Appendix H

Survey questions
(Employers)

Q1. Based on your experience, how important are the following skills for STEM university
graduates to get employed by your company?

im ’\cl)?ian t Of little Neutral Important imvgrrén t
p( ) importance (2) (3) (4) p(5)

Possess relevant field-specific
theoretical knowledge (1)

Possess relevant field-specific
technical skills (2)

Ability to apply professional
knowledge and skills to job tasks (3)

Possess broad general knowledge (4)

Oral communication skills (5)

Written communication skills (6)

Using modern technology effectively

(7

Research skills (8)

Working well in a team (9)

Getting on well with others in the
workplace (10)

Ability to interact with co-workers
from different or multi-cultural
backgrounds (11)

Management skills (12)

Ability to solve problems (13)
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Ability to work under pressure (14)

Ability to develop innovative ideas
(15)

Capacity to work without close

supervision (16)

Demonstrating leadership skills (17)

Demonstrating ethical standards (18)

Q2 To what extent are you satisfied with [] University STEM graduates’ skills?

Very T e Very
dissatisfied Dissatisfied Neutral Satisfied satisfied
(1) 2 (3) (4) ®)

Possess relevant field-specific
theoretical knowledge (1)

Possess relevant field-specific technical
skills (2)

Ability to apply professional knowledge
and skills to job tasks (3)

Possess broad general knowledge (4)

Oral communication skills (5)

Written communication skills (6)

Using modern technology effectively (7)

Research skills (8)

Working well in a team (9)

Getting on well with others in the
workplace (10)
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Ability to interact with co-workers from
different or multi-cultural backgrounds
(11)

Management skills (12)

Ability to solve problems (13)

Ability to work under pressure (14)

Ability to develop innovative ideas (15)

Capacity to work without close
supervision (16)

Demonstrating leadership skills (17)

Demonstrating ethical standards (18)
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Q3 In your opinion, how important is the role of the following actors in developing students’

skills?
Not important (1) Of little importance (2)

Student (1)
University (2)

Employer (3)

Q4 What industry does your company work in?
Agriculture
Consulting
Construction
Education & Science
Energy
Finance
Government and Public Administration
Information Technologies
Healthcare
Manufacturing & Production

Important (4) Very important (5)
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Mining & Oil and Gas
Telecommunications
Transportation

Other

Q5 What is the size of your company?
Fewer than 100
100-499
500-999
1000 and more

Q11 Please, indicate the ownership of your company:
Public
Private
Other

Q8 If you would like to take part in follow-up interviews, please, provide your email:
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Appendix |

INTERVIEW TRANSCRIPT EXAMPLE
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Transcript

Codes

pa3BuTHE OU3HECA C KIFOY KJIMEHTAMH M0 [], BU3UTHI HA 3aBO/IbI
KJIMEHTOB, aKTUBBI, 0OHApyXEHHE MPOoOIIeM, YeM TOMOYb, KaKue
peleHus MPeIIoKUTh, BHEIPEHUE CUCTEM YTOOBI K MPOCT OM3HEC MPOII,
ABTOMATH3HD ,... [IOJIHOCTHIO BeZICHNE OM3Heca ¢ KIMEHTaMH KOTOPBIX
MBI cunTaeM KirodeBbiMU .. [1o mkane 1-10 Ha 4. Te npupoa Moei
HBIHEIIHEH paOOTHI.. HAIPUMED CBsI3aHA C HHYKEHEP.. HO JIOTYCTUM 5
OYeHb IJIOXO 3HAI0 000PYIOBAaHHUE XOTS 51 HHXK MEXaHUK... Y Hac B
YHHUBEpE B HHXKCHEPHH HET CIEIHATN3AIIH KaK JOMYCTHM B 0OBIY
BYy3aX.. B K3 WJIH POCCCUUM... T€ TO YEMY TOTOBST B OOBIYHBIX By3aX 3TO
HaboJIee CIeNUaIU3UpP YeM TO YTO JAOT B ... MBI JIOJDKHBI BBIXOTUThH
YHUBEPC.. HO MBI BBIXOJJIM HO MOKHO CKa3aTh 3HAEM OYEHb OYCHb ... HE
TO YTOOBI MaJ0.. HEJOCTATOYHO... 0Y€Hb HEJIOCTATOYHO.. 51 CIUTAO..
ATOMY KOHEUYHO MOXHO HAayYUThCS. HO 3TO Oa3a 3HaHUs 00
000pYJIOBaHUY.. KaK BBITJISIIUT .. KaK Pa00TaET.... KyJIbTypa MPaKTHKH
MTPOU3BO/I.. HUKAK HE Halla)kKeHa... yHUBeEp 3To aaeT. Ha 8 u3 10. y Hac He
TaK MHOTO BHUMAHHUS yJeNAeTCS NMEHHO B Y9eOHOM IPOIecce TaKHM
JIMJIEPIINTT CKHUJIC... MM HO 3TO MPO( CalleC CKUIIC... HO HABBIKH
KOMMYHUKAIIMH. TTPE3CHTAIMHA TOT )K€ aHTITMICKUN B YHUBEPE 51 OLICHIIT
Ha 8 u3 10...He XBaTWIJIO JUAEP.. OHU PA3BUBAIOTCS €CIIM Thl XOYEIIIb
caM.. Kakue To Jie0aTHbIe KITyObl, TOCT MacTephl.. 3TO IKCTpa Kyp
aKTHBUTHC... HO HE B YUeOHOH IIporpaMme

Equipment

Field-specific skills

Internships

Communication
skills

Extracurricular
activities

yuusics ¥ paboTai TaM.. BCE TOBOPIO HA U MHXKEHEPHOM (haKyIbTeTe... 5
3aMeyvall 3TO U 3a JPYTUMHU... BO MIEPBBIX MPOrpaMMa He COrjIacoBaHa..
TO YTO MBI IPOXOAUM Ha 1 mp.. MbI MOXeEM uepe3 2 roja MOBTOPUTH Ha
Ip.. IPOXOJUTh MAPAIJIEIBHO Ha .. IPOTP HE IMOCTABIICHBI.. HET
CUCTEMBI.. HET YeTKOIO IJIaHa.. KaK OyATO Ha TSI JIAI.. IOTOM MPAKTUKH
UX CTYJIEHTHI HE JOJKHBI HCKaTh CAMU.. T€ €CJIH XOTST B OTPEICIICHHYIO
KOMIIa TO Ja.. HO HY JOJIKEH MPEA0CTaBIATh OOJIbIIIE BO3MOKHOCTEH. .
HAJI&KUBATh CBSA3M 3aBOJIAMU KOMITAHUSMU.. TJ€ CTYIEHTHI MOT'YT
IPONTH MPAKTUKY HE TO YTO MPUIIEN TOCMOTPEN .. OYMakKKu
MNEPEHOCHIL.. a MPUIIEI TO3HAKOMMIICS C 000PYIOBAHUEM.. C/IeTall
pacyeThbl.. Te YK€ JAUIIIOM MPOEKTHI.. TE3UC Ha MacTepc... 1 Obl XOTel
9TOOBI 3TO OBl HE YTO-TO BHYTPH YHUBEpPA. & UMEHHO KaK 10 MOJIENIU B
repManuu, Pocuuu.. muiens JUIIOMKY Thl Oepellb KOHKPETHOE
o0opynoBaHuUe .. IPEACTABISEIIb PEIICHUS [0 YIYUIIEHHUIO.. YTO-TO
TaKoe..

Program
inconsistencies

Internships
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Transcript

Codes

HAJIQXKUBATh CBSA3U C KOMIAHHUSIMU KOTOPBIE ... HE 00s3aTEILHO
IIEPEI0OBbIE HO KOTOPBIE /1at0 TAKON HEOOXOAMMBIH OIIBIT .. TIPO CTEM
TFOBOPHM... TO Y HAC OYEHb MaJIO TAKUX KOJU1a0opaluii MHIycTpUen ¢
[IPEICTABUTEIIIMU MH/YCTPUH.. OUYCHb peced 0a3el.. s Obl cKas3al 3TO
(boKyc 0YeHb 0THOOOKHIA.. sl HE IIPOTUB PECY.. HO Sl TPOTHB TOJIHKO
peced... 3TO BCE 3aBUCUT.. 51 CaM 3aHMMAJICS UCCIIEA0BATEIIbCKOM
JEATENbHOCTBIO... HA CKOJIBKO IIOMOIJIA... HE CKa3aja Obl 4TO IOMOIJIa
UMEHHO ceiyac B paboTe.. €Ciu s IPOJOJIKY... [IOMOIJIa KOI/ia 5
MOCTYIAJ HAa MacTep MYJ.. OISTh XKe 3aBUCUT OT HHTEPECOB.. €CIIH
peced.. TO BaXHO.. HO KOTJia sl paboTai Ta s 3Bajl CTY/IEHTOB paboTaTh
HaJ| pecey ecJii NHTEPECHO HYKHO... HO S CYUTAIO YTO 3THU HABBIKU
I0JIE3HBI UMEHHO €CJIN Thl OCT B aKaJIeMUU

Partnership
between university
and industry

Research skills

HY)KHO YMETh PaclpeiessaTh POJIU B KOMaHJIE.. Y MEHS C 9TUM ceilvac
MPOOJIEMEL.. ST HE BCETJ]a TOHUMAIO POJIb €CIIM MHE €€ HE Pa3bsICHIT.. T€
HY)KHO YMETh MPaBUIILHO CTaBUTH 33JIa4H.. PACIIPEICIUTh PECYPCHI..
OTISITh YK€ TIPETEH3UH K yued mporpamme.. IIPeIMET PO KEKT
MEHEDKMEHT.. 3TO OblJIa Ky4a TEOpUHU 0€3 HATJISITHBIX PUMEPOB KaK
9TO TPUMEHSETCS Ha TIPAKTUKE.. XOTS KOKETCs MPOHKEKT MEHEDKEP ITO
camas MomyJsipHasi ceiigac mpoQeccus... MOXKHO Ja KEHCHI.. TPOCKTHL..
peas KeHChl C KOMIIaHUHM ATO WJeal.. s HE *KJaJl Ha Kypce.. HO KaKhue-To
HaBBIKH T€ MPUMEPHI U3 Peall ’KU3HU HEOOXOAUMBI.. XOTsI ObI TIPOCTO
TeCT CIUKEp HE MPOCTO Mpodeccop KOT YNTACT JICKITUH. .

Teamwork

Real cases to study

7ia B JIIOOOM cliydae BCE 3aBUCHUT OT CTY/EHTA.. BCE UTO TeOe HYyKHO
€CJIM ThI 3HACIIb YTO TeOe HY)KHO.. HO Y3HATh UTO TeOe HY)KHO HEJb35
6e3 npodeccopa NporpaMmbl CTPYKTYPbl CHCTEMHOM.. U BOT..

Student role




REQUIRED AND ACQUIRED SKILLS IN STEM 119

Appendix J
CODES AND THEMES

Subject specific skills
Subject specific skills required
Subject specific skills acquired

Generic skills

Generic skills required (general)
Generic skills acquired (general)
Leadership skills
Communication skills
Presentation skills

Teamwork

Learning skills

Quick adaptation

Problem solving

Management skills

Research skills

Factors which influence development of students’ skills
Program itself (organization, content)

Role of faculty

Peer-to-peer influence

Organizational culture

Bureaucracy

Equipment at university

Laboratory projects

International, not Kazakhstani standards

Terminology in English language

Internships

Real cases to study

Lack of understanding why some subjects are taught
Impact of secondary education

Lack of understanding what professionals in their fields do
Presentations as assignments

Freedom to choose subjects

University’s role in developing students’ skills
Creating environment

Creating awareness of opportunities

Partnership between university and industry

Students’ role in developing students’ skills
Inner motivation to learn
Participation in research projects
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Participation in extracurricular activities

Employers’ role in developing students’ skills
Partnership between university and industry
Finding potential employees

Mentorship

Internships
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