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ABOUT THE JOURNAL
sl Jss, X FHATF, A propos du journal, O XKXYPHAJIE, Sobre la Revista

The Global Comparative Education is an open-access, peer-reviewed journal that aims to
contribute to the comparative education literature by creating spaces to present critical analyses
of the differences and commonalities within education worldwide (formal, informal, and non-
formal), with an explicit focus on increasing and widening social justice globally, keeping in
mind that for instance UNESCO to which WCCES is affiliated declared education a human
right more than half a century ago. The Journal welcomes article submissions in the six UN
languages: Arabic, Chinese, English, French, Russian, and Spanish.

The Journal seeks articles that are diverse in numerous aspects and perspectives including, but
not limited to: theories, methodologies and methods, pedagogical practices/tools/resources,
policies, and scope/nature of comparison (e.g., geographically, culturally, linguistically,
economically, historically, and population (gender identity, race, ethnicity, sexual orientation))
and any other grounds of differentiation as they relate to educational processes, especially with
comparative perspectives. Special focus will be given to providing space for historically
under-represented areas of comparative education and transfers of knowledge (e.g., Global
South to Global North). Global Comparative Education is the official journal of the World
Council of Comparative Education Societies (WCCES).
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BFERBASNE AR,

A PROPOS DE LA REVUE

Education Comparée Mondiale est une revue accessible et évaluée par les pairs ayant pour but
de contribuer a la littérature relative a I'éducation comparée en offrant des espaces pour
présenter des analyses critiques des différences et des similitudes au sein de I'éducation
(formelle, informelle et non formelle) dans le monde entier, en mettant un accent explicite sur
le renforcement et I'élargissement de la justice sociale a I'échelle mondiale, tout en mettant
I'accent sur le renforcement et I'élargissement de la justice sociale a I'échelle mondiale, et en
gardant a l'esprit que, par exemple, 'TUNESCO a laquelle WCCES est affili¢, a déclaré
I'éducation comme un droit de I'nomme il y a plus d'un demi-siécle. La Revue accepte des
articles presentés dans les six langues de I'ONU: l'arabe, le chinois, l'anglais, le francais, le
russe et I'espagnol.

La Revue recherche des articles variés dans de nombreux aspects et domaines, y compris, mais
sans se limiter aux: théories, méthodologies et méthodes, pratiques / outils / ressources
pédagogiques, politiques et la portée / la nature de la comparaison (par exemple, sur le plan
géographique, culturel, linguistique, économique, historique, et démographique (identité de
genre, race, origine ethnique, orientation sexuelle)) et tous autres sources/
problématiques/questions de différenciation en ce qui concerne les processus éducatifs, en
particulier avec des perspectives comparatives. Une attention particuliére est accordée aux
régions historiquement sous-représentées en éducation comparée et aux transferts de
connaissances (par exemple les pays du Sud et du Nord). Education Comparée Mondiale est la
revue officielle du Conseil Mondial des Associations d'Education Comparée (CMEAC-
WCCES).

O ’KYPHAJIE

Bcemupnoe CpaBHutenpbHoe OOpa3oBaHHE - ATO PEICH3UPYEMBI XypHal B CBOOOJTHOM
JOCTyTIe, TENbI0 KOTOPOTO SIBIISIETCS BKIAJ B JIMTEPATypy IO TEME CPaBHUTEIHLHOTO
o0Opa3oBaHusl, MyTEM IPEAOCTaBICHUS KPUTUUECKUX aHAIM30B 00 OOIIUX M OTIMYUTEIBHBIX
yepTax B oOOpa3oBaHMM B MHpPOBOM Macmtabe (B ¢Qopmarax o00sA3aTENbHOTO U
JOTIOJTHUTEIHFHOTO 00pa30BaHMsl, a TaK K€ BUJIOB 00pa30BaHMs BHE OMPEIETICHHOTO 00pasiia),
C aKIICHTOM Ha pPaCHIUPEHUE U YBEIMYCHHUE COITMAIBHOM CIPaBEUIMBOCTH B TJIOOAILHOM
Macmtabe, uMess B BuIy, uto, Hampumep, KOHECKO, k xotopoit ornocutcs WCCES,
o0BsiBUIIAa 00pa30BaHME MPABOM UeEIOBEeKa Ooyiee MoyryBeka Haszal. JKypHala NMpHUBETCTBYET
nyonukanuu crareid Ha mectd s3bikax OOH: apabckom, KHTaCKOM, aHTJIMMCKOM,
(b paHIy3cKOM, pyCCKOM U MCIIAHCKOM.

XKypHan umier craTtbu, KOTOPBIE pa3HOOOPA3HBI IO MHOTHM aCIIeKTaM U B3TJIsaM, BKITIOYas,
HO HE OrpaHWYMBasCh CICAYIOIMIMMU TEMaMH: TEOPUU, METOJOJIOTUM U METObI,
MeJarornyeckue METOIUKN, MHCTPYMEHTBI U PEeCypChl; 3aKOHOMPOEKTHI; pa3uYHbIe 00JIaCTH
u chepsl AN CpaBHEHUTEIBHBIX AHATU30B (HampuMmep, reorpaduyeckoii-, KyJIbTypHOM-,
JINHTBUCTUYECKOM-, IKOHOMUYECKOM-, UICTOPUYECKON HAMPaBIECHHOCTH, a TaK K€ BOMPOCHI
HapOJIOHACEJICHUs, TaKU€ KaK TEHJEPHbIE W  PACCOBBIE  pA3IMYUsl, ASTHUYECKAs
MPUHAJICKHOCTh, CEKCyalbHasl OpPUEHTAIWs), a TakKke JIoOble JIpyrue OCHOBaHUS
muddepeHnnalny, CBA3aHHbIE C  00pa30BaTeNbHBIMU  MPOLECCAMU, OCOOEHHO CO
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CpaBHHTENbHBIMU TiepcriekTuBamMu. (Ocoboe BHUMaHue OyneT YAENATbCS —001acTsIM,
HMCTOPUYECKH HEIOMPEJICTABICHHBIM B CPAaBHUTEILHOM 00pa30BaHUU M BOMpPOCaM Tepeaadun
3HaHu# (Harpumep, ¢ FOra Ha CeBep B 17100a15HOM IOHUMaHUM ). Becemuprnoe CpasrumenvHoe
Obpa3zosanue saersemcsa opunmanbHeIM KypHajioM BcemupHoro Coera OOmecTB
Cpasuutensaoro O6pazosanus (WCCES).

SOBRE LA REVISTA

Educacion Comparada Global es una revista de acceso abierto, de revision por pares cuyo
objetivo es contribuir a la literatura de la educacion comparada mediante la creacion de
espacios para presentar analisis criticos de las diferencias y de los aspectos comunes dentro de
la educacion en todo el mundo (formal, informal, y no formal), con un enfoque explicito en
incrementar y extender la justicia social globalmente, teniendo en consideracion por ejemplo
que para UNESCO, de quién el WCCES is afiliado, ha declarado a la educacién como un bien
social hace mas de medio siglo. La revista da la bienvenida a la presentacion de articulos en
los seis idiomas de la ONU: Arabe, Chino, Inglés, Francés, Ruso y Espafiol.

La revista busca articulos que sean diversos en numerosos aspectos y perspectivas, incluyendo
pero no limitandose: teorias, metodologias y métodos, practicas/herramientas/recursos
pedagdgicos, politicas, y el alcance/la naturaleza de la comparacion (p.ej., geografica, cultural,
linguistica, econdmica, historica y de poblacion (identidad de género, raza, origen étnico,
orientacion sexual)) y cualquier otro campo de diferenciacion en relacion a los campos
educativos, especialmente con perspectiva comparada. Se prestara especial atencion en proveer
espacio para aquellas areas histéricamente sub representadas en educacién comparada y en la
transferencia de conocimientos (p. Ej., Sur Global hacia Norte Global). Educacion Comparada
Global es la Revista Oficial del Consejo Mundial de Sociedades de Educacién Comparada
(WCCES).



Global Comparative Education: Journal of the WCCES Volume 7, Number 2, Sept. 2023

Journal Cover Design by: Greg William Misiaszek
Hasssia oy 2 b (4 DI praa

HHIR  BEE - KEER

Couvert par Greg William Misiaszek

Juzaitn o6noxku ['pera Yunbsma Muzaiinieka

Disefio de tapa por: Greg William Misiaszek



Global Comparative Education: Journal of the WCCES Volume 7, Number 2, Sept. 2023



Global Comparative Education: Journal of the WCCES Volume 7, Number 2, Sept. 2023

TABLE OF CONTENTS

b sinal 4aili: FH 52 Table des Matiéres :: Cooepocanue . Tabla de Contenidos

N’Dri T. Assie-Lumumba
Preface from the EditOr. . ....oooori e, 1

D.M.S.C.P.K. Dehideniya and T.M.S.S.K. Yatigammana Ekanayake
Approaching Sustainability Competency Development through Online STEM-Based Science

Teaching-Learning... ... ... .co oot ies et e e et e e et e e et e e een et eee eae e e eeaeeeneeneannen )
Kuixi Du
The Urgency of Quantitative Literacy in K-12 Education in Post Pandemic Era............... 22

William Maner
Improving Secondary Education through High-Quality Teacher Training....................... 42

Troy Meston, Eun-Ji Amy Kim, Gaala Watson and Chesley Cutler
Culturally Attuned Digital Learning: Scoping Future Indigenous Learning Pathways ....... 57

Gabrielle Thibeault-Orsi
Contextualizing the Science, Technology, Engineering and Mathematics Gender Gap in
European and sub-Saharan African UNIVErsities. ... ......cooovvviiiiiiiii e 87

PROFILE OF A COMPARATIVE EDUCATION SCHOLAR

Yunus Omar
Profile of a Comparative and International Education Leader: Crain Arthur
N3 {77 Y B %4

BOOK REVIEWS

Gauri P. Hardikar

Contestations of Citizenship, Education and Democracy in an Era of Global Change:
Children and Youth in Diverse International Contexts: Edited by Patricia K. Kubow, Nicole
Webster, Krystal Strong and Daniel Miranda...............cc oo oo v e e e e e e 1 27

Seema Singh
Economics of Engineering Education in India: Growing Challenges of Expansion, Excellence
and Equity: Authored by Jandhyala B. G. TilaK............ccccoooii i e 131



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

Preface from the Editor

As Editor of Global Comparative Education: Journal of the WCCES, | am delighted to present
this issue based on papers presented at the 5th WCCES Symposium, which was hosted by
Cornell University (USA) and held virtually through Zoom due to the COVID-19 Pandemic. It
was held from November 16-18, 2022 on the theme The Future is Here: Transforming with
Urgency Education Systems for Equitable Rights to Quality Learning.

The COVID-19 pandemic has been unrelenting for more than 3 years now, causing severe
hardships to people and losses across the globe. The education systems have been disrupted
continually with several schools scrambling to adapt to the online mode of learning or returning
to some sort of pre-COVID normalcy. The results of short-term approaches to learning have not
been productive in most instances. Neither the teachers nor the school administrators had any
prior experience with mainstream online teaching and learning. Nor were the students prepared,
equipped and ready to switch to a non-traditional brick-and-mortar mode of learning. Therefore,
with limited or even no professional support, most of the teaching and administrative staff did
what appeared to be the most appropriate choice — continue with the same curriculum,
assessments, and teaching methods by using Zoom-type synchronous delivery tools. Yet, this is
not a domain that lends itself to improvisation with positive outcome. Thus, while prima-facie it
may appear to be an easy adaptation for teachers as well as learners, who can comfortably log
into their systems, assuming they exist and function, from their home and continue the teaching-
learning process that has existed for centuries. The general perception was to ‘manage’ the
period of the pandemic, which was expected to last for a few weeks, or a few months at worst.
However, to the chagrin of the academic community and other stakeholders of education
systems, this pandemic has lasted unabated for more than three years and has shown little signs
of fast and total elimination globally. Despite major breakthroughs, vaccines have not been
providing consistent coverage especially against the new variants of the virus, which has been
able to mutate due in part to the uncoordinated and incomprehensive approach to vaccination
worldwide.

The problems in the hastily devised online teaching and learning mode started manifesting in
many forms. One of them is about the accessibility of hardware and software required to
conduct such teaching-learning sessions. Live streaming of lectures requires sturdy hardware,
high-bandwidth Internet, and generally expensive software. This is beyond the reach of a large
majority of the world population.

Teachers, who hitherto enjoyed the privacy of physical classrooms, without any interference
from parents of students, were left ‘exposed’ to increased scrutiny of their teaching in the online
mode. The vehement claims about ‘personalized’ attention to each student in the class by the
teachers fell flat in most instances. Many parents with literacy capacity, working from home,
intently listened to/ watched the online teaching sessions of their wards, only to realize that
several teachers were not at par with their expectations. Some of the parents reported
assumed/perceived or actual issues to the school management, which in turn put more pressure
on the already stressed-out teachers.

Furthermore, the intermittent reopening of the schools for physical attendance, with constantly
changing guidance on vaccination requirements, mask mandates, and quarantine rules for
infected teachers and students further exacerbated the situation. While still based on anecdotal
accounts, there are news reports from several parts of the world that the teachers have started to
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switch to other professions and are leaving the teaching profession in droves?!. The pandemic
has exacerbated the already stressful teaching conditions with minimal pay packages for
teachers, especially in the developing countries.

The age-old invigilated assessment systems that worked in physical classroom settings, proved
difficult to implement in the virtual space. Resistance on part of educators to modify the
assessment systems, to be in line with new requirements, when memorization on part of learners
is not essential anymore, has further posed a problem for teachers used to what is considered the
badge of academic ‘rigor’. Relatively few academics had hitherto paid attention to a whole body
of research in online curriculum, assessments, teaching and learning already developed during
the last few decades after the advent of the Internet.

Yet, clearly, the future is here in terms of disruptions in the mode of learning and producing
knowledge. Thus, the academic community must reinvent curricula, teaching methods, and
assessments for quality education for all, especially as according to scientists there is possibility
of more pandemics down the line after COVID-19. It will be useful and even a necessity for
comparative education researchers to compare what worked and what did not during this tough
time of the pandemic. There is a need to devise new educational systems today to get ready for
the uncertain future dotted with pandemics and contribute to exploring possibilities for optimal
learning. It is hard to acknowledge that we are already in the pandemic age and we must act
now rather than wait for the future.

Participants of the 5" Symposium who presented papers were invited to revise and submit them
for consideration in WCCES publications outlets: 1) Global Comparative Education: Journal of
the WCCES, 2) in an edited volume of the WCCES-Brill Book Series, or 3) World Voices
Nexus: The WCCES Chronicle. The authors of the articles included in this issue submitted their
papers for consideration in the Journal. The final list of papers was made following the usual
rigorous peer-review process. It is worth mentioning that, likewise, several papers presented
during aforementioned symposium have been published in World Voices Nexus: The WCCES
Chronicle following the regular peer-review process.

WCCES Symposia have become a regular feature of between-congress events in providing
continuity to academic discourse in contributing to past and emerging issues within the
comparative education community. Following the 1%t Symposium in 2018 hosted by the
University of Johannesburg (South Africa) and in 2019 by UNESCO International Bureau of
Education (IBE) in Geneva (Switzerland) two books have been published. The 3™ Symposium
was held in 2020, 4" Symposium in 2021 and the 5" Symposium was held in November 2022.
For the 4™ Symposium 18 member societies of WCCES served as co-conveners. A record
number of 19 member societies of WCCES served as co-conveners of the 5" Symposium. This
level of collaboration validates my vision for the Council at the time of my election as its
President in 2016, and again in 2019 for a second term, which has extended due to Covid-19
pandemic.

In this issue of GCE, we have included five articles, two book reviews and a profile of an
eminent scholar in comparative education - Crain Soudien. D.M.S.C.P.K. Dehideniya and
T.M.S.S.K. Yatigammana Ekanayake, in their article entitled “Approaching Sustainability
Competency Development through Online STEM-Based Science Teaching-Learning” identified

! Erwan Dianteil and N’Dri Assié-Lumumba (eds.) Leveraging Social and Human Sciences for Crisis Response:
Lessons from COVID-19. Paris: UNESCO, (2024, in press).
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that student-centered pedagogical approaches enhance sustainability competency development.
In her paper entitled “The Urgency of Quantitative Literacy (QL) in K-12 Education in Post
Pandemic Era”, Kuixi Du highlights that student assessment data from 2019-2021 has revealed
significant gaps in mathematics among K-12 students, leading to decreased QL. In the article
“Improving Secondary Education through High-Quality Teacher Training” by William Maner,
common themes are identified, and potential direction are recommended to help improve the
quality of secondary education. In their article “Culturally Attuned Digital Learning: Scoping
Future Indigenous Learning Pathways”, Troy Meston et al. conclude that schools should seek to
insulate already existent digital-centric curricular pathways with culturally attuned support
mechanisms, so as to better guide Indigenous learners toward future industry roles or further
study. Finally, the article “Contextualizing the Science, Technology, Engineering and
Mathematics (STEM) Gender Gap in European and sub-Saharan African Universities” by
Gabrielle Thibeault-Orsi concludes that ignorance and normalized misogyny must be reduced
across the studied contexts to improve gender equity in STEM.

We will continue to publish revised and accepted papers of the 5" symposium in the WCCES
Journal in another issue to be released in the middle of 2024, moving towards the XV1Il1 World
Congress of WCCES to be held on July 22-26 2024 at Cornell University, Ithaca, New York,
USA.

I wish you good health, safe living in this tumultuous global environment and happy reading.

N’Dri T. Assie-Lumumba

Editor, Global Comparative Education: Journal of the WCCES
President, World Council of Comparative Education Societies (WCCES)
Professor, Cornell University, Ithaca, New York, USA
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Approaching Sustainability Competency Development through Online STEM-
Based Science Teaching-Learning

D.M.S.C.P.K. Dehideniya
Postgraduate Institute of Social Sciences and Humanities, University of Peradeniya, Sri Lanka

T.M.S.S.K. Yatigammana Ekanayake
Department of Education, University of Peradeniya, Sri Lanka

Education is a crucial requirement and especially the STEM approach has been accepted
as an effective interdisciplinary education model to develop skills in students for 21%'-
century challenges. As well it plays a critical role in its way for education for
sustainability.

STEM-based teaching-learning is really a novel experience for Sri Lankan school
education as STEM is not officially practiced in Sri Lankan context and is at the
experimental stage. Basically, this study aimed to examine how STEM-based science
teaching-learning facilitates sustainability competency development at the junior
secondary level. The study followed a qualitative approach and a sample of 35, 8t"-grade
students from a school in Kandy, Sri Lanka was purposively selected. They were
exposed to eight STEM-based science lessons focused on two different themes:
Electricity and Life cycles, within a month as two days per week. Qualitative data
obtained from lesson observations and random student interviews were analyzed using
a thematic approach.

Findings revealed that the majority of the students prefer working in groups and enjoy
sharing their ideas, findings, and creations, especially through group chats. Further, it
identified that some students have been motivated to apply the acquired knowledge to
make models and are involved in creative activities. According to those findings, it is
obvious that STEM-based science teaching- learning enhances creativity, collaborative
learning skills, and meaningful application of acquired knowledge and social skills.
Moreover, it was identified that student-centered pedagogical approaches enhance
sustainability competency development. Hence, implementing STEM approaches will
accelerate the process for a sustainable future.

Keywords: STEM Education, science education, Sustainability, Education for sustainable
development
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L'éducation est une exigence cruciale et notamment 'approche STEM a été acceptée
comme un mod¢le éducatif interdisciplinaire efficace pour développer les compétences
des étudiants face aux défis du 21e siecle. De plus, elle joue un role critique dans le cadre
de I'éducation en faveur de la durabilité.

L'enseignement-apprentissage basé sur les STEM constitue une expérience vraiment
novatrice pour l'éducation scolaire au Sri Lanka, car ’approche STEM n'est pas
officiellement pratiquée dans le contexte sri-lankais et est encore a I'étape expérimentale.
Fondamentalement, cette ¢&tude visait a examiner comment I'enseignement-
apprentissage des sciences basé¢ sur les STEM facilite le développement des
compétences en durabilité au niveau de I’enseignement secondaire. L'étude a adopté une
approche qualitative et un échantillon de 35 €léves de 8e année d'une école a Kandy, au
Sri Lanka, a été sélectionné délibérément. Ils ont été exposés a huit lecons de sciences
basées sur STEM axées sur deux thémes différents : Electricité et Cycles de vie, pendant
5
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un mois, soit deux jours par semaine. Les données qualitatives obtenues a partir
d'observations des séances de cours et d'entretiens d'éléves aléatoires ont été analysées
a l'aide d'une approche thématique.

Les résultats ont révélé que la majorité des ¢€léves préferent travailler en groupe et
apprécient de partager leurs idées, découvertes et créations, notamment a travers des
discussions de groupe. De plus, il a été identifié que certains apprenants ont été motivés
a appliquer les connaissances acquises pour créer des modeles et sont impliqués dans
des activités créatives. Selon ces résultats, il est évident que l'enseignement-
apprentissage des sciences basé sur les STEM renforce la créativité, les compétences en
apprentissage collaboratif, et I'application significative des connaissances acquises et des
compétences sociales. De plus, il a été a noter que les approches pédagogiques centrées
sur 1'éléve renforcent le développement des compétences en durabilité. Ainsi, la mise en
ceuvre des approches STEM accélérera le processus pour un avenir durable.

OOpazoBaHue SIBIISICTCS BaKHEUITUM TpeboBaHMeM, U ocoOeHHO moaxon STEM Obur
MIPUHSAT B KauecTBe 3(PPEeKTUBHON MEXKTUCITUTUIMHAPHON 00pa30BaTeIbHON MOAETH JUIs
pa3BUTHUSA Y yUYaIIUXCS HABBIKOB, HEOOXOAMMBIX Ui pelieHus 3aaa4 21-ro Beka. Kpome
toro, STEM wurpaer pemaroniyio poiab B 00pa30oBaHMM B UHTEpecax yCTOWUYMBOIO
pa3BUTHSL.

[IpennogaBanue Ha ocHoBe STEM sBisieTcss NEeHCTBUTEIBHO HOBBIM OIBITOM JIJIs
mKoynbHOro  obpaszoBanusi Illpu-Jlanku, mnockonbky STEM odunmansHo He
npakTukyercs B koHTekcre [llpu-JIanku u HaxonuTCs Ha SKCIEPUMEHTAIIBHOW CTaIUU.
[To cyTH, 11eIhI0 9TOTO UCCIIEeIOBAHUS OBIIIO H3YUUTh, KaK MPEMOIaBaHNE €CTECTBEHHBIX
Hayk Ha ocHOBe STEM criocoOCcTByeT pa3BUTHIO KOMITETCHITUN B 00J1aCTH YCTOMYHBOTO
pa3BUTHS HA yPOBHE MJIQ/IIIMX KJIACCOB CPEIHEN IIKOIIBI. B ncciaenoBaHnu npuMeHsuics
Ka4eCTBEHHBIN MOXO0/, U ObLIa IeJIeHaNpaBIeHHO 0TOOpaHa BEIOOPKA U3 35 ydamuxcs
8-ro knacca mkonsl B Kangu, Illpu-Jlanka. B Teuenue mecsiia OHU TPOILTH BOCEMb
YPOKOB €CTECTBEHHBIX HayK Ha ocHOBE STEM, MOCBAIIEHHBIX JABYM Pa3HbIM TeMaM:
3JIEKTPUYECTBY U )KM3HEHHBIM LIUKJIAM, 110 J1BA JIHS B Hezento. KauecTBeHHbIE JaHHBIE,
MOJIydYEHHBIE B pe3ysibTaTe HaOMIOJICHUNM 3a ypOKaMH W CIy4dalHBIX HHTEPBBIO CO
CTYJEHTaMH, OBbUIN MPOAHATU3UPOBAHBI C UCIIOIB30BAHUEM TEMATUYECKOTO MOX0a.

PesynbraTel mokazan, 4To OOJBIIMHCTBO CTYACHTOB IPEANOYUTAIOT paboTaTh B
rpynnax U ¢ yJAO0BOJIbCTBUEM JENATCS CBOMMH HAESIMH, HAXOIKaMH M TBOPEHUSIMH,
0CcOOEHHO B TpYIIOBBIX YaTax. Kpome Toro, 6610 BBISBIEHO, UTO HEKOTOPbIE CTYAEHTHI
ObUTM MOTHMBHUPOBAHBI NMPHUMEHATH MOJYYCHHbIE 3HAHMS JUISI CO3JaHHUs MOJAEIeH H
BOBJICUEHBI B TBOPYECKYIO JIeATeIbHOCTh. COrJacHO 3THM BBIBOJAM, OYEBUIHO, UTO
IIPENOAABAHNE €CTECTBEHHBIX HayK Ha ocHoBe STEM moBbIIaeT KpeaTMBHOCTS,
HaBBIKA COBMECTHOTO O0YUYEHHSI M OCMBICIIEHHOE PUMEHEHUE TPUOOPETEHHBIX 3HAHUH
U COLIMAJIbHBIX HaBBIKOB. bosee Toro, ObUI0 BHISBIEHO, YTO IEIaroOru4ecKue moIXobl,
OPUEHTHUPOBAHHBIC HA y4alllUXCs, CIIOCOOCTBYIOT Pa3BUTHIO KOMIETEHIUI B 00jacTu
ycroiuuBoro passutus. CrnenoBatenbHo, BHeApeHue noaxonoB STEM  yckoput
MPOIIeCC 0OECTICUCHHS YCTOMYMBOTO Oy TyIIIeTo.

La educacion es un requisito crucial y, en especial, el enfoque STEM ha sido aceptado

6



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

como un modelo educativo interdisciplinar eficaz que permite desarrollar en los
estudiantes habilidades para los retos del siglo XXI. Ademas, desempefia un papel
fundamental en la educacion para la sostenibilidad.

La ensefianza-aprendizaje basada en STEM es realmente una experiencia novedosa para
la educacion escolar de Sri Lanka, ya que la STEM no se practica oficialmente en el
contexto de Sri Lanka y se encuentra en fase experimental. Basicamente, este estudio
tuvo como objetivo examinar como la ensefianza-aprendizaje de la ciencia basada en
STEM facilita el desarrollo de competencias de sostenibilidad en el nivel secundario
inferior. El estudio siguié un enfoque cualitativo y se seleccion6 intencionadamente una
muestra de 35 estudiantes de 8° curso de una escuela de Kandy (Sri Lanka). Fueron
expuestos a ocho lecciones de ciencias basadas en STEM centradas en dos temas
diferentes: Electricidad y Ciclos vitales, en el plazo de un mes, dos veces por semana.
Los datos cualitativos obtenidos de las observaciones de las clases y de las entrevistas
aleatorias a los estudiantes se analizaron mediante un enfoque tematico.

Los resultados revelaron que la mayoria de los estudiantes prefieren trabajar en grupo y
disfrutan compartiendo sus ideas, descubrimientos y creaciones, especialmente a través
de charlas en grupo. Ademas, se identificd que algunos estudiantes han sido motivados
para aplicar los conocimientos adquiridos para hacer modelos y participan en actividades
creativas. De acuerdo con estos resultados, es evidente que la ensefianza-aprendizaje de
la ciencia basada en STEM mejora la creatividad, las habilidades de aprendizaje
colaborativo y la aplicaciéon significativa de los conocimientos adquiridos y las
habilidades sociales. Ademas, se identificd que los enfoques pedagdgicos centrados en
el estudiante mejoran el desarrollo de competencias de sostenibilidad. Por lo tanto, la
aplicacion de enfoques STEM acelerara el proceso hacia un futuro sostenible.

Introduction

Many nations have attempted to achieve rapid economic growth during the past few decades,
disregarding social and environmental concerns. Unfortunately, this inattentiveness has brought
adverse impacts globally including social inequality, civil conflicts, pollution, deforestation, and a
number of other issues. As a response to those growing universal issues, the concept of sustainable
development emerged, recognizing that conservation and improvement of economic, social, and
environmental systems and maintaining a harmonious interconnection among them is the best solution
for long-term prosperity. As marked in history the first step of the journey for sustainability was taken
in 1987 and the Brundtland Commission in their report, "Our Common Future,” defined Sustainable
Development (SD) as "development that meets the needs of the present without compromising the
ability of future generations to meet their own needs™ (Brundtland,1987).

Education has been identified as the key to dealing with complex issues relevant to the environment,
society, and economy. As well, on the way forward for sustainability, recognizing the strength of
education to empower the young generation to improve their capacities, is considered an essential
investment for sustainable development. Hence, broadening the SD landscape, the United Nations
nominated the period of years 2005 to 2014 as the United Nations Decade of Education for
Sustainable Development (DESD) in 2002(UNESCO,2004). Further, in 2015 to advance the process

7



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

of achieving global sustainability, at its general assembly UN established the ‘Agenda 2030 for
Sustainable Development’ and set 17 Sustainable Development Goals (SDGs) (Pahnke et al,2019).
Among the 17 goals, Goal 4° Quality education, was particularly concerned with ensuring accessible
and equitable quality education and fostering opportunities for lifelong learning for all and it always
interconnects with other goals. In the general sense, SDGs provide a framework for global action
aiming to wipe out poverty by encouraging economic growth while safeguarding the balance between
the environment and human involvement by 2030.

Further evaluating the relationship between education and SD, the academic literature suggests
academic institutions as the agents potential to generate a wave of positive change (Zizka et al,2020),
to achieve SDGs and they are responsible for applying and working out sustainable development
initiatives through the institutional academic practices. Further, it has been recognized that STEM:
Science, Technology, Engineering, and Mathematics disciplines are called upon to participate in the
social process of searching, learning, and shaping solutions to global sustainability issues (Pahnke et
al,2019). Supporting the same argument McGunagle and Zizka (2020) have noted that especially
STEM higher education programmes prepare graduates to become front-runners in satisfying 21st-
century demands by offering theoretical knowledge and developing industry-related skills and
competencies. As a whole, it is evident that well-organized STEM education is capable of generating
individuals to fulfill future workforce requirements, which ultimately contributes to sustainable
development both locally and globally (Gamage et al,2022). Supporting the same point, Dotson et al.
[12] suggested that access to quality education in STEM is linked to reduced poverty, higher
economic growth, and more resilient democracies and hence, these disciplines play an essential role in
addressing many of the SDGs.

The use of digital platforms as the mode of instruction is not new in education contexts but with the
recent global pandemic, the mode of education has almost completely been shifted to digital
platforms. Both students and teachers had to move from their usual teaching-learning backgrounds
and were also taken away from their friends and playmates limiting social relationships. Moreover,
the virtual learning mode was not favoured by everyone, and continuing education and achieving
educational goals was more challenging, especially in underdeveloped countries. Within this
background, this particular study is trying to find out the feasibility of online STEM-based science
teaching-learning in approaching sustainability competency development, mainly focusing to achieve
the following objectives:
e To find out the STEM learning activities that encourage the development of
sustainability skills/competencies in students.
e To discover what sustainability skills/competencies are developed in students through
STEM-based science experience.

The background literature mainly focuses on the most relevant academic research outcomes under
areas of sustainable development (SD) and education for sustainability development (ESD), STEM
education, science education, and online education.

Background Literature on STEM Education

STEM education refers to the education or professional practices in four primary discipline families of
science, technology, engineering, and mathematics areas (McDonald, 2016). It is a well-established
factor that the Integrated teaching and learning approach of STEM disciplines prepares students for
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the future by equipping them with the knowledge, skills, and competencies need to succeed in a
continuously changing technological and globalized future.

Generally, STEM education stresses hands-on, inquiry-based learning approaches that encourage
students’ active learning, while exploring and experimenting with concepts. Further direct students to
look for practical solutions to real-world problems. As emphasized by the scholars STEM
implementations energize the learning environment, revitalizing the curriculum with real-world
relevance and establishing connections to everyday life experiences while fostering creativity,
problem-solving, teamwork, communication skills, and critical and higher- order thinking which are
the essentials in students for success in STEM-related careers. Inquiry- based STEM education is
increasingly recognized as a critical component of modern education, as it could serve to enhance
sustainable development and build capacity for future generations providing the fundamentals to
understanding how to develop sustainability mindsets. Besides, to develop sustainability
competencies empowering and motivating learners to become active and critical sustainability
citizens who are able to participate in shaping a sustainable future is vital. To achieve this end there
should be learner-centered, action-oriented, and transformative pedagogical approaches (Leicht, et
al.,2018). ESD pedagogies are often place-based or problem/issue-based. They encourage critical
thinking, social critique, and analyses of local contexts. They involve discussion, analysis, and
application of values. teaching techniques such as simulations, class discussions, issue analysis, and
storytelling are used in lessons. further, drama, play, music, design, and drawing are used to stimulate
creativity in students (UNESCO,2012). Such approaches are often used in STEM-based classrooms
and hence, it shows that there are similarities between ESD pedagogies and STEM pedagogies. As a
whole sustainability competencies and competencies focused by STEM education are compatible with
each other proving that STEM is a vehicle for sustainability. In other words, STEM education for
sustainable development is associated with knowledge-acting and containing the values of
sustainability education (Gonzéalez-Gomez and Jeong,2022).

In contrast to many compliments on the relationship between STEM and sustainability, Davis (2012)
argues that STEM’s contribution to sustainable development is limited. However, Zizka et al (2020)
affirm that STEM-related subjects are fundamental to sustainable development and to answering
global sustainability issues in a meaningful and knowledge-based way. Van Dam-Mieras et al. (2007)
also stand on the same line and suggest that sustainability issues must be approached by
interdisciplinary and multiculturally composed groups. As well as Pahnke et al (2019) suggest using
reflective STEM knowledge for social good. Hence, it is necessary to STEM and sustainability to be
even at the forefront of early childhood education (Campbel & Speldewinde,2022).

Science Education

Science is the systematic study of the structure and behaviour of the physical and natural world
through observation and experiment (Deshmukh & Jaiswal,2012). Science education focuses on the
teaching and learning of science to students of all ages and it includes the collective study of physical,
chemical, and biological components of the natural world basically to promote scientific literacy and
understanding among students. From another point of view, science education equips students with
the knowledge, skills, and competencies need to become responsible citizens. As in STEM education,
Science education also emphasizes inquiry-based learning, which encourages students to inquire,
experiment, and analyze to realize the truths surrounding in a systematic way and it establishes a
proper understanding of scientific concepts and principles in individuals.
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Schools, museums, science centers, and outdoor learning environments readily provide formal and
informal settings for teaching and learning science. Practically in the formal school education a wide
range of teaching methods and approaches, including hands-on experiments, group projects, online
learning, and multimedia resources are incorporated to facilitate students’ learning. Thereby it
promotes critical thinking, problem-solving, and innovation, which are essential skills for success in
today's world. As Eilks (2014) identifies the primary role of industrial production grounded in science
and technology lends science education a central relevance with respect to ESD. Moreover, science
education plays a critical role in preparing students for STEM- related careers, which essentially
contribute to the advancement of society.

From a sustainability perspective science education is recognized as a key venue for a rapid societal
transformation to sustainability. The combination of science education with the principles of
sustainable development focuses on the development of knowledge, skills, and values necessary for
students to understand and address sustainability challenges with a holistic understanding including
their scientific, social, economic, and environmental dimensions. It encourages students to explore the
connections between science and sustainability in practical problem-solving. Climate change,
biodiversity and biodiversity conservation, renewable energy and energy conservation, industry and
natural resource management, and sustainable agriculture are some of the main concerns focused on
through Science Education for Sustainable Development (SESD). Henceforth, science education plays
a pivotal role in promoting sustainability.

At the school level, SESD can take multi-disciplinary and trans-disciplinary approaches, drawing the
fundamentals of other scientific disciplines and social-cultural perspectives. That practice encourages
students to work collaboratively with stakeholders to develop sustainable solutions to real-world
problems in the future. Hence, Holbrook (2010) raises the need for school science education to
respond to social changes to help prepare young people to contribute as citizens to shaping the world
in which they will live in a sustainable way. Science education for sustainability is envisioned as a
teaching approach that is interdisciplinary and promotes critical system thinking, problem-solving,
and decision-making, with the ultimate goal of increasing HOCS learning(Zoller,2012).

Overall, science education for sustainable development prepares students to address the complex
sustainability challenges today and in the future and equips them with the skills and knowledge they
need to become active partners in the journey for sustainability.

Sustainability, Education for Sustainable Development (ESD) and Sustainability Competencies (SC)
In general terms, sustainability means achieving the expected developmental needs of the future
without hampering the opportunities to meet the needs of the future world. Many definitions have
been put forward by scholars looking at sustainability from economic, social, and environmental
perspectives.

From the perspective of education, a set of knowledge, skills, and attitudes that enable individuals to
understand and address challenges faced by society in achieving sustainability can be referred to as
education for sustainability. In its broadest sense, ESD is the education for social transformation with
the goal of creating more sustainable societies (UNESCO,2012). As it explains further, ESD touches
every aspect of education including planning, policy development, programme implementation,
finance, curricula, teaching, learning, assessment, and administration. ESD aims to provide a coherent
interaction between education, public awareness, and training with a view to creating a more
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sustainable future. Further, Wals and Kieft (2010) mention that ESD has four thrusts or areas of
emphasis:

1) Improving access and retention in quality basic Education

2) Reorienting existing educational programmes to address sustainability

3) Increasing public understanding and awareness of sustainability

4) Providing training to all sectors of the workforce

The ultimate aim of these is attaining essential sustainability competencies for building a sustainable
future and promoting responsible citizenship.

Over the last few years, several frameworks, articles, and reports have made significant progress in
conceptualizing key competencies in sustainability (Wiek et al,2011), and depending on the academic
discipline or context, various definitions of competencies can be found (Jelonek and Urbaniec,2019).
In general, systems thinking, critical thinking, problem-solving, collaboration and communication,
ethical and responsible decision-making, and sustainability literacy are considered sustainability
competencies required by individuals to become active and engaged citizens who are capable of
contributing to building a more sustainable world. These competencies are particularly important in
the field of education, as they help to develop a balanced student with the skills needed to become a
responsible member of society. To Juuti (2021), “Sustainability competencies are educational
concepts that differ from conventional syllabuses and didactic approaches”. Moreover, they are not
limited by boundaries of subjects or specific content knowledge (de Haan 2006) and they are
characterized by interdisciplinary learning objectives that are obligatory to deal with the complex
challenges we face in today’s reality (Wiek et al., 2015).

According to ASU (2018) the competencies in sustainability, are complexes of knowledge, skills, and
attitudes that enable successful task performance and problem-solving related to real- world
sustainability problems, challenges, and opportunities. Sometimes sustainability competencies have
been identified as ‘Green Skill: “the knowledge, abilities, values, and attitudes needed to live in,
develop and support a sustainable and resource-efficient society” (Cedefop, 2012). As stated in the
Delphi study systemic thinking and handling of complexity, anticipatory thinking, critical thinking,
acting fairly and ecologically, cooperation in (heterogeneous) groups, participation, empathy and
change of perspective, interdisciplinary work, communication and use of media, planning and
realizing innovative projects, evaluation, and ambiguity and frustration tolerance are the key
competencies for sustainability development (Leicht et al,2018).

Wiek et al. (2011) provide another framework for understanding students’ key sustainability
competencies including five components: systems-thinking competence, anticipatory competence,
normative competence, strategic competence, and interpersonal competence. Among the different
definitions and frameworks on sustainability skills/competencies most recent is given by Brundiers et
al (2020) and it includes, Systems thinking competence, Futures thinking (Anticipatory) competence,
Values thinking (Normative) competence, Strategic thinking competence, Interpersonal
(Collaboration) competence, and Integrated problem-solving competence. Particularly, in this study in
discussing the outcomes in the above mentioned framework is used as the foundation.

Online learning and sustainability
Although the first occurrence of E-Learning is reported in the mid-1990s (Otto and Becker,2019),
nowadays it is ubiquitous and has transformed the way of thinking about education, especially about
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teaching and learning. As Crow (2013) argues, those who were born after 1990 have never known life
without the Internet, and so the Internet is as integral to learning as it is to their social lives. Nearly a
decade ago physical classrooms with teacher-student interaction were prominent at all levels of
education. However, with the revolutionary development in digital and communication technologies,
the Internet has now become a main platform for education and it is popularly called online learning
(Edwards, 2019). As Llego (2010) defines “Online learning is a form of a live synchronous platform
where it requires both parties to have a good and stable internet connection.

On the other hand, identifying the impact of internet-related transformations on the whole of mankind
UNESCO (2013) defines it as “a fundamental element in twenty-first-century education that
contributes to the construction and participation of the knowledge society “(Tibana- Herrera et
al,2018). The sudden spread of the COVID-19 pandemic affected the global society and its impact on
educational systems created “Emergency Remote Teaching (ERT)” (Hodges et al,2020) - the delivery
of education during the lockdown circumstances (Liyanagunawardena and Williams,2021).

Restrictions for physical gatherings posed during the pandemic as a healthy safety precaution have
further amplified the use of the internet and its applications as the main learning platforms in all levels
of academic activities. As a result, technology has played a significant role in e-learning and
overcoming many barriers in dispersing education to the community (Singh et al,2022) during that
time.

New media and modern ICT tools offer many possibilities to enhance educational activities by
providing flexible access to resources, assisting in information management, facilitating active
discussions, and ultimately it aiding global knowledge sharing (Kubista,2020). Most recent studies
have shown that ICT integration into education can help bridge the socioeconomic gap in developing
countries’ female population (Singh et al,2022). Further, according to the research outcomes
technology-enabled learning has played a successful role in teaching methods and is recognized as an
appropriate model-building and interpersonal approach (Eitzel et al,2018).

As mentioned by Deaconu (2022), “In the online mode compared to the classic teaching mode, the
instructor—student interaction increased more, and the explanations were more elaborate. The students
focused more on the explanations they received; they did not have to take too many notes, because the
course support already existed on the platform. There were situations when the teachers’ presentation
was recorded, with the students’ request”. In contrast to the benefits, there are drawbacks in terms of
access to technology, the internet, and resource availability (mainly devices).

According to Azeiteiro et al. (2014), online programmes appear to provide learning outcomes that are
comparable to those of face-to-face programmes. Similar results have been reported by Deaconu
(2022) and according to the study focuses online teaching can achieve similar results (sometimes even
better) compared to classic face-to-face teaching, in terms of learning or assimilation of knowledge.
Another point highlighted by the scholars is that integrating digital learning tools into the classroom
and curricula can cut out the ecological footprints of humans and encourages more sustainability. This
is one of the best to inculcate in young minds at a very young age. Because normally science and
technology create mechanical or rough or hard imagination in minds and are not always welcomed by
people. Other than that online learning is more interactive and student-centered. The pedagogies used
in online teaching are more efficient as the traditional instructional approaches are unsuccessful in
answering students’ learning needs and life situations. However, regarding online teaching and
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learning ICT skill levels of the participants, transforming into a novel platform from the traditional
classrooms or lecture halls, distance physical relationships with colleagues, and technical failures may
make it a bitter experience. However, when using E-learning platforms decreased motivation in
students and teachers, delayed feedback from teachers and peers, or lack of help as the teachers are
not always available at the time students may need help, and feelings of isolation are possibly
counting as the drawbacks in online learning platforms. So that to achieve a sustainable learning
experience careful planning, management, and implementation, are essential.

Methodology
The detailed study of the proposed topic mainly focused on the following two research questions to be
answered in relation to the objectives.
e What are the STEM learning activities encouraging the development of sustainability
skills/competencies in students?
e What skills/competencies can be developed in students through STEM-based science
experience?

Basically, the study followed a qualitative approach, and as the main research sample 35, 8th Grade
students including both males and females were purposively selected from a school in Kandy district
in Sri Lanka. Students were exposed to a lesson series for eight days covering the two themes
‘Electricity’ and ‘Life Cycles’ included in the grade 8 Sri Lankan science curriculum. Further, the
lessons were planned to integrate STEM approaches, and four lessons were done under each theme.

At the stage of data collection, the lesson teaching-learning process was observed following the
participatory observation method and was video recorded with the consent of the participants. As well
at the end of the lesson series 15 random informal student interviews were done to get their personal
experiences about STEM-integrated science learning and were audio recorded to minimize data loss.
Prior to the data analysis transcripts were made using both video records and interview audio records.
A detailed study of collected data was done following the thematic approach and identified prominent
themes to answer the preset research questions.

Moreover, the found data was supported using the previously recorded peer-reviewed research
literature available in databases of, J-store, Elsevier, Tandfonline, Google Scholar, and recognized
institutional websites.

Results and Discussion

The results and discussion section presents the outcomes of the study as a combined answer for the
two research questions focused on learning activities and facilitated skills/competency development.
Moreover, the answer is organized in a way taking the identified themes as subtopics.

Quality education has many interpretations and on the common ground, it focuses learner’s cognitive
development along with values, attitudes, and skill development. In reference to sustainability skill or
competency development, mainly ESD aims to improve the capacity and commitment of an
individual required to build a sustainable future. In that process STEM-based teaching —learning it
utilized various pedagogical approaches focusing on students’ lesson engagement and skill
development. When it comes to online mode integration of sustainability principles and practices into
the lessons was a bit challenging in an environment where online transmission of education is a novel
experience.
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Particularly to this study, fundamentally the activities were designed as pair/group and individual and
they involved a variety of learning approaches such as reading, browsing the internet, making models,
and sharing information and presentations. As identified in the thematic analysis sustainability skills
and competency development were achieved by implementing several types of activities.

e Inquiry-based learning (IBL)/problem-solving learning (PSL)and skill development
Generally, inquiry-based learning engages students in investigating a particular issue, asking
questions, and problem-solving. It encourages students’ critical thinking, systems thinking, analysis,
and collaborative decision-making. Hence, as Madhuri et al., (2012) state IBL is an example of an
active learning pedagogy supporting the development of higher-order thinking skills required by
education for sustainability.

As observed during the intervention students are involved in practical activities in groups and the
teacher acts only as a facilitator. As the lessons were conducted in online mode using Zoom as the
learning platform students were put into breakout rooms during lessons for discussions. Moreover,
students also created WhatsApp groups to exchange their information and experiences. social media’s
function as a tool for learning is exemplified there since WhatsApp is used by learners to aggregate
and share the results of learning achievements and students participate in collective knowledge
generation (Dabbagh and Kitsantas,2011). Since students work together as a team and it gave them
opportunities to discuss the issues, look for alternatives, negotiate, and select the best suite answer.
For example, as a solution for energy waste and making use of available resources students suggested
using LEDs in the activities and they reason out it as a solution for the energy crisis highlighting the
everyday applications. This can be taken as students involve in systems-thinking competency
development as it shows the student understanding of the difference between the effective use of
materials vs. the current widely unsustainable way of living (Juuti,2021).

Hence, it is accepted that inquiry-based learning has the potential to enhance cognitive and social
skills and competencies in the students that are expected in sustainable education. Most specifically
inquiry-based practical activities targeted systems thinking and strategic thinking competency
development as they target strategic knowledge (viability, feasibility, effectiveness and etc.) and skill
(designing, testing, implementing, evaluating, and adapting) development (Juuti,2021). Confirming
the same fact Zoller (2012) states that student-centered HOCS (Higher Order Cognitive Skill)
oriented teaching-learning strategies ensure active participation of the students in the learning process
and foster “question-asking”, and critical-evaluative thinking. Since the activities were done in groups
then naturally it enables interpersonal (collaboration) competency enhancement. Collaboration is a
key skill for sustainability, as many sustainability issues require working across disciplines and
stakeholders. Particularly in a group setting, enable students to collaborate with different learning
styles to work on the same, and that encourage interpersonal skill development.

Online STEM-based science teaching and learning centered on IBL can foster collaboration by
providing opportunities for students to work together on projects, share ideas and knowledge, and
give and receive feedback.

e Use of digital sources in learning and skill development
The use of information communication technologies (computers, tablets, interactive whiteboards,
mobile phones, cameras, laboratory equipment, etc.) as sources of content, research, and knowledge
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creation in the educational process is highly appreciated and suggested by the European Commission
documents and research findings (Juuti,2021). The advanced use of digital technology has greatly
impacted the field of education (Baena-Morales et al,2020) in the recent past. Digital contents and
technology make a more versatile learning environment and attract students. Therefore, the
digitalization of education speeds up the process of attaining a more sustainable society (EU, 2019).

The entire lesson series was done online and it was totally a novel experience for the selected students
as well as the Sri Lankan school education in response to the Covid-19 pandemic. Within this
background teachers’ role to maintain an effective learning environment is crucial and on the other
hand, teachers should be competent enough to handle learning in online mode since students’ digital
competence development depend on teachers’ involvement (Baena-Morales et al,2020). Fulfilling that
students in this study used an online available virtual lab, ‘Circuit Construction Kit: DC - Virtual Lab’
(http://phet.colorado.edu/sims/html/circuit-construction-Kkit- dc-virtual-lab/latest/circuit-construction-
kit-dc-virtual-lab_en.html) during the electricity lessons as they are unable to work with real lab
instruments. This particular online simulator helped students develop the skills and competencies
expected from studying the theme. In the same way, online simulations can be used to simulate real-
world sustainability scenarios like the impacts of climate change on a particular region or ecosystem,
building housing schemes or shopping complexes near a natural habitat, or any other.

Another positive point related to digital resource usage was students made presentations and videos.
Especially preparation of the video by students has awakened several skills in students as they have to
get ready with necessary things before doing the video. Then they have to make the script or be
prepared with what they want to tell and students need to consider the voicing and lighting and finally
the editing. Consequently, the whole process involves some steps of management process with
different depths and similarly that shows signs of enhanced strategic skills like designing, testing, and
implementing. As a whole preparing a video has automatically helped the child to develop himself or
herself and that practice may create a talented media person: reporter, broadcaster, or announcer in the
future. In a way, it is kind of an opportunity for pre- career practice and identification. As well
students shared and presented what they have done during the lessons and thereby students get the
practice of sharing something in a Zoom session.

Baena-Morales et al. (2020) emphasize Plaza de la Hoz (2018) and state that, ICT empowers students,
provides and permits unlimited access to information, and the creation of learning communities.
Proving the statement students in this study by engaging technology integrated activities learn to
search for information, select and decide what they want, retrieve necessary pictures or any other data,
and in return students practiced using the information to produce a new video or a document, search
for facts and information, present information and express ideas creatively. In addition, it develops
students’ creativity skills in different dimensions, and students get used to the balanced and
responsible use of digital technology in education. Hence, it is an example of where students enhance
their perspectives in anticipatory competency in relation to the use of digital tools (Juuti,2021).
Speeding up the innovation process in education and widening access to skills and resources also
facilitated by technology-integrated lessons. Highlighting the available research literature Sung et al
(2020) state that educators are always benefited from the partnership with technologists in education.
Most prominently integration of approaches like gamification, Virtual Reality(VR)- Sense-Related
Technologies, and Wearable Technology: any electronic devices that can be worn as accessories,
creates many new opportunities in Education for Sustainable Development (ESD). Hence
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incorporating information literacy is considered a foundational skill required in the journey of
sustainability, and incorporating digital sources in teaching-learning is beneficial.

e Arts/creativity integrated activities and skill development
Arts and creativity-integrated activities were the most favoured by the students. Making posters,
models, and computer-based videos were prominently used by the teacher to awaken students’
creativity. Posters are a method of familiarizing students with the concept of visual literacy and a
form of visually-based assessment (Allan et a,2008). Among the many plus points in poster making,
the best advantage is that it facilitates the free expression of students’ ideas creatively (Figure 1).

Figure 1: Poster on handling electricity safely

As well it provides students with an opportunity to communicate what they learn to the general
public. There students become educators of society. In particular, in this study students made posters
on safety measures to be taken in handling electricity and possible hazards due to carelessness. Some
students have used MS-Paint for making posters (Figure 2) rather than using paper and chalk.

Students voluntarily made simple toy models and model equipment (Figure 3) after the lessons and
there they used waste materials. That is a good trend, and they are practicing one of the most
important sustainability skills: reducing, reusing, and recycling. Another fact that emerged as a result
of arts and creative work was skill identification by the self and others and that is essential in building
up a person for a sustainable future. The following student’s voice during the interview provides the
best evidence for their own skill identification and labour division in group activities.

“Our friends have different skills, some can draw well, and some have beautiful handwriting.
In a group activity we can put all together and complete that task well and quickly”.
(Student Interview-S 3)

As well that can be considered as a partial career trajectory and the child can get an idea of how he or
she can organize his/her future according to the interests and potentialities. Furthermore, self-
reflection is an essential component of sustainability competency, and this has provided opportunities
for students to reflect on their learning, skills and their own potentialities to be used as sustainability
practices, and to develop their own action plans for sustainable living.

As mentioned in the research literature ESD pedagogies often give priority to creative works: arts,
drama, music, and drawings to arouse creativity, innovation, and imaginative powers of the students.
Integration of arts and creative work is effective in advancing students’ perspectives with an
empathetic outlook when solving problems and addressing issues (UNESCO, 2012). When
considering student participation in the whole intervention process most of the creative activities were
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done by female students and that is a plus point in reducing gender biases because it breaks the
common belief, females do not excel in science or science-related fields. Further, it hints that in the
future females will play a significant role in the sustainable world.

Figure 2: Poster created using MS-Paint

Figure 3: Toy models made using waste materials

Using real-world sustainability challenges and project-based learning are the other two approach that
can be used to address sustainability issues and encourages students to involve in the collaborative
investigation of a real-world problem or challenge and work together to find solutions. Although,
many ESD pedagogies have been in practice within different disciplinary traditions for years (Laurie
et al,2016) this study showed that ESD-focused STEM-integrated pedagogies do more than facilitate
knowledge improvement. They promote the learning of skills, perspectives, ethics, and values that
sustainable societies require as the pedagogies to recognize human value enhancement in terms of
flexibility, creative work, and work related to value, belief, and emotional support.

Conclusion

According to analysis, it revealed that although students worked in the virtual platform and restricted
physical contacts they preferred working together, enjoyed sharing their ideas, and findings, and were
willing to help each other. As well they have strategically overcome the barrier of restricted physical
contact by creating chat groups through social media. Henceforth it is obvious that students have
acquired and achieved basic skills in strategic planning and they can be considered as pre-signs of
interpersonal (Collaboration) competency development. Students’ motives to apply the acquired
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knowledge to make models using waste materials are also appreciable as attempts to establish
elements of sustainability. Further, learning is an active process in which knowledge is constructed
actively and connects the child with the world making him or her concerned about the challenging
world problems. Robust learning enables the child to apply knowledge in problematic situations or
innovations. Model making also can be taken as an attempt where the child uses his/her knowledge
and skills for innovation and further skill development. On the other hand, it will result in sustainable
employment generation and social empowerment, leading to constructivism for a nation(Singh,2022)
in the future.

As established by the above discussions sustainability skills or competency development is achievable
through online STEM-based science teaching and learning at the school level. Integrating
sustainability concepts in lessons and utilizing various teaching methods promote student engagement
and skill development. Such learning experiences develop students’ abilities and confidence while
contributing enhancement of systems thinking skills, problem-solving skills, creativity, and
innovation. Furthermore, students recognize interrelations and interconnections among the subject
components when the lessons are implemented in a STEM-rich environment. Moreover, as answers
for sustainability issues are multidisciplinary, STEM integration permits the students to get the basic
competencies needed to achieve the issue in the future at the school itself. Therefore, it is suggested
that rather than practicing students for disciplinarily problem-solving, better direct them to involve in
decision-making based on systemic, inter-, cross-, and transdisciplinary approaches (Zoller,2012).

Obviously, pedagogies associated with sustainability content stimulate students to ask questions,
analyze, think critically, and make good decisions. Further, such pedagogies move from teacher-
centered to student-centered lessons and from rote memorization to participatory learning (UNESCO,
2012). Facilitating the learning of knowledge, and promoting the learning of skills, perspectives, and
values necessary to foster and maintain sustainable societies (Laurie et al,2016) is also achievable in
STEM-integrated science lessons. However, when it comes to the online mode of teaching-leaning
both teachers and students face various difficulties. Issues related to handling digital equipment and
devices, managing online learning platforms, and converting the existing resources to online teaching
materials were common problems for the participants. Specifically, with the teachers lack of
awareness about online teaching-learning pedagogies and assessing student engagement and
performance were major concerns. Technical issues such as unstable network connections and
unexpected power failures created interrupted internet access. Sometimes that resulted in low-quality
pictures, videos, and sounds. Limitations for observational studies, visits, and practical activities with
real equipment and instruments gave a sense of incompleteness. financial issues and lack of resource
availability also impact student participation. However, the practice of learning on online platforms
may inculcate life-long learning habits in students from school age.

Apart from that there is a need for improving teacher skills regarding technology usage in teaching —
learning and they should be given timely training. Moreover, the integration of STEM approaches and
sustainability into the curriculum is challenging. Therefore, teachers should be made aware of novel
pedagogical approaches, STEM, and sustainability competencies in education as it has shown
development in teacher ability to cultivate student values towards sustainable development can be
obtained through training and practices (Laurie et al,2016). Williams (2008) has also confirmed fact
that progressing towards a more sustainable future requires changes in education structure, content,
and process. Hence, the changes in the education system need to focus the local and global trends and
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requirements and STEM-integrated science teaching is strategically suitable in this venture regardless
of the mode of transmission in terms of physical or online.
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The Urgency of Quantitative Literacy in K-12 Education in Post Pandemic
Era

Kuixi Du
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The COVID-19 pandemic may be the most severe crisis the world has ever
faced, as it has overwhelmed our education systems and challenged the public’s
quantitative literacy (QL) skills (Madison, 2001). QL refers to the ability to
understand and use numerical information and data analysis in everyday life
(Piercy, 2020; ALA, 1989), which is a critical skill for any informed citizen.
The importance of QL has been emphasized by the constant emergence of
information in the era of "Big Data" and the proliferation of misinformation
related to the pandemic (Grawe, 2021).

Despite the digital revolution that provides us with more data than ever before,
many individuals still struggle to understand it. Student assessment data from
2019-2021 has revealed significant gaps in mathematics among K-12 students,
leading to decreased QL (Dorn, Hancock, Sarakatsannis, & Viruleg, 2021).
When those students progress or enter college without solid blocks of STEM
knowledge, we squander the chance to move them to the cutting-edge of
quantitative literacy. Given the urgency of the situation, this paper evaluates and
combines current frameworks and definitions of QL, quantitative reasoning,
numeracy, and mathematics, and to reinforce the interrelationship between
mathematics, statistics, and QL. Moreover, the author also intends to propose
solutions based on a literature review of the current status of quantitative
literacy in K-12 education in the post-pandemic era, identify the challenges and
opportunities for developing effective pedagogical strategies for QL in K-12
education. In essence, this paper aims to contribute to the ongoing conversation
on QL in K-12 education and offer insights into how educators and
policymakers can better equip students with the quantitative literacy skills
necessary to succeed in the post pandemic era.

Keywords: Quantitative Literacy, K-12 Education, STEM Education, Teacher
Education, Educational policy, Curriculum Transformation, Post COVID-19 Pandemic
Era Education
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(Piercy« 2020¢ ALA« 1989)¢ dxaal e WSTI @3 U3y, wittuns bolge Y Digw> 8)lgs (29
QL dakal olelal Hladls" 8aSI QUL ae 3 Ologlaall ol Hgelall JUS (10
d=5lJb (Grawee 2021).

e el dzlg (oan By T e UL e 130 W 5095 (31 &ad )l )50l 0 o)1 (e
5529 2021 J| 2019 ple cpo DRI 0uis by @bl Lgagd § Ligne Oglli Y 21,89
dl 6ol e €12 Gaall JI 49,01 (0 Bgaall Db o Wlusbyll Jlre (3 848 wlgnd
Sy § p2la3 QL (Dorne Hancocke Sarakatsannis« & Virulege 2021). padn Laise
Jlre (3 ymall o Lgd Bueld (g dmald) gl of Ol Y3 STEMc dioyd pags
033 oty ol 10 09 caup gl) Jorladl gullall T5kass, a0l Belyall ol o J) gt
J Al laadly YN QL o Jeladl joax) @lUdg cdolusd! )adlly S aSadlg
Jls bamYly Olusb QL. ol J) 13Ukl gl 1781 Lt 801 piia ccll e Bgdles
Al day o _pae (3 Dgild! ) A9V CBgasall oo ealatll (@ daSdl Belyal) Sl aisgld (30
JALS Gl Olangdliul palail (o,ally Ohdsll e Byaill ao QL Boauall oo pedadd]
Js> et Hlsmdl (3 dadlundl I Comdl o Bug oy 3. bWl JI 4591 QL 3
7625 L)l $luss oyl oS S Jg> (55 eaaily Ll J) AdsY) Bgauall (e o]
Aol da Lo _pac (3 7ol AapMI &Sl 851yl elylgas oMall,

COVID-19 K47 v] R 2 tH L I i e ™ B ML, OB R A 7 3RATI 2
HIERIFPER T AL ERES) (QL) FA: (Madison, 2001). QL #§
(1) 2 B i A B 2 DR AE B AR S TR i T B 4 i B RE 77 (Piercy,
2020; ALA, 1989), XXt TAEf A RRUEHS 2 2 X B E A e, fEK
i AUE EAWHR IS KFAT A R E R E B REERFNEL T,
QL HyEEIEES] i (Grawe, 2021). JUEHFEM NTATIRM T
e DA 2 R, (HVF 2 AUDAMELERfRE . AN 2019 4E 2] 2021 41
PN BRI, K12 AR FAERE ZE, 8 QL T
(Dorn, Hancock, Sarakatsannis f1 Viruleg, 2021)., X2z %H
RS STEM FIRIEREIITE LR HEANKSENS, SR T RIBES A1
Ml BETRHRKIEM, ROHHMLEE 72407 QL. HEMHE., BA
A IHELEAIE S, FENR 7 X805 et Al QL 18] B AH H. ¢ & (1)
Fo WAL, VEE LB SCRZEIR 21T 5 RAATIMR K-12 #E S e
IR, RHEMRRTE, e kR K-12 A QL B R 5 Pk
FHLE. AL, RCBEN K-12 #E T QL WSS oiEk, I+
RNBE TAEE RIS P08 T WAl 78 5 R AT I A 1 1 385 By 2 A
J& 24N BT BT R B S Re ST R R L

La pandémie de COVID-19 pourrait étre la crise la plus sévére que le monde ait
jamais connue, car elle a submergé nos systemes éducatifs et mis a I'épreuve
les compétences en littératie quantitative (LQ) du public (Madison, 2001). La
LQ fait référence a la capacité de comprendre et d'utiliser les informations
numériques et I'analyse de données dans la vie quotidienne (Piercy, 2020 ; ALA,
1989), ce qui est une compétence cruciale pour tout citoyen informé.
L'importance de la LQ a été soulignée par [|'émergence constante
d'informations a I'ere du "Big Data" et |a prolifération de désinformations liées
a la pandémie (Grawe, 2021).

Malgré la révolution numérique qui nous fournit plus de données que jamais
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auparavant, de nombreuses personnes peinent toujours a les comprendre. Les
données d'évaluation des éléves de 2019-2021 ont révélé d'importantes lacunes
en mathématiques chez les éléves de la maternelle a la 12e année, entrainant
une diminution de la LQ (Dorn, Hancock, Sarakatsannis, & Viruleg, 2021).
Lorsque ces eléves progressent ou entrent a I'université sans des bases solides
de connaissances des STEM, nous manguons l'occasion de les amener a lI'avant-
garde de la littératie quantitative. Face a l'urgence de la situation, cet article
évalue et combine les cadres et les définitions actuels de la LQ, du raisonnement
quantitatif, de la numératie et des mathématiques, et renforce l'interrelation
entre les mathématiques, les statistiques et la LQ. De plus, l'auteur a l'intention
de proposer des solutions basées sur une revue de la littérature sur I'état actuel
de la littératie quantitative dans I'éducation de la maternelle a la 12e année a
I'ere post-pandémique, d'identifier les défis et les opportunités pour développer
des stratégies pédagogiques efficaces pour la LQ dans I'éducation de la
maternelle & la 12e année. En essence, cet article vise a contribuer a la
conversation en salle de casse sur la LQ dans I'éducation de la maternelle a la
12e année et a offrir des perspectives sur la maniere dont les éducateurs et les
décideurs peuvent mieux équiper les €léves des compétences en littératie
quantitative nécessaires pour réussir a I'ere post-pandémique.

[Mangemus COVID-19, BO3MOXHO, SIBISIETCS CAMBIM CEPbE3HBIM KPU3UCOM, C
KOTOpPBIM KOTJa-Tu00 CTalKUBAJICS MHUpP, MOCKOJIBKY OHa IOpa3wia Halld
CUCTeMBbl 00pa3oBaHusi © Opocuiia BBI30B HABBIKAM KOJUYECTBEHHOM
rpamoTHOCTH (QL) Hacenenus (Maaucon, 2001). QL o3Havaer cnocoOHOCTH
MOHUMATh M MCMOJb30BaTh YHCIOBYIO HHGOPMAIUIO U aHANU3 JaHHBIX B
noBcenHeBHOM xu3HU (Piercy, 2020; ALA, 1989), uTo sBIsieTCS KPUTUYECKH
BRKHBIM HABBIKOM JUIsI JTIOOOTO MH()OPMHPOBAHHOTO TpaxKTaHWHA. BaxkHOCTH
QL Obu1a moauepkHyTa IOCTOSHHBIM TMOSIBIEHMEM HH(OpPMAlLMM B 3MOXY
"OONBIIMX MAHHBIX" M pacmpoCTpaHEHHEM Je3WH(OpMaluU, CBS3aHHOU C
nangemueit (Grawe, 2021).

HecmoTpst Ha 1IUQpPOBYI0 PEBOIIOLMIO, KOTOpask MPeI0oCTaBIsIeT HaM OoJiblile
JAHHBIX, YEM KOTJa-JIM00 Mpexk/ie, MHOIMM JIFOIIM BCE €I TPYIHO UX MOHSATb.
Jannbie ouenkn ywammuxcs 3a 2019-2021 roasl BBIIBIIIM 3HAYHMTENIbHBIE
npo6enbl B MaTeMaTuke cpean yvyamuxces K-12, uro npuseno k cHmkenuto QL
(HopHn, XsHkok, Capaxauannuc u Bupyner, 2021). Korga 3tu cryaeHTbI
NOOMBAIOTCSL YCIIEXOB WJIM MOCTYNAIOT B KOJUJIEK, HE UMesl TBEPbIX 3HAHUMN
STEM, ™Mbl ymoyckaeM IIAaHC BBIBECTM HX Ha IEpeloBble pPyOeku
KOJINYECTBEHHON I'PaMOTHOCTH. YUHUTHIBasi 0€30TararelbHOCTh CUTYallUH, B
9TOW CTaTh€ OLIEHUBAIOTCS M OOBEIUHSIOTCS CYILECTBYIOIIME KOHLIEMLUU U
onpeaeneHuss QL, KOIMYECTBEHHOIO MBILIUICHUS, HAaBBIKOB cueTa U
MaTEMaTHKH, a TaKKe I YCHUJIEHHS B3aUMOCBSI3U MEXAY MaTeMAaTHUKOH,
craructukoi 1 QL. bonee Toro, aBTop Takxke HaMepeH MPEUI0KHUTh PEIICHMUS,
OCHOBaHHBIE Ha 0030pe JUTEPATyphl O TEKYLIEM COCTOSIHUU KOJIMYECTBEHHOM
IpaMOTHOCTH B o0pazoBanuu K-12 B mocTnaHIeMUYECKyIO 3110XY, ONPEIeIUTh
mpoOJIeMbl U BO3MOKHOCTH Ul pa3paboTKu dPPEKTHBHBIX MEIAaroru4ecKux
crpareruii st QL B o6pazoBanuu K-12. [1o cyTH, 3Ta crarhs npu3BaHa BHECTH
CBOM BKJIaJl B Mpooinkatoluiics pasrosop o QL B chepe o6pazoBanust K-12 u
JlaTh MPEJCTABIECHUE O TOM, KaK IIPENOJABATENN U IOJUTUKU MOTYT JIydlle

24



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

O0yYHTh YYaIlluXCsl HaBBIKAM KOJMYECTBCHHOW IPAMOTHOCTH, HEOOXOIMMBIM
JUISE yCIIieXa B AT0XY MOCIIE MaHEMHH.

* Quantitative Literacy B mepeBoae ¢ anriumiickoro, maince QL (npum.
nepesoouuKa).

La pandemia de COVID-19 es probablemente la crisis mas grave a la que se
haya enfrentado nunca el mundo, ya que ha desbordado nuestros sistemas
educativos y ha puesto a prueba las habilidades de alfabetizacion cuantitativa
(QL) del publico (Madison, 2001). La alfabetizacion cuantitativa se refiere a la
capacidad de comprender y utilizar la informacion numérica y el analisis de
datos en la vida cotidiana (Piercy, 2020; ALA, 1989), una habilidad
fundamental para cualquier ciudadano informado. La importancia de la
alfabetizacion cuantitativa se ha visto acentuada por la constante aparicion de
informacion en la era del "Big Data" y la proliferacion de desinformacion
relacionada con la pandemia (Grawe, 2021).

A pesar de la revolucién digital que nos provee mas datos que nunca, muchos
individuos todavia luchan por entenderlos. Los datos de evaluacién de los
estudiantes de 2019-2021 han revelado lagunas significativas en matematicas
entre los estudiantes de K-12, lo que lleva a una disminucion de la alfabetizacion
cualitativa (Dorn, Hancock, Sarakatsannis, & Viruleg, 2021). Cuando esos
estudiantes progresan o ingresan a la universidad sin bloques sélidos de
conocimientos STEM, desperdiciamos la oportunidad de llevarlos a la
vanguardia de la alfabetizacion cuantitativa. Dada la urgencia de la situacion,
este trabajo evalla y combina los marcos y definiciones actuales de la
alfabetizacion cualitativa, razonamiento cuantitativo, aritmética y matematicas,
asi como refuerza la interrelacion entre matematicas, estadistica y alfabetizacion
cualitativa. Por otra parte, el autor también tiene la intencion de proponer
soluciones basadas en una revision de la literatura sobre el estado actual de la
alfabetizacion cuantitativa en la educacién K-12 en la era post-pandémica,
identificar los retos y oportunidades para el desarrollo de estrategias
pedagdgicas eficaces para alfabetizacion cualitativa en la educacion K-12. En
esencia, este articulo pretende contribuir al debate actual sobre la alfabetizacion
cuantitativa en la educacion primaria y secundaria (K-12) y ofrecer ideas sobre
cémo los educadores y los responsables politicos pueden dotar mejor a los
estudiantes de las habilidades de alfabetizacion cuantitativa necesarias para
tener éxito en la era pospandémica.

Introduction

Quantitative literacy (QL) is a distinct but related field to Mathematics and Statistics that has
emerged as a crucial competency in K-12 education, as it is essential for success in an
increasingly data-driven world. The ability to effectively navigate and interpret numerical and
statistical information is vital not only in STEM fields but also in non-STEM fields, such as
business, finance, and politics (Madison,2001; Steen 2001) . It is of paramount importance that
students acquire competent QL skills, as a lack of these skills can severely limit an individual’s
opportunities and hinder their ability to engage meaningfully in the workforce, manage
personal finances, and make informed decisions in their daily lives.
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The COVID-19 pandemic has had a significant impact on the teaching and learning of
quantitative literacy (QL). The pandemic forced schools and universities to shift to remote
learning, disrupting traditional modes of instruction and assessment (Goldberg, 2021). Student
assessment data from 2019-2021 reveal that this disruption has resulted in substantial
unfinished learning among students, with mathematics performance showing large losses
among K-12 students, and many learning less than they did before the pandemic (Dorn,
Hancock, Sarakatsannis, & Viruleg, 2021). The decrease in mathematics learning gains during
K-12 years suggests that there will be increased difficulties in quantitative reasoning in the
future. This will particularly affect higher education professionals, as they may see a decade of
student cohorts impacted by the pandemic’s effects on mathematics education. Therefore, it is
imperative to consider implementing commitments to quantitative reasoning centers and
curricular reforms that can support the development of students in this critical domain (Grawe,
2022) (Kuhfeld, Soland, Lewis, & Morton, 2022). Now is the time to act and prioritize the
cultivation of quantitative literacy skills in students and enhance their mathematical knowledge
and skills to equip themselves for college life and the future interdependent post pandemic
data-driven era.

Despite the increasing recognition of the importance of quantitative literacy, there remain
significant challenges in implementing effective pedagogical strategies to develop this skillset.
Educators and policymakers must find ways to better equip K-12 students with the quantitative
literacy skills necessary to succeed in the future. They must embed QL standards and
expectations in curriculum frameworks and make feasible educational policies while
addressing the barriers to implementing QL in K-12 curricula. Furthermore, increasing the
number of teachers who teach QL and providing appropriate training is also critical (Ober,
Gjicali, Vianna, & Brooks, 2019); (Elrod,2014; Hughes,2001).

Thus, this paper seeks to review and synthesize existing frameworks, definitions of quantitative
literacy, quantitative reasoning, numeracy, or mathematics and reiterate the relationship
between mathematics, statistics and QL and seeks to provide solutions based on literature
overview of the current state of quantitative literacy in K-12 education in post pandemic era,
highlight the challenges and opportunities for developing effective pedagogical strategies for
QL in K-12 education. Ultimately, the goal of this paper is to contribute to the ongoing
conversation on quantitative literacy in K-12 education and provide insights into how educators
and policymakers can better equip students with the quantitative literacy skills necessary to
succeed in the 21st century.

Historical Development of Quantitative literacy (QL)

Steen and colleagues made their case for Quantitative Literacy based on the premise that the
21st century, primarily due to technology changes, is a significantly more quantitative
environment than any previous time in history (Steen, 2001). QL has a long history dating back
to ancient civilizations. The origins of QL can be traced back to ancient times when humans
first began counting and using numbers for practical purposes. Archaeological evidence shows
that the Sumerians in Mesopotamia developed a complex system of writing and mathematics
around 4000 BCE (Mastin, 2020). The ancient Egyptians also developed a sophisticated system
of numerals, which they used for accounting and building the pyramids. In ancient Greece,
philosophers like Pythagoras and Plato believed that mathematics was essential for
understanding the universe and the natural world. They saw numbers as the building blocks of
reality and believed that everything in the world could be explained through mathematical
principles. During the Middle Ages, QL was primarily the domain of scholars and the clergy,
who used it for astronomy, astrology, and other pursuits. In the Renaissance, however, QL
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became more widespread, and merchants and traders began using it for commerce and finance
(Gray et al.,2023; Steen, 2001).

In early 20th century, scholars began advocating for mathematics education to be more relevant
to real-life situations. The idea was that mathematics should not be taught in isolation but
should be connected to real-world problems and situations. This led to the development of
“everyday mathematics” curricula, which aimed to teach students the practical applications of
mathematics in everyday life (Klein, 2003). During the 1970s and 1980s, educators began
recognizing the importance of QL as a distinct area of study. They realized that mathematical
literacy was essential for success in the workforce and everyday life(Madison,2001; Steen,
2001). QL was seen as a critical component of a well-rounded education that could provide
students with the skills they needed to function effectively in society.

The advent of computers and the proliferation of data in the 21st century has further
emphasized the need for QL skills. Today, QL is recognized as an essential skill set in a data-
driven society (Roohr, Graf, & Liu, 2014); (Bernard & Arthur, 2003); (Akar, Zembat, Arslan,
& Thompson, 2022). Educators are increasingly integrating QL into their curricula, and many
institutions have developed specialized courses and programs that focus on QL. There are also
national and international initiatives that aim to promote and improve QL education (Miller,
2010).

Existing Definitions of Quantitative Literacy (QL)

Alternative terms for QL include Quantitative Reasoning, Numeracy, Mathematical Literacy,
and Data Literacy (Bernard & Arthur, 2003). These terms share similar goals and objectives
with QL, which is to equip individuals with the necessary skills and knowledge to use
quantitative methods effectively in everyday life. However, these terms may have different
emphases, and they may be used in different contexts depending on the specific goals of the
educational program or initiative (Steen, 2001); (Engel, 2022). Although these terms are often
used interchangeably, they exhibit subtle variations in their definitions. To address these
nuances, Vacher (2014) utilized WordNet, an online lexical database for English, to
disambiguate these terms. Based on the findings, Vacher proposed four core components that
correspond to these terms, which include 1)proficiency with numbers and mathematics, 2)the
ability to comprehend material containing quantitative information,3) logical and coherent
reasoning involving quantitative information, and 4) a willingness to engage with quantitative
information (Vacher, 2014). Nonetheless, the proposed categorizations have the potential to
provide greater clarity and precision when referring to the use of quantitative skills in various
contexts (Roohr, Graf, & Liu, 2014).

Based on the different sources of definition of QL, National Adult Literacy Survey
(NAAL)assessment questions were developed to permit measurement of quantitative literacy
and define QL as the following:
“The knowledge and skills required to apply arithmetic operations, either alone or
sequentially, using numbers embedded in printed material (e.g., balancing a
checkbook, completing an order form)” (Kattan, 2009)

International Life Skills Survey (ILSS, 2000):
“An aggregate of skills, knowledge, beliefs, dispositions, habits of mind,
communication capabilities, and problem-solving skills that people need in order to
engage effectively in quantitative situations arising in life and work.” (Ruthven, 2016)
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International Student Assessment (OECD,2003b); (Demir(Ed), 2021):
“An individual’s capacity to identify and understand the role that mathematics plays
in the world, to make well-founded mathematical judgements and to engage in
mathematics in ways that meet the needs of that individual’s current and future life as
a constructive, concerned and reflective citizen”.

The existing frameworks of quantitative literacy definition can be broadly categorized into two
main approaches: (1) those that emphasize technical skills and (2) those that focus on broader
concepts related to quantitative reasoning (Roohr, Graf, & Liu, 2014). The technical skills
approach emphasizes the importance of developing mathematical and statistical skills that are
necessary for individuals to understand and analyze quantitative information in various
contexts. This approach often involves defining quantitative literacy as the ability to perform
basic mathematical operations, interpret statistical data, and use mathematical and statistical
models to solve real-world problems (Dingman & Madison, 2010). The broader concepts
approach, on the other hand, focuses on developing a deeper understanding of the role that
quantitative information plays in various contexts, such as business, science, and public policy.
This approach emphasizes the importance of critical thinking and problem-solving skills in
interpreting and analyzing quantitative information (Dole & Geiger, 2018); (Akar, Zembat,
Arslan, & Thompson, 2022); (Demir(Ed), 2021). It often involves defining quantitative literacy
as the ability to understand and evaluate quantitative information, as well as to use quantitative
reasoning to make informed decisions (Steen, 2001).While these two approaches represent
different perspectives on defining quantitative literacy, they share commonalities in terms of
their emphasis on the importance of quantitative skills in everyday life.

Existing frameworks and standards in K-12

Several frameworks and standards for quantitative literacy (QL) have been proposed by K-12
experts and practitioners. The most well-known K-12 standards relevant to quantitative
literacy are the Common Core State Standards for Mathematics developed by the Council of
Chief State Officers (CCSSO) and the National Council of Teachers of Mathematics (NCTM)
Standards (Common Core State Standards, 2022). The Common Core State Standards for
Mathematics (CCSSM) are the culmination of extensive research and development efforts by
the National Council of Teachers of Mathematics (NCTM) aimed at defining the fundamental
mathematics concepts and outlining the mathematical concepts and skills that students should
acquire at each grade level (NCTM,1980). The standards include a focus on developing
students’ quantitative reasoning skills, such as the ability to analyze data, understand
probability, and solve real-world problems. NCTM's contributions to the field of mathematics
education began with the creation of the Curriculum and Evaluation Standards for School
Mathematics in 1989, which was later updated and revised as the Principles and Standards for
School Mathematics in 2000. In response to concerns regarding the coherence and depth of the
mathematics curriculum before high school, the Council released the Curriculum Focal Points
for Pre-kindergarten through Grade 8 Mathematics: A Quest for Coherence in 2006. (Fennell,
2006) and advocating practical changes to the high school mathematics curriculum to refocus
learning on reasoning and sense making, respectively. These NCTM publications have
significantly influenced the development of mathematics education standards worldwide.
Furthermore, in 2009, NCTM published Focus in High School Mathematics: Reasoning and
Sense Making to promote the development of reasoning habits in high school mathematics.
Subsequently, NCTM published four more books in the Focus in High School Mathematics
series, each covering specific topics, since the initial publication in 2009 (Larson, 2011).
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The NCTM Standards evolved over several years, beginning with the 1980 report An Agenda
for Action (NCTM, 1980), an important precursor to the NCTM Standards documents. A set
of events and circumstances took place in the 1980s that spurred the need for standards and for
national direction in mathematics education (NCTM,1997). NCTM’s published Principles to
Actions: Ensuring Mathematical Success for All (Mirra, 2014) describes the principles and
actions, including specific research-informed teaching practices, that are essential for a high-
quality mathematics education for all students. The newest version is 2020version
(NCTM,2020). The NCTM has developed a set of standards that focus on developing students’
mathematical proficiency in various areas, including number and operations, algebra,
geometry, measurement, and data analysis and probability and emphasize the importance of
developing students’ ability to reason mathematically, communicate mathematical ideas, and
make connections between mathematical concepts.

Existing frameworks and standards in national and international organizations

PISA 2022 Mathematics Framework includes a focus on developing students’ mathematical
skills, which are defined as “Mathematical literacy is an individual’s capacity to reason
mathematically and to formulate, employ, and interpret mathematics to solve problems in a
variety of real-world contexts. It includes concepts, procedures, facts, and tools to describe,
explain, and predict phenomena. It helps individuals know the role that mathematics plays in
the world and make the well-founded judgments and decisions needed by constructive,
engaged, and reflective 21st Century citizens.” This framework defines the theoretical
underpinnings of the PISA mathematics assessment based on the fundamental concept of
mathematical literacy, relating mathematical reasoning and three processes of the problem-
solving (mathematical modelling) cycle. The framework describes how mathematical content
knowledge is organized into four content categories. It also describes four categories of
contexts in which students will face mathematical challenges (OECD, 2022)(See figure 1:
PISA mathematics framework).

Much has changed since the American Statistical Association (ASA) endorsed the Guidelines
for Assessment and Instruction in Statistics Education College Report (hereafter called the
GAISE College Report I) in 2007. The guidelines emphasize the importance of developing
students’ ability to use statistical concepts and methods to make informed decisions and solve
real-world problems by multivariable thinking (Christine, et al., 2007); (GAISE 1,2007). Then
in 2020, GAISE |1 offers an update to the original report as GAISE I. Through the statistical
problem-solving process, GAISE Il pushes students to problem solve with data (Bargagliotti,
et al., 2020): “It is critical that statisticians, or anyone who uses data, be more than just data
crunchers. They should be data problem solvers who interrogate the data and utilize
questioning throughout the statistical problem-solving process to make decisions with
confidence, understanding that the art of communication with data is essential.” (GAISE
11,2020).

The National Assessment of Educational Progress (NAEP) Framework for Mathematics is
given every two years to students at grades 4 and 8, and approximately every four years at
grade 12. This framework outlines the mathematical concepts and skills that students should
acquire at each grade level. The mathematics framework was updated in 2005 and again in
2009. Survey questionnaires, administered to students, teachers, and school administrators who
participate in a mathematics assessment, are used to collect, and report contextual information
about students’ learning experience in and out of the classroom. The framework includes a
focus on developing students’ ability to reason mathematically, solve problems, and
communicate their reasoning effectively (NAEP, 2022).
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Figure 1: PISA mathematics framework

The United Nations Educational, Scientific and Cultural Organization (UNESCO) in Education
2030 proposed the Sustainable Development in which Goal 4 target was “By 2030, ensure that
all youth and a substantial proportion of adults, both men and women, achieve literacy and
numeracy”’. The goal also emphasizes the provision of learning opportunities so that all youth
and adults acquire functional literacy and numeracy and so as to foster their full participation
as active citizens for achieving sustainable development goals (UNESCO, 2016).

A significant Australian model incorporates four dimensions of settings/contexts, mathematical
knowledge, tools, and dispositions that are embedded in a critical orientation to using
mathematics. These dimensions are described more fully in other publications (Goos, Dole, &
Geiger, 2012) and illustrated in Figure 2 below.
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Figure 2: Australian model

The conceptualization of QL by this model encompasses the ability to apply mathematical
knowledge across various contexts, both within and outside of educational environments. This
includes two key dimensions: firstly, possessing favorable attitudes towards mathematics, and
possessing the confidence, readiness, and flexibility to employ mathematical approaches and
knowledge in real-life situations; and secondly, using physical materials and tools, as well as
various forms of representation such as symbol systems, graphs, maps, diagrams, drawings,
tables, and digital tools like computers, software, calculators, and the internet, to support and
shape mathematical actions and thinking (Goos, Dole, & Geiger, 2012).

Current Status of QL in the K-12 School Curriculum

Potential challenges in QL education in K-12 School Curriculum

Achieving successful development of QL education for K-12 students requires significant
changes to curriculum, policy, teacher preparation, and educational research (Weiland &
Engledowl, 2022). This section provides a critical review of the current state of curriculum and
policies related to K-12 QL education. The author identifies several challenges that must be
addressed in order to effectively teach QL to K-12 students. Possible action steps and directions
are proposed for overcoming these challenges, with an emphasis on innovative approaches to
curriculum design, teacher professional development, and effective use of educational
technologies.

Despite the growing recognition of the importance of QL education in K-12 schools, significant
challenges exist in its implementation. Foremost among these challenges is the limited teacher
training in QL instruction and assessment, as many K-12 teachers lack the specialized
knowledge and skills necessary to teach QL skills effectively (Guerriero, 2019); (Hammond,
Hyler, Gardner, & Espinoza, 2017); (Cooper, Caballero, May, Hartley, & Jardeleza, 2015) . In
addition, limited time and resources are significant challenges, with K-12 schools often facing
pressure to prioritize other subjects considered more important or tested on standardized exams
(Aydin, Ozfidan, & Carothers, 2017). A further challenge is the limited curriculum alignment
across subject areas, as QL skills are relevant to multiple subjects. Limited access to technology
and data analysis tools, which are crucial for QL education, is another challenge faced by K-
12 schools (Johnson, Jacovina, Russell, & Soto, 2016); (Basar, Mansor, Jamaludin, & Alias,
2021). Finally, limited student interest and engagement are significant challenges, with many
students failing to see the relevance of QL skills to their daily lives and future careers (Tunstall,
Matz, & Craig, 2016). Addressing these challenges requires a concerted effort by educators,
policymakers, and other stakeholders to prioritize QL education and provide the necessary
training, resources, and support to ensure that students have the skills they need to succeed in
an increasingly data-driven world.

K-12 School Curriculum and Policy related Backgrounds

The enacted curriculum is an essential aspect of the teaching and learning process and can have
a significant impact on students' academic achievement and overall educational outcomes
(Weiland & Engledowl, 2022). The intended curriculum, which is the curriculum that teachers
plan for their students, plays a critical role in shaping the enacted curriculum. However, it is
not the only factor that influences the curriculum in the classroom. The instructional materials
used in the classroom, such as textbooks, worksheets, and digital tools, can also impact the
enacted curriculum(Remillard & Heck, 2014; Stein et al., 2007). Furthermore, the teachers’
knowledge, beliefs, attitudes, identities, and perceived obligations can also play a significant
role in shaping the enacted curriculum(OECD,2009).Teachers’ content knowledge,
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pedagogical content knowledge, and pedagogical knowledge are all crucial factors that impact
the quality of instruction and the curriculum in the classroom (Ball et al., 2008); (Hill et al.,
2008); (Weiland & Engledowl, 2022).

Moreover, the policy-level factors that shape the official curriculum can also impact the
enacted curriculum (Bouck, 2008). The curriculum standards set by the government or other
educational organizations define the desired aims and objectives of the curriculum (Weiland &
Engledowl, 2022). These standards often shape the designated curriculum and influence the
content of consequential assessments like high stakes standardized tests. The focus on
standardized testing in the United States has led to a narrowing of the curriculum, as teachers
prioritize teaching the content that will be tested rather than a broader range of knowledge and
skills (Au, 2007; Remillard & Heck, 2014).

Since its introduction in 2009, the Common Core State Standards in Mathematics (CCSSM;
National Governors Association Center for Best Practices [NGA Center] & Council of Chief
State School Officers [CCSSO], 2010) has significantly impacted the K-12 mathematics
curriculum in the United States (Weiland & Engledowl, 2022). Until the year of 2023, the
Common Core State Standards for Mathematics (CCSSM) were adopted by 46 states in the
United States, with Kentucky being the first to do so. However, Virginia, Texas, Alaska, and
Nebraska did not adopt the Standards. Among the states that initially adopted the Standards,
Arizona, Oklahoma, Indiana, and South Carolina successfully withdrew from the curriculum
(NCTM, Common Core State Standards, 2023).

The CCSSM called for an increase in the scope and rigor of statistics education in K 6-12,
thereby providing a new opportunity for the teaching of data science in secondary schools.
However, the number of statistics concepts taught in the elementary grade levels (K-5) was
significantly reduced, particularly around probability content, which has been criticized even
by some of the authors of the CCSSM standards (Confrey, 2010). This shift has raised concerns
about whether students will be adequately prepared to engage with the increased depth and
breadth of the middle grades’ statistics and probability standards. Furthermore, since the
introduction of the CCSSM, there have been political shifts that have resulted in policy shifts,
leading some states to abandon the CCSSM standards in favor of creating their own standards
(Greer, 2018). Additionally, many states undergo standards review process every 10 years,
meaning that many states have reviewed their standards since adopting the CCSSM, potentially
leading to further changes in the mathematics curriculum (Weiland & Engledowl, 2022);
(Loveless, 2021).

Due to some states never adopted it( such as Virginia, Texas, Alaska, and Nebraska),
contributing to the existing variability in opportunities to learn statistics (Weiland & Sundrani,
2022). Even among the states that adopted the CCSSM, there is significant variability in how
the statistics standards are implemented in K-8 education. Weiland and Sundrani’s (2022) study
found that only 21 states followed the CCSSM statistics standards to fidelity in their K-8
standards document as of 2021. In addition, high school teachers often report not teaching
many of the statistics standards in their curriculum due to the lack of assessment in standardized
tests (Remillard & Heck, 2014). As the saying goes, ‘what is tested is what gets taught,” which
highlights the impact of standardized testing on the enacted curriculum. This variability and
inconsistency in statistics education across states may result in unequal access to important
skills and knowledge, which may further widen achievement gaps (Weiland & Engledowl,
2022).
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Over the past few years, standardized assessments have gained significant importance in
several states in the United States. This development has had a considerable influence on the
curriculum taught in classrooms, as highlighted by Wilson (2007) and Jimenez & Boser (2021).
The emphasis on these assessments has grown more pronounced due to federal policies such
as the No Child Left Behind Act of 2001 (H.R.1 - 107th Congress, 2002) and the Race to the
Top Act of 2011 (H.R.1532 - 112th Congress, 2011). Consequently, some states have started
making staffing decisions based on value-added models, which have faced criticism for their
limited validity evidence from various sources, such as the American Statistical Association
(2014), Goldhaber (2015). Teachers may feel increased pressure to ensure their students
perform well on standardized assessments, which can have detrimental effects on the
curriculum they teach (Bouck, 2008); (Weiland & Engledowl, 2022). The trend towards
standardized assessments has impacted the classroom curriculum, resulting in a narrower focus
on tested content rather than a broader range of subjects (Au, 2007; Remillard & Heck, 2014).
This is particularly concerning in subjects such as math, which already has limited time to
cover necessary content. Despite these concerns, standardized assessments remain pervasive
in many states and play a significant role in shaping the curriculum.

Current status of QL in some states K-12 curriculum in US

Despite the existing background, there are some promising developments and potential areas
for the field to intervene and promote the transformation of the curriculum to benefit future
generations. The state of Texas has historically not adopted the Common Core curriculum;
rather, in 1997, it developed its own K-12 Mathematics curriculum, known as the Texas
Essential Knowledge and Skills (TEKS). The TEKS system was established to create a
comprehensive set of curriculum standards, which outline the educational requirements for
each subject area (Texas Essential Knowledge and Skills, 2017).While there may be some
material overlap with the Common Core curriculum, Texas has undergone revisions to its
Mathematics curriculum since 2017. These changes include an increased emphasis on
quantitative literacy and real-world applications of mathematics, such as data analysis and
personal finance. This updated curriculum requires students to apply mathematical process
standards in order to solve problems through the collection, organization, display, and
interpretation of data. Moreover, students are expected to apply these same mathematical
process standards to effectively manage their financial resources and ensure lifetime financial
security (Study of the Essential Knowledge and Skills and Assessment Instruments, 2016).

According to Weiland and Engledowl (2022), California is one of more than 40 states that have
committed to using the Common Core State Standards, which were developed by the Council
of Chief State School Officers and National Governor's Association. In the California
mathematics framework, there has been a concerted effort to integrate data science into the K-
8 curriculum through the combination of recommendations from both the Common Core State
Standards for Mathematics (CCSSM) and the Guidelines for Assessment and Instruction in
Statistics Education 1l (GAISE I1) report. Specifically, the framework includes an entire
chapter dedicated to providing guidance on how to incorporate data science into the curriculum
for these grade levels. This integration is intended to foster a deeper understanding of statistical
reasoning, modelling, and problem-solving among students, which will better prepare them for
the demands of the 21st-century workforce. In addition to the K-8 curriculum, the new
California mathematics framework also provides guidance for high school-level coursework in
data science(CDE,2021). There are two pathways for this instruction: the first is a set of
experiences and expertise in data science that is common for all high school students, while the
second is a more focused pathway designed for students with a particular interest in data
science. The framework recognizes the growing importance of data science as a field of study
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and the need for students to develop the skills necessary to analyze, interpret, and communicate
data effectively.

In the 2013-2014 school year, Maryland introduced new, higher standards for student learning,
known as the Maryland College and Career-Ready Standards, which were adopted in all
schools across the state. These standards were designed to prepare students for the demands of
college and the workforce by emphasizing critical thinking, problem-solving, and collaboration
(MSDE, 2014).

Similarly, since late 2017, New York has been in the process of shifting away from Common
Core, opting instead to develop a new set of guidelines for Math and English Language Arts
known as "Next Generation Learning Standards.” These new standards are set to be rolled out
in 2020, with new testing beginning in early 2021. The revised curriculum places a greater
emphasis on the development of quantitative literacy and mathematical modeling, which are
key skills required for success in the 21st-century economy (NYSED, 2017).

These are just few examples of states that have incorporated quantitative literacy into their
mathematics curricula in different ways. Other states may have adopted similar or different
approaches to addressing the needs of their students in this area.

Strategies for Developing Quantitative Literacy

After providing a background on the current state of quantitative literacy (QL) education in K-
12, it is crucial to explore potential future directions regarding our research focus in the
introduction part. To fulfil the urgent need of K-12 QL education curriculum transformation in
the post pandemic era, partnerships across disciplines and stakeholders must be established.
This includes educators and researchers in mathematics, statistics, data science, and computer
science, as well as policymakers, teachers, parents, and students. Given the interdisciplinary
nature of QL, collaboration across fields is essential for successful implementation.

At the educators’ level, QL teaching effectiveness can be influenced by several critical factors,
as the author mentioned before, including the teachers’ background and training, understanding
of QL, and pedagogical approach. Research indicates that teachers with strong backgrounds in
mathematics and statistics are more likely to teach QL effectively, and those trained in QL
teaching methods can better assist their students in developing QL skills (Williams, M, &
SanGiovanni, 2021). At the policymaker level, numerous factors can affect the course
curriculum’s QL integration, such as national and state educational standards, funding and
resource allocation, and teacher certification and training requirements. Educational standards
that prioritize QL can encourage the development of QL curricula at the local level, while
adequate funding and resources can support QL curricula and programs (NGA, 2021).
Moreover, teacher certification and training requirements that emphasize QL can better prepare
teachers to teach QL to their students effectively (Boyd, Goldhaber, Lankford, & Wyckoff,
2007). Drawing on Remillard and Heck's (2014) curriculum enactment process framework,
we emphasize the importance of strategic planning, teacher professional development, and the
creation of standards-aligned resources.

Official Curriculum

1. Rethink high school mathematics and engage in state level curriculum standards reviews and
/or revision process to create an interdisciplinary partnership that involves high schools,
colleges, and universities (Steele & Bahi , 2008); (Steen, 2001) Literatures suggest that high
schools should work in partnership with colleges and universities to provide more
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interdisciplinary mathematics courses that are relevant to real-world situations. By
collaborating with higher education institutions, high schools can create mathematics courses
that are more aligned with college-level work and workplace requirements and can better
prepare students for post-secondary education and careers (Moussa, Barnett, Brathwaite, Fay,
& Kopko, 2020); (Mintz, 2022).

Operational Curriculum

2. Rethink college quantitative literacy requirements and encourage partnership among
departments (Steen, 2001): This literature emphasizes the importance of inter-departmental
collaboration in designing and implementing quantitative literacy requirements in college.
Rather than leaving QL to mathematics or statistics departments, colleges can create
partnerships among various departments, including social sciences, natural sciences, and
humanities, to develop a more comprehensive and integrated approach to QL. Such suggestions
also got supported by Mintz (2022), the author claimed that Math instruction “has much to
correct [because] the subject and community of mathematics has a history of exclusion and
filtering, rather than inclusion and welcoming.” To better motivate students and prepare more
students for success in STEM fields, a data science/QL pathway as an alternative to the standard
Algebra 11, precalculus and calculus sequence (Mintz, 2022).

3.Teach quantitative literacy “across the curriculum”: This approach to teaching QL suggests
that QL should not be limited to mathematics or statistics courses but should be integrated
across various subjects in the K-12 curriculum. This can include incorporating data analysis
and visualization in science classes, financial literacy in social studies classes, and
mathematical modeling in English classes. By embedding QL in multiple disciplines, students
can see the relevance of QL to real-world situations, and develop a more holistic understanding
of QL (Shelley & Geiger, 2020); (Goos&Sullivan,2022); (Steele & Bahi , 2008).

4. Incorporate content and pedagogy into teacher education to support K-12 teachers and
preservice teachers in integrating key learning objectives or big ideas of QL into the K-12
curriculum (Ertmer & Leftwich, 2012). This recommendation highlights the need for teacher
education programs to provide training and resources to K-12 teachers in order to integrate QL
into their classroom instruction. This can include providing teachers with content knowledge
in QL and pedagogical strategies for teaching QL, as well as professional development
opportunities to improve their QL skills (Guerriero, 2019); (Cooper, Caballero, May, Hartley,
& Jardeleza, 2015).

5.Create a public and policy dialogue about the uses of quantitative literacy (Steen, 2001).
There needs to be a broader conversation about the importance of QL in society and the
workforce. Society doesn’t expect all students to be equally talented at art, music, or athletics.
Should we expect all students to become proficient in math and statistics? Many Americans
struggle with math and experience anxiety, with 17% of the population experiencing high
levels of math-related anxiety and 3-7% having dyscalculia, a math-specific learning disability.
Better teaching, mindset training, attention, and a culturally relevant curriculum can improve
math achievement, as the gaps in performance are attributed to instruction and attitudes (Mintz,
2022). This can involve engaging policymakers, employers, and the public in discussions about
the relevance of QL to everyday life, and the need to integrate QL into educational curricula
and workplace training programs. By creating a public and policy dialogue around QL, it can
help to raise awareness and promote the importance of QL for individuals and society as a
whole.
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Entire Curriculum process
6. Conduct research related to recommendations 1-5 on the teaching and learning of data
science in K-12 settings.

By considering these recommendations, educators and policymakers can work towards
creating a more comprehensive and effective QL curriculum that prepares students for
success in their future academic and professional pursuits.

Conclusion, Implications and Recommendations for Further Studies

The transformation of curricula to include quantitative literacy (QL) skills is an urgent matter,
especially in the context of the COVID-19 pandemic and the rapidly evolving field of Al-
powered technology. The pandemic has led to significant learning loss in mathematics among
K-12 and K-16 students, making it even more crucial to incorporate QL skills into education.
The six recommendations for curricular transformation proposed in this study require
significant financial and time commitments, particularly in K-12, K-16, and higher education,
to begin the process of transforming the education system (Mintz, 2022). To facilitate this
process, governmental organizations and agencies should provide robust support for
transformational efforts. This could involve working with state legislators to secure funding
and with Department of Education officials to support program development and strategic
hiring. As schools increasingly demand QL, data science, statistics options as part of the
mathematics curriculum, higher education institutions should create tenure-track positions in
data science education and develop new courses and programs to prepare teachers for the new
demands, and the K-12 schools also should start to add more bridge courses for students to
prepare these course and programs in their future college education (Engel, 2022). It is essential
to meet these ambitious goals now, as the world is changing rapidly, and educational
transformation is needed to support students in developing the literacies they need for today’s
world. Failure to equip our children with a strong background in QL and mathematics may
result in losing our position as a leading STEM country in the world (George Fomunyam,
2020).

It is also worth noting that the pandemic has highlighted the need for a shift in education
systems worldwide, with an emphasis on incorporating technology to facilitate distance
learning and online collaboration. The adoption of Al-powered technology has accelerated
significantly, further increasing the demand for QL skills in various fields. The Directorate for
Science, Technology, Engineering, and Mathematics (STEM) Education of the National
Science Foundation (NSF) in the United States is committed to promoting the development of
a knowledgeable population and a diverse workforce, comprising scientists, engineers,
technicians, mathematicians, and educators. The NSF funds a range of innovative research and
evaluation programs across all STEM disciplines, including QL education in K-12 and higher
education. In alignment with this objective, a new funding opportunity, Science and
Technology Centers for Integrative Partnerships, has been initiated by the NSF, with an
allocation of up to $30,000,000 annually, to further enhance QL education in K-12 and higher
education settings. The Science and Technology Centers for Integrative Partnerships
opportunity is designed to provide support for long-term, interdisciplinary research, education,
and outreach activities aimed at addressing complex challenges in STEM and QL education
(NSF,2021). This also highlights the importance of collaboration between governmental
organizations, educational institutions, and policymakers in promoting and supporting QL
education. The suggestions of this study also indicate the need for additional research to
investigate the progress and status of QL education in various countries, with a particular focus
on their K-12 and K-16 education systems. A comparative analysis of the implementation of
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QL prepared courses in higher education college-level courses in different countries is crucial
to identify effective strategies for bridging the gap between K-12 and higher education.
Moreover, it is important to examine the effectiveness of integrating QL courses across the
curriculum in pilot schools, if any, to identify the best practices for promoting students’ long-
term academic performance and teachers’ professional development. Such research can
contribute to improving the overall quality of QL education worldwide and support
policymakers and educators in developing evidence-based approaches to promote student
success and lifelong learning.

The strengthening of quantitative literacy is crucial, but not the sole aspect that requires
attention. Social science thinking and scientific methods also necessitate proficiency.
Prioritizing one literacy over another is unwarranted since all are indispensable. The resolution
of the QL wars poses a challenging task, as they have persisted for a prolonged period. The
existence of mathematical illiteracy creates a barrier that restricts possibilities and potential,
which all sides acknowledge. We must refrain from echoing the dismissive catchphrase “Math
class is tough™ and instead recognize the significance of mathematics. As Galileo observed, the
language of mathematics is fundamental to understanding the natural world. Therefore,
quantitative literacy must become a collective obligation that pervades the curriculum in K-12
education in the post-pandemic era to equip future generations with the necessary skills to
thrive in an ever-evolving world.
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Improving Secondary Education through High-Quality Teacher Training

William Maner
University of Southern Mississippi, USA

At the beginning of the 21% century, the United Nations had an ambitious goal
for all children in the world to attend primary school by 2015 (UN, 2000).
Fifteen years later, this goal was nearly achieved when the UN reported that
91% of these children in school (UN, 2015)). Children around the world, who
previously had limited opportunities, are now receiving some sort of education.
This is a start, but this goal does not reflect schooling through secondary school.
How do we keep children in education through high school and increase
enrollment in higher education? Each year education increases world-wide, so
do other variables. Those in rural and non-developed areas are more likely to
have less schooling—in terms of quantity and quality—for various reasons: lack
of teachers, resources, low view of education, competing economic family
needs, gender, and socioeconomics. As developing countries strategize to
increase education, quality education is key. Research has also shown that
quality is at issue in many developing countries. Economists have identified
many inputs that affect the quality. One of the inputs is teacher quality. In
developing countries, the educational requirements and training for teachers and
their professional development can vary. What follows is a literature review on
teacher training requirements and professional development in developing
countries, with emphasis in Latin America. After the review, common themes
are identified, and potential direction are recommended to help improve the
quality. Knowledge of “best practices” in preservice training and professional
development can then be applied by governments and organizations to improve
school quality for students into and beyond the secondary level.

Key words: Educational training, preservice training, professional development (PD),
quality education, literacy, numeracy, 21% century skills
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Au début du XXle siécle, les Nations Unies avaient un objectif ambitieux : que
tous les enfants du monde frequentent I'école primaire d'ici 2015 (ONU, 2000).
Quinze ans plus tard, cet objectif était presqu’ atteint, puisque I'ONU a rapporté
que 91% de ces enfants étaient scolarisés (ONU, 2015). Les enfants du monde
entier, qui avaient auparavant des opportunités limitées, recoivent désormais
une forme d'éducation. C'est un début, mais cet objectif ne refléte pas la
scolarisation au-dela de I'école primaire. Comment maintenir les enfants dans
le systeme éducatif jusqu'au lycée et augmenter l'inscription dans
I'enseignement supérieur ? Chaque année, I'éducation augmente dans le monde
entier, de méme que d'autres variables. Ceux des zones rurales et non
développées sont plus susceptibles d'avoir une éducation moindre, en termes de
quantité et de qualité, pour diverses raisons : manque d'enseignants, de
ressources, de faible considération pour I'éducation, besoins économiques
concurrents de la famille, genre et socio-économie. Alors que les pays en
développement élaborent des stratégies pour accroitre I'éducation, I'éducation
de qualité est cruciale. La recherche a également montré que la qualité pose
probleme dans de nombreux pays en développement. Les économistes ont
identifié de nombreux éléments qui influent sur la qualité. L'une de ces variables
est la qualité des enseignants. Dans les pays en développement, les exigences
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éducatives, la formation des enseignants et leur développement professionnel
peuvent varier. Ce qui suit est une revue de la littérature sur les exigences en
matiere de formation des enseignants et le développement professionnel dans
les pays en développement, en mettant I'accent sur I'Amérique latine. Aprés la
revue, des themes communs sont identifiés, et des orientations potentielles sont
recommandées pour contribuer a améliorer la qualité. La connaissance des
"meilleures pratiques” en matiere de formation initiale et de développement
professionnel peut ensuite étre appliquée par les gouvernements et les
organisations pour améliorer la qualité scolaire des éléves du niveau secondaire
et au-dela.

B nauane 21 Beka Opranmzaunus OObeauHeHHbIX Hanumii mocraBmiia mepen
co00if aMOMIIMO3HYIO TIeNIb, YTOOBI BCE JACTH B MHUPE MOCEUIAIM HAaYaIbHYIO
mkosry k 2015 roxy (OOH, 2000). IlstHanuaTe JeT chycTs 3Ta Leidb Oblia
oyt aocturayrta, korma OOH coobmmuna, uro 91% 3TUX AeTel mocemarT
mkonmy (OOH, 2015). Jeru mo BceMy MHUPY, KOTOpbIE paHEe HMEIU
OrpaHHYEHHbIE BO3MOKHOCTH, TETEPh MOITy4aloT Kakoe-To oOpa3oBaHue. ITO
TOJIKO Ha4yaJlo, HO 3Ta LIeJIb He OTpaxkaeT oOy4yeHue B cpeaneit mkosne. Kak Ham
COXpaHUTh JCTeH B CTApPIIMX KJIACCaX U YBEIUYUTh YUCIO MOCTYHAIOIIUX B
BhICIIHE YueOHbIe 3aBefeHus? C KaXapIM IOJ0M YPOBEHb 00pa30BaHUS PacTET
BO BCEM MHUpE, KaK U JIpyrue rnepeMeHHble. JKUTenu celbCKUX U Hepa3BUTHIX
paiioHOB, CKOpee BCEero, OyAyT MoJIydyaTh MEHbIIIEE MIKOIbHOE 00pa3oBaHue - ¢
TOYKH 3pEHUSI KOJMYECTBA M KayecTBa — I10 Pa3HbIM MpPUYMHAM: HEXBaTKa
yudTelIeH, pecypcoB, HHU3KUKA YpOBEHb OO0pa3oBaHUs, KOHKYpUPYIOILKE
HKOHOMHYECKHE MOTPEOHOCTH CEMBH, I'eHJIEP U COIIMaIbHO—3KOHOMUYECKHE
¢baxTopsl. [1oCKOIBKY pa3BHBArOIIMECS CTPaHBl pa3pabaTHIBAIOT CTPATETHIO
MOBBILLIEHUS! YPOBHS 00pa30BaHUs, KIOYEBOE 3HAUEHUE UMEET KaUyeCTBEHHOE
oOpazoBanue. lccnenoBaHusi Takke IIOKa3ajld, 4YTO KadeCTBO SIBISETCS
po0JIeMOl BO MHOTMX Ppa3BUBAIOLIUXCA CTPaHaX. DKOHOMHCTBI BBISBHIIN
MHO’KECTBO (DaKTOPOB, BIUAIOIINX HA KauecTBO. OHUM U3 (PaKTOPOB SBIAETCS
KauecTBO TMpernojaBaTeneil. B pasBuBaronimxcs crpaHax TpeOOBaHUS K
00pa30BaHMIO M MOATOTOBKE YUHUTENIEH M MX NMPOPECCHOHATHLHOMY Pa3BUTHIO
MOTryT pasznuyarbea. Huke crnemyer o030p auTeparypbl O TpeOOBaHUSAX K
MOATOTOBKE yuduTeNed U Mpo(hecCHOHATFHOM Pa3BUTHH B Pa3BUBAIOIIMXCS
CTpaHax, ¢ akiieHToM Ha Jlatunckyto Amepuky. [locie ananusa onpenensrorcs
oO0111e TeMbI M PEKOMEHIYIOTCSI BO3MOKHBIE HAIIPaBJICHUSI, KOTOPbIE IIOMOTYT
YJIY4IIUTh Ka4eCTBO. 3HAHUS O “NydIIUX MPaKTUKax B 0OJACTH OOy4deHHs U
MOBBINICHUST KBATU(HUKAIMKU B chepe OXpaHbl OKPYKAIOIIEH Cpelnbl 3aTeM
MOTYT OBITH IPUMEHEHBI TPABUTEIHCTBAMHU U OPTaHU3ALMSAMU JJI YITYUIICHUS
KauecTBa 00yUYEHHS yJallluXcsl B CPEHEH IKOJIE U 3a €€ MpeesiaMu.

A principios del siglo XXI, las Naciones Unidas tenian el ambicioso objetivo de
que todos los nifios del mundo asistieran a la escuela primaria hacia 2015 (ONU,
2000). Quince afos después, este objetivo estuvo a punto de ser alcanzado
cuando la ONU informé de que el 91% de estos nifios estaban escolarizados
(ONU, 2015). Los nifios de todo el mundo, que antes tenian oportunidades
limitadas, reciben ahora algtin tipo de educacion. Esto es un comienzo, pero este
objetivo no refleja la escolarizacién hasta la escuela secundaria. ;Como
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podemos mantener a los niflos escolarizados hasta la ensefianza secundaria y
aumentar la matriculacion en la ensefianza superior? Cada afio aumenta el
tamano de la educacion en todo el mundo, al igual que otras variables. Los
habitantes de zonas rurales y no desarrolladas tienen més probabilidades de
acceder a la escolarizacion -en términos de cantidad y calidad- por diversas
razones: falta de profesores, de recursos, escasa vision de la educacion,
necesidades econdmicas familiares en competencia, género y socioeconomia. A
medida que los paises en desarrollo elaboran estrategias para aumentar la
provision de educacion, la educacion de calidad se convierte en la clave. Las
investigaciones también han demostrado que la calidad es un problema en
muchos paises en desarrollo. Los economistas han identificado muchos factores
que afectan a la calidad de la educacion. Uno de los principales aportes es la
calidad del profesorado. En los paises en desarrollo, los requisitos educativos y
la formacion de los profesores, asi como su desarrollo profesional, pueden variar.
Lo que sigue es una revision bibliografica sobre los requisitos de formacion de
los profesores y su desarrollo profesional en los paises en desarrollo, con énfasis
en América Latina. Tras la revision, se identifican temas comunes y se
recomiendan posibles direcciones para ayudar a mejorar la calidad. El
conocimiento de las "mejores practicas" en la formacion inicial y el desarrollo
profesional puede ser aplicado por los gobiernos y las organizaciones para
mejorar la calidad de las escuelas para los estudiantes en y mas alla del nivel
secundario.

In the onset of traditional education in the United States, the emphasis or philosophy
has been the “three R’s”: reading, writing, and arithmetic. This is generic, but one could
possibly say this was the standard of education since it encompassed the central focus of
education. In the 1960s, the “science” initiative to put a man on the moon, in part due to the
Cold War, came to fruition. Yet, the 3Rs are no different than most educations around the
world with an emphasis on literacy and numeracy. With that said, is there now a global
change on this emphasis? Not really, but education has become more in-depth and requires
additional layers with skills that prepare students for the 21% Century. Developed countries
have educational deficiencies and problems, but they are conscious of these needed changes
and tend to seek remedies. In many cases, the solutions are possibly compounded by location
(rural versus urban), politics, and socioeconomics. Developed countries tend to have
resources and data, but they tend to disagree and debate on policies and courses of action.
The topic of policy and educational reform are abundant at think tanks and peer-reviewed
journals. There is an abundance of research on these matters, but the flip-side to this
educational conundrum are developing nations and the focus of this research. Developing
nations do not always have the financial resources, stable government, economy, and
research to make needed educational changes or reforms. Literacy and numeracy are still the
tenet of education, but the problem is that not all children are provided with basic education
and, if provided, this does not guarantee quality and learning. To better understand improving
quality education in developing countries, with an emphasis in Latin America, a literature
review has been done focusing on two key educational inputs: preservice teacher training and
professional development as a teacher.

According to a helpful brief history diagram from Fuller and Kim (2022) on
educational systems thinking, education in the developing world has some distinct stages:
1960s build schools/widen access and advance literacy; 1980 lift school quality; 2000
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strengthen institutional capacity; 2020s recover/review post-pandemic, transform/rethink
performance. This brief timeline ties in with the United Nations 2000 Millennium
Declaration that had a focus to achieve universal primary education by 2015 (UN, 2000). In
2015 the UN came very close to approaching this goal: they went from 83% in 2000 to 91%
by 2015 (UN, 2015). The focus was to increase education around the world, and in many
cases, this meant building schools with the purpose to increase educational access. Research
shows that educational facilities increased but not necessarily learning (Pritchett, 2013).
Universal schooling has created some positive outcomes and helped increase making people
wealthier and decreasing poverty, but not necessarily wiser (Sengeh and Winthrop, 2022).
Hossain and Hickey allude that the quantity of education (facilities) increased globally but
the quality did not necessarily increase (2019). Student learning is enhanced considerably
with high quality teachers (Puryear, 2015). Access is increasing due to more facilities, but the
quality of the education is an issue. To compound this, today’s education is also about
preparing students for the 21% century.

In both developing and developed countries, there has been a crossing of paths
concerning registering children in primary school where inequality continues to be a problem
(Winthrop and McGivney, 2015). The inequality is manifested in many ways from lack of
needed resources, such as curriculum, to better trained teachers. It has been postulated that
there is a 100-year educational gap between developed and developing countries (Winthrop
and McGivney, 2015). This means that many developing countries are currently
educationally where many of the developed countries were in the earlier 20™ century.
Decreased enrollment levels in secondary school “will keep poorer countries from improving
average level of education” (Winthrop and McGivney, 2015). For example, using
international testing benchmark results, research shows that in developing countries in math
less than two-thirds of students are attaining key learning standards (Winthrop and
McGivney, 2015). According to Fomba et al, the quality of education in developing countries
is a matter of concern based on the elevated proportion of illiteracy and school dropouts
(2022). The World Bank Report (2018) shows that schooling has increased globally but that
disparities such as poverty, gender, ethnicity, disability, and location are key issues.
According to this report, there is a correlation between national income and the gap between
primary and lower secondary completion rates. When the gap between primary and
secondary education is low there is an increase in income (World Bank, 2018). Part of
addressing this problem is preparing students with 21% century skills as part of their
educational program.

Literacy and numeracy are a central tenet of education. In addition to
numeracy and literacy, preparing students with skills for the 21% century (21C) is also an
integral element. 21C skills are needed to be competitive for higher education and the
workforce. 21C skills include the following but are not limited to: critical thinking/problem
solving, communication- both written and oral, teamwork, collaboration, leadership,
creativity, innovation, lifelong learning, strong work ethic, professionalism, ethics, and
technology (Fadel, 2008). As one can note, these skills are not necessarily “taught” but are
applied skills. These are skills that need to be incorporated into the educational curriculum.
Students still need the basic skills of math, science, first language, reading comprehension,
history, foreign language, government/economics, and arts (Fadel, 2008). The problem seems
to be that 21C skills need to be incorporated and the quality of education must increase. It is
possible that students and families in developing nations may see education more beneficial if
basic education and 21C skills went hand in hand. Practical skills that would help families
(marketplace, farming, small business, and home) could increase the demand for education.
In order for this to happen, quality education must be a focus. The educational gap between
developed and developing nations is increasing (Winthrop and McGivney, 2015). According
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to the Organization for Economic Cooperation and Development (OECD), innovative
societies are in demand of “deep, critical, creative, and flexible thinking” (2013; Echazarra et
al, 2016). Automation is changing the skill set needed for the 21C. Employers value literacy
and numeracy but they are also seeking those that have critical thinking skills, work as a
team, and can analyze and solve new problems (Zahidi et al, 2020; Sengeh and Winthrop,
2022). 21C skills concentrate on the 4 C’s: creativity, critical thinking, communication, and
collaboration (Echazarra et al, 2016).

Lant Pritchett has determined the time it will take developing countries to
close the gap in learning outcomes compared to developed countries is close to 100 years.
This calculation is based on internationally comparable exams taken over the last 15 to 20
years (Winthrop and McGivney, 2015). Increasing basic education by expanding schooling
without modifying “the dynamics to the learning process would produce very little additional
learning” (Kaffenberger and Pritchett, 2021). Lant Pritchett has extensively researched
education. In his book The Rebirth of Education, he states the following that gives good
insight into the main problem of education in developing nations:

The problem is that the learning achievement profile, the relationship
between the number of years children attend school and what they actually learn, is
too darn flat. Children learn too little each year, fall behind, and leave school
unprepared. In most developing countries schooling goals are not fulfilling even the
modest education goals. Schoolin’ just ain’t learnin’ (Pritchett, 2013).

Research is showing that there is more to improving education besides increasing
access. The World Bank in its 2018 World Development Report as one of its main messages
states that “schooling is not the same as learning.” According to international testing, average
students in developing countries were outperformed by nearly 95% of those in OECD
countries. This is the equivalent of those students in developing countries being selected for
remedial work in the wealthier countries (World Bank, 2018). Pritchett in his book (research)
argues that since the UN’s goal was to increase schooling, which every nation wants, this was
almost achieved. No matter what type of government, from democracy to authoritarian,
schools were increased. Children were given more access to school, but the problem is that
increased access does not mean learning or even retention as students’ progress. “Success
happened because the goal of schooling was defined, and redefined, such that it could be
consistent with the politics, state capability, and economic resources of every country”
(Pritchett, 2013). Pritchett points out that if students learn and enjoy education, then students
will stay in school. The problem is that students are not learning and are “bored” which
increases the dropout rate. There are cases of students continuing on and advancing in grade,
but when tested are not on grade level. In addition to not being on grade level, their
educational skills have not been enhanced such as reading level and comprehension
(Pritchett, 2013). The UN revised its educational goals in 2015, realizing that increased
schooling, the Millennium Goal, is not the complete answer. In the UN’s Sustainable
Development Goals (SDG), SDG 4 is “ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all” (UN, 2015). The emphasis is quality and not
quantity. It is important to note that this goal is not just numeracy and literacy, but also
incorporates 21C skills such as lifelong learning.

Attending to the issue of decreased learning and substandard quality teaching
IS not a popular policy agenda, whereas increasing primary schooling is due to it being a
measurable policy (Bruns and Schneider, 2016). Hossain and Hickey state this issue well: ...
it is easier to build schools, abolish fees, recruit more teachers, and instruct parents to send
their children, than it is to ensure that schools, teachers, and students are equipped and
motivated for teaching and learning once there” (2019). In developing countries there are a
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couple of difficult matters that are not overcome easily: teacher organizations/unions that
tend to be well organized and represent their interests (Hossain and Hickey, 2019; UNESCO,
2013) and parents and communities that are not well informed (Hossain and Hickey, 2019).
Addressing quality education is important because studies show that this is a key factor in a
country’s economic development (Hossain and Hickey, 2019; Hanushek, 2009; Hanushek
and Woessmann, 2007).

As it has already been noted, quality education, not just quantity or increased
schooling, is an essential factor. According to Glewwe et al, there is plenty of research that
shows that matriculation increases in schools when the distance traveled by students to attend
school decreases (2011). This seems to indicate that quantity (location/access) is still a factor
and need, but in conjunction with the building of schools, quality also must be a component.
Students may be in school but if materials are not current, teachers are insufficiently trained,
or the pedagogical methods used are inadequate, all could be deficiencies that keep students
from developing a full scale of capabilities (Sengeh and Winthrop, 2022). In many systems of
education around the globe, millions of children are deficient in literacy and numeracy skills
after several years of education (World Bank, 2018). Research from the World Bank shows
that many children after several years of education cannot read basic words such as “cat” and
solve basic math problems (2018). With this in mind, the quality of teacher education is
important to consider. There are a couple of inputs to consider: preservice educational teacher
training and teacher professional development (PD). It is important to note that research on
these inputs do not seem to be definite. As standalone variables (inputs), they do not seem to
be the only central elements and possibly can be mitigated with other educational variables.
None the less, these two variables are important to consider and are prominent in much
educational research. Glewwe et al in their research noted that having teachers with more
knowledge in their teaching field is a positive component (2011). As Fuller and Kim report,
the education institution is a complex system with a range of inputs in order to produce
outputs (2022). This literature review is focusing on two inputs, but the larger context of
other factors must also be kept in mind.

In Latin America, matriculation in the young grades is widespread but the standard of
education is subpar. School attendance in first through the fourth grades is almost universal,
and, if students attend pre-primary school, they have a higher rate of achievement. In Latin
America and the Caribbean, the educational outcomes for children tend to be poor but are
especially affected by the socioeconomically poor and parents that have little education
(Inter-American Development Bank et al, 2015). The Second Regional Comparative and
Explanatory Study (SERCE) and the OECD’s Programme for International Student
Assessment (PISA) reveal that the quality of education is not consistent and not solely based
on unequal access to education (UNESCO, 2013). Inter-American Development Bank
research shows that time spent on instruction is below the Stallings good practice benchmark
of 85 percent but instead is between 50 and 65 percent. This translates into an average loss of
one full day of instruction per week (2013). Loss of teaching time is an important determinant
and this is compounded with high absenteeism rates by teachers in many developing nations
(World Bank, 2018; Pritchett, 2013). Insufficient teaching time and that increased by teachers
being absent only further deteriorates quality education. According to Bruns and Luque, more
than half of the children are bored, not paying attention, and disengaged while the teacher is
teaching (2015). According to a report from the Education Commission (2016) projecting
expected learning outcomes by 2030, in low-income countries, nearly 69 percent will not
learn basic primary skills and 23 percent will learn only basic primary skills. In middle
income countries, 21 percent will not learn basic primary skills and 30 percent will learn only
basic primary skills. Finally, in high income countries, 8 percent will not learn basic primary
skills and 22 percent will learn only basic primary skills.
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Concerning developing nations, according to the Inter-American Dialogue a
commissioned report by Latin American leaders, Latin America’s challenge is to furnish
quality education (2016). According to international and national tests, the learning degree is
very low and the education is not developing skills for the 21 century (Inter-American
Dialogue, 2016). “The disparity between the average PISA score for Latin American
countries and OECD countries is equivalent to over two full years of math education” (World
Bank, 2018). Research is showing that to encourage and foster change an emphasis on early
childhood development is needed (Inter-American Dialogue, 2016; World Bank, 2018). In
education, the poor are the most disadvantaged along with other factors such as those with
parents that have less schooling, socioeconomic status, and home environment which are all
indicators of learning results (Inter-American Dialogue, 2016; World Bank 2018). Learning
is progressive and skills generate skills (World Bank, 2018).

The cognitive and socioemotional developmental gaps that emerge at young
ages worsen over time. So do learning gaps: poor developmental foundations and
lower preschool skills mean disadvantaged children arrive at school late and
unprepared to benefit fully from learning opportunities. As these children get older,
it becomes harder and harder for them to break out of lower learning trajectories.
(World Bank 2018)

Fixing secondary education quality may do little if there is not an emphasis on the
early years (Inter-American Development Bank et al, 2015). Teachers reported that children
who took part in pre-primary school showed better skills in involvement, achievement, and
discipline (Berlinski et al, 2009). Government investing in early-childhood education is one
of the best investments they can make with a high return (Inter-American Development Bank,
2015; World Bank, 2018). Research shows that providing early education is a key factor in
developing children knowledge, but that this can be negated due to quality concerns. In early
childhood, obtaining base structure skills is crucial for learning and a trajectory for more
learning. Learning is progressive which means gaps based on unproductive structures and
inferior preschool preparedness only makes the learning outcomes for the disadvantaged all
the harder and worse to overcome (World Bank, 2018). Classrooms where teachers provide
high levels of instructional support have better results: higher order thinking and quality
feedback (Inter-American Development Bank, 2015). These are areas that preservice training
and professional development can possibly help improve.

In order to invest in early education and all levels of education, the preservice
training level and professional development of teachers are important inputs. For example, in
Latin America, the focus on teacher training has improved over the years but needs more
enhancement. In some countries, teachers are not required to have further education after
secondary school in order to teach and the requirements for early childhood education can be
even more lax (Inter-American Dialogue, 2016). In addition, the focus on training teachers on
the tertiary level (college/university) is not uniform nor necessarily recruiting the top
candidates (Inter-American Dialogue, 2016; UNESCO, 2013). As educational enrollments
increase, so does the demand for teachers and governments may have not kept up with this
pace (World Bank, 2018). Latin American countries face several obstacles: those that are
seeking teaching positions may not have the highest qualifications and training and the
accreditation and oversight agencies (government, universities/colleges, schools) are
inadequate and lack the ability to supervise (UNESCO, 2013). “The quality of an education
system is determined by its teachers, irrespective of its institutional structure and resources”
(UNESCO, 2013). Focusing on single educational inputs will not necessarily largely change
education quality (Pritchett, 2013; Hanushek et al, 2015; Fuller and Kim, 2022), but research
on the inputs of teacher training level and professional development are areas in need of
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improvement/change and focus. If teachers are trained in classroom organization (preservice
or as professional development), this could affect classrooms. According to Inter-American
Development Bank, highly organized classrooms provide a positive environment for learning
where teachers are proactive, manage behavior better, time management is better, and
students are more engaged (2015).
Unfortunately, the teaching profession is not treated as a vocation of prestige.

The exception and, a good model for changing this mindset, is Finland and Singapore which
are viewed as educational systems that are keeping their teachers (Sutcher et al, 2019; Borre
et al, 2021). In much education research, these two countries are models where the teaching
profession is highly esteemed and given high prestige. Because of this philosophy, there are
great expectations, training, and higher criteria in the selection process in order to become a
teacher (Puryear, 2015). This reflection is evidenced in the high standards and results these
countries have in education. For example, teacher pay is high and educational standards and
results are high across the board. Jeffrey Puryear gives a good example of how most nations
around the world have high standards, curriculum, and several years of practice and residency
for medical doctors, but this is not the approach taken by most for education (2015). For
example, in Latin America, as mentioned earlier, for years primary teachers were trained in
secondary-level institutions (UNESCO, 2013). This practice is decreasing (but still practiced
in some countries). The training of teachers in general is done in four types of institutions:
universities (focus on training teachers and participate in research and educational outreach),
pedagogical universities (an approach during tertiary-transition to improve teacher training),
higher teacher-training institutes (non-university tertiary institutions that can be part of
national ministries/government to train teachers for schools), and teacher-training colleges
(secondary-level institutions that prepare teachers for primary/preschool) (UNESCO, 2013;
Puryear, 2015). These studies can vary from two to five years depending on the track taken
(UNESCO, 2013). Unfortunately, because it is not prestigious, issues include lower academic
requirements. Training may not always include subject specialization and tends to have a
general emphasis: “with insufficient content on understanding of curriculum subjects and
related teaching skills and too much general educational content” (UNESCO, 2013).
According to Puryear, evidence suggests that teaching programs are not very selective in their
process and tend to come from the bottom third of secondary school (2015). Research is
showing that many teachers are deficient in content mastery skills and/or poorly trained
(Puryear, 2015; World Bank, 2018; Hossain, 2019). Whether poorly trained or low-skilled,
provisions need to be made:

Globally, specific guidance is crucial for low-skilled teachers, who may lack

the ability to be effective even when motivated. At times, in settings where

teachers have limited skills, this involves providing lesson plans that are

highly scripted, outlining concrete steps for teachers. (World Bank, 2018)

The training level of teachers seems to be a problem that must be a focus of change in
order to help increase quality education to some extent. To contrast this, DeAngelis et al in
their study found that evidence shows there is a higher retention rate for educators with
“more formal or comprehensive preservice preparation” (2013). Giving appropriate
preparation and support to educators in their beginning years is a needed valuable resource
(Borre et al, 2021). According to Hanushek (2011), having higher pay incentives
commensurate on student educational outcomes could increase quality teaching and decrease
the amount of poor-quality teachers. This would be difficult on a political front and on the
educational organizational side, but if implemented the possible long-term implications could
be very positive (Hanushek, 2011).
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In addition to a teacher’s preservice educational training, professional
development (PD) of teachers is an input globally that is deficient. Darling-Hammond et al
define PD “as structured professional learning that results in changes in teacher practices and
improvements in student learning outcomes” (2017). In a study comprised of 38 developed
and developing countries, 91 percent of the educators stated they had been involved in PD in
the prior year (Strizek et al, 2014; World Bank, 2018). It is not necessarily a lack of PD and
investment (developing countries spend millions each year), but that the PD is not evaluated
and may be ineffective. In developing countries, PD can be short and of low quality and
“inconsistent and overly theoretical” (World Bank, 2018). In order for PD to be effective,
experience from developed countries shows that PD must be practical, specific, and continue.
Practical in that teachers are trained in concrete methods and not theoretically—it is
classroom based. Specific in that the emphasis is pedagogy specific to a subject area. PD
should not be a one-time workshop but have continual support. In developing countries,
trainers in PD should observe and support teachers through more follow-up visits. Training
should align with best practices for better student performance (World Bank, 2018).

It is apparent that there is much that can be done in to improve teacher training
and PD of teachers. Research suggests that financial incentives, higher selective criteria, and
making the teaching profession more prestigious can improve quality (World Bank, 2018;
Inter-American Dialogue, 2016; UNESCO, 2013; Inter-American Development Bank, 2016).
There are several suggested solutions to these problems such as reducing the number of
unqualified teachers, use testing as a means to measure results, and better monitoring of
teachers (Inter-American Dialogue, 2016). According to the World Bank (2018), teacher
training needs to be focused on a particular pedagogical approach, singularly aimed and
repeated, with regular follow-up to be successful. It also needs to be taught at the student
degree of competence. Incentives can be used to increase teacher motivation. In addition, the
World Bank (2018) has several suggestions for effective learning measurement such as
measure gaps through national assessments, follow progress, test students when productive
measures are still viable, take action, balance the recourses, and utilize international public
goods on learning. Furthermore, UNESCO has proposed some very general and practical
guidelines (2013):

e Increase the admission criteria for teacher training to motivate higher quality
candidates

e Enhance teacher-training quality initiatives, especially curriculum subject matter,
instruction and learning plans, and the quality of instructional trainers

e Instruction of hindered social groups need pertinent quality training

e The oversight of teacher-training courses and their graduates need suitable systems
for implementation (accreditation and assessment procedures)
UNESCO has also presented recommendations for improving PD (2013):

e Focus on student learning attainment where teachers enhance their skills to take on
new educational challenges

e Advance learning groups to guarantee training has a significant impetus on
instructors’ practices and students’ learning attainment

e Develop teachers as they progress through various stages of education: support and
mentorship

e Make sure that PD satisfies the needs of teachers that is pertinent and quality

e Advance collaboration in the learning process in the classroom

Darling-Hammond et al in their research have found seven features that can
make PD more effective (2017):
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e Emphasize content in the area of the teacher discipline curriculum and pedagogies

¢ Include active learning in the process of PD as a means of engagement and move
away from the traditional lecture style

e Provide collaboration where ideas can be shared among teachers and create
community

e Use representations that are productive in teaching and based on best practices that
can help teachers: lesson planning, observing other teachers, media (video), case
studies, pupil work examples.

e Furnish expert assistance based on subject and evidence-based applications

e Allow for feedback and input processing to make needed changes

e Can be maintained over time to allow for learning, practice, and implementation

In a larger context with the educational systems in mind, Sengeh and
Winthrop (2022) propose the 3 P’s which can possibly encompass preservice training and PD
to align within the system and help meet the needed educational requirements:
e Purpose- initiate a shared outlook of the intention of education
e Pedagogy- replan educational systems beginning with pedagogy at the center
e Position- arrange and position structure elements to maintain the pedagogical center

The 3P’s are broad steps, as the authors emphasize, that give leaders and
policy makers a means to revamp the educational needs in specific countries and
jurisdictions. It is a general outline with key elements in each segment that gives those
involved strategic goals/steps to keep in mind. Educational inputs that will vary in each
country/jurisdiction can be accommodated as needed. With all these suggestions in mind,
global quality education can be improved and enhanced to meet the needs and preparational
development of students on a local to international scale.

As teachers retire/leave the profession, a shortage of educators is going to be a
worldwide issue (Borre et al, 2021; UNESCO, 2022). Preservice teacher training and
professional development inputs are going to possibly coincide with this problem. According
to UNESCO, 69 million teachers will be needed by 2030 to meet the needs of universal basic
education (2022). Getting and retaining high caliber teachers will be essential otherwise the
continued issue of quality will continue to exacerbate. Effective teachers are leaving the
profession (DeAngelis et al, 2013). Retention is an issue even in developed countries.
According to Ingersoll et al (2003; 2018), between 40 and 50 percent of new teachers leave
the profession within five years. This issue is compounded when the needs are considered
disadvantaged (location/socioeconomically), low-performing, deficient resources, and
lacking professional support (DeAngelis et al, 2013). Socioeconomic disparities and
disadvantaged schools tend to be low-performing and reinforce socioeconomic inequalities
(OECD, 2012). Finding, training, and retaining quality teachers will be very important as the
increase and demand for teachers increases over the years. “Shortages” are not anything new
(Sutcher et al, 2019), but may be harder to manage in areas of need: rural, disadvantaged
areas, low-performing, and the poor. Making the profession more prestigious with higher
standards and selectivity, more subject training/emphasis, and higher pay could help increase
quality teacher prospects and possibly retention.

One additional and important factor, besides the predicted teacher shortage,
that is affecting quality education is the COVID-19 pandemic. Much research is ongoing on
this subject matter, but it has affected educational quality globally. The time schools lost due
to no school, distance learning, remote learning, and limited days had a great influence on the
learning curve of all age groups. Less than 25 percent of developing countries provided any
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remote learning (Vegas and Winthrop, 2020). UNICEF estimates that 463 million children
(one third of the globe’s schoolchildren) in the developing world received no remote learning.
At the peak of the pandemic nearly 1.5 billion children were affected by school closures. The
poorest and those living in rural areas were affected the most. The loss of education coming
at crucial time for the youngest students during a time of important learning and development
(UNICEF, 2020). A loss of a school year can correspond to a loss of between 7 and 10
percent of income in the course of a life (Reimers and Schleicher, 2020). Due to school
shutdowns, this could have a consequence “in a loss of between 0.3 and 1.1 years of
schooling adjusted for quality, bringing down the effective years of basic schooling that
students achieve during their lifetime from 7.8 years to between 6.7 and 7.5 years” (Azevedo
et al, 2021). Covid educational recovery is going to be key around the world to decrease
educational gaps and get students back on track. The impact of covid on educators has been
tremendous, though not the scope of this research, and will coincide with teacher preservice
training and PD. New teachers will need preservice training and current teachers PD on how
to tackle the learning gaps and issues created by the pandemic.

In conclusion, global education has been transformed over the last 50 years.
Education has come to forefront especially when the UN in 1948 declared it as a basic right.
Through the years developing countries have increased schooling and increased literacy and
numeracy. Upon analysis of the research available, the progress in access is rather astounding
when time frames are compared to developed countries. Developing countries are making
huge strides to provide educational access to large numbers in less time than it took
developed countries. For example, to expand girls’ matriculation in school in the United
States it took 40 years for it to go from 57 percent to 88 percent (1870-1910), while Morocco
experienced a similar growth in 11 years (World Bank, 2018). The problem is that the
quantity has increased but not necessarily the quality. Even with more schools (quantity),
many obstacles remain to the quality. Though this is an issue and can possibly create a “100-
year gap” in developing countries, in order to catch up by traditional means, countries have
found means to improve drastically by leapfrogging. Education must address life skills and
go further than just academics. It must focus on curiosity and create life-long learning. The
leapfrogging concept is a means to decrease the 100-year gap (Winthrop et al, 2018).
“Traditional skills, such as literacy and numeracy, must be complemented with skills such as
collaboration, problem solving, and creativity” (Winthrop et al, 2018). One can note that this
corresponds with quality education needing to incorporate 21C skills. Students are attending
school, but not necessarily learning. Researchers and policy makers are seeking solutions to
increase the quality of education. The cycle of providing educational access and then
addressing quality needs to be addressed. Having access to schooling in a remote area where
education is lacking is a great need. Building and providing schools are important, but just as
important are the educators that will teach in these facilities. Quality educators are needed.
The issue of quality must be tackled on several fronts in order to improve. With that said,
there are several inputs that can be measured, assessed, and improved to help. For example,
teacher training and teacher professional development are both inputs and extensively
reviewed by this researcher. Research shows that these two areas are places that need
improvement and insight is given on how this can be done. These two inputs are important,
but are only small aspects of the bigger picture that are needed to improve quality education.
To ensure quality in education, systems of assessment that monitors learning across the ages
at each progressive level is a need. There is no one perfect system and the ideology of “one
size fits all” does not work. To achieve quality education it is going to be a collaborative
measure among leaders, governments, and stakeholders.
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Digital technologies have disrupted human interaction, transforming traditional modes of
socialization, education, and work. In this fluidity, marginalized communities face significant
disadvantage (i.e., the digital divide) and in Australia, Indigenous communities are most at risk
of becoming digitally excluded. Productive alignments in schools between teachers and
curricular pathways are vital to nurture basic literacies and provide access to technology. We
present findings of scoping research, which evaluated digital-centric curricular pathways in
Australia. Using trans-systemic inquiry (Battiste & Hendersen, 2021) with the structure of a
rhizome (Deleuze & Guattari, 1987), we offer a curriculum map of subjects, domains of
learning, and teacher graduate attributes offered throughout the school-post-school sectors (i.e.,
P-12, vocational and tertiary domains). Our results indicate the need to insulate and amplify
already existent digital-centric curricular pathways, with culturally attuned support mechanisms,
to better support Indigenous learners toward future industry roles or further study.
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Les technologies numériques ont transformé l'interaction humaine, s'éloignant des
modes traditionnels de socialisation, d'éducation et de travail. Les communautés
marginalisées font face a des désavantages importants en raison d'un acces limité a la
technologie, connu sous le nom de fracture numérique. En Australie, les communautés
autochtones occupent systématiquement les échelons les plus bas sur la plupart des
indicateurs de bien-étre social et sont les plus exposées au risque d'exclusion numérique.
La relation entre les compétences en éducation et l'acuité numérique s'est révélée
essentielle pour surmonter les défis de I'exclusion. L'alignement des écoles, des
enseignants et des parcours éducatifs est crucial pour fournir un acces a la technologie et
favoriser les compétences de base pour ceux qui sont a risque.

Dans cet article, nous présentons les résultats d'une recherche exploratoire qui a évalue les
parcours éducatifs centrés sur le numérique en Australie. En utilisant une approche trans-
systémique (Battiste & Hendersen, 2021) avec la structure d'un rhizome (Deleuze & Guattari,
1987), nous déeveloppons une carte de programme comprenant des matiéres, des domaines
d'apprentissage et des compétences des diplomés enseignants a travers la période scolaire et
post-scolaire. Nous avons ciblé les parcours éducatifs proposés par I'Australian Curriculum
Assessment and Reporting Authority (de la maternelle a la 10e année), la Queensland
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Curriculum and Assessment Authority (années 11-12), le secteur de I'éducation et de la
formation professionnelle (apres I'école) et I'Australian Institute for Teaching and School
Leadership (compétences initiales des diplébmés en éducation). Nos résultats indiquent que les
écoles devraient chercher a isoler les parcours éducatifs deja existants centres sur le numeérique
avec des mécanismes de soutien culturellement adaptés, afin de mieux guider les apprenants
autochtones vers des roles industriels futurs ou des études supplémentaires.

[HudpoBbie TEXHOIOTUN U3MEHUIN B3aMMOJICHCTBHE JTIOJICH, OTOMIA OT TPaAUIIHOHHBIX
croco00B colMaan3aluu, 00pa3oBaHus U padboThl. MapruHaaIu3upoBaHHbBIE COOOIIECTBA
CTAJIKUBAIOTCSI CO 3HAUUTEIHLHBIMU TPYAHOCTSIMHU U3-32 OTPAaHUYEHHOTO JIOCTYIIA K
TEXHOJIOTUSIM, H3BECTHOTO Kak IU(POBOH pa3phiB. B ABcTpanuu oOIMHBI KOPSHHBIX HAPOJIOB
HEM3MEHHO 3aHMMAIOT CaMble HU3KHE TIO3UIIUHU TI0 OOJIBITMHCTBY MOKa3aTeNed COIMaIbHOTO
65arococTosIHUS ¥ B HAaMOOJIbIIEH CTENEHU MOIBEP>KEHbI PUCKY CTAaTh UCKIIOUEHHBIMU U3
1rdpoBoii cpenbl. BEUTO T0Ka3aHOo, YTO B3aUMOCBSI3b MEXKy 00pa30BaTeIbHBIM YPOBHEM H
UG POBBIMU HAaBBIKAMH UMEET BAXHOE 3HAUCHHE TS TTPEOIOJICHHSI TPOOIIEM, CBS3aHHBIX C
u3ossiueit. CoriiacoBaHue KO, yUUTENelH U yueOHbIX TPOrpaMM UMEET KU3HEHHO BaXKHOE
3HaYEHHE ISl 00eCTIeueHus JOCTyIa K TEXHOJIOTHSAM M BOCIIUTAaHUSI 6a30BOM TPaMOTHOCTH Y
JIUII, HAXOIAIINXCS B TPYIIIE PUCKA.

B nanHol cTaTthe npeacTaBieHbl pe3ybTaThl aHATUTUYECKOTO UCCIIeI0OBaHUS, B X0/1€
KOTOPOTO OIEHUBAIKCH Y4eOHBIE TPOTPAMMBI, OpPUEHTUPOBAHHBIE HA IU(PPOBBIE TEXHOIOTHUH,
B ABcTpanuu. Mcnonb3ys TpanccucteMHoe uccienoBanue (Battiste & Hendersen, 2021) co
crpykrypoii pusomsl (Deleuze & Guattari, 1987), mbl paspadaTsiBaeM KapTy yu4eOHBIX
MPOrpaMM, COCTOSIIYIO U3 TPEIMETOB, 00JacTeil 00yUeHHS U XapaKTEPUCTHK BHITYCKHUKOB
YUHUTEJIeH Ha IPOTSHKEHUH BCETO MEePUOJIa O0YyUEHUS OT IIKOJIBI IO OKOHYAHUS IIKOJIBI. MBI
OPHEHTHUPOBAINCH Ha yU4eOHBIE TPOTPaMMBI, TIpe/iaraeMble ABCTPATUHCKAM YIIPABICHHEM TI0
OLIEHKE Y4eOHBIX MPOTPaMM M OTUETHOCTH (TOAroToBUTENbHBIN 10-if kiacc), YnpaBneHuem
1o yueOHo#t nmporpamme u otieHke Keuncnenaa (11-12-it kmacchbl), CEKTOpOM
npodeccuoHanbHOro 00pa30BaHUS U MEPETIOATOTOBKH (ITOCIEIIKOIBHBIN EPHOo) U
ABCTpaNIMiCKM MHCTUTYTOM TPETOAaBaHUs U HIKOJBHOTO JIUJEPCTBA (BO3MOXKHOCTH
BBINTYCKHUKOB HAYAIBHOTO MEJaroruyeckoro oopazoBanus). Hamm pe3yabTaTsl HOKa3bIBAOT,
YTO IIKOJIAM CJIETYET CTPEMHUTHCS U30JIUPOBATH YK€ CYIIECTBYIOIINE YIeOHBIE IIPOTPAMMBI,
OpUEHTHPOBAHHBIE Ha IIU(POBbIE TEXHOJIOTHH, C TOMOIIbI0 MEXaHU3MOB MOIIIEPHKKH,
YVYUTHIBAIOIINX KYJIbTYPHBIE OCOOCHHOCTH, YTOOBI JIyUIlle OPUEHTUPOBATH YUAIIUXCS U3 YHCIIa
KOPEHHBIX HapoI0B Ha OyAyIIne poJid B OTPACIH WIH JajbHelIee o0ydeHue.

Las tecnologias digitales han transformado la interaccion humana, alejdndose de los modos
tradicionales de socializacion, educacion y trabajo. Las comunidades marginadas se enfrentan
a desventajas significativas debido a un acceso limitado a la tecnologia, lo que se conoce como
la brecha digital. En Australia, las comunidades indigenas ocupan sistematicamente los
peldafios mas bajos en la mayoria de los indicadores de bienestar social y son las que corren
mayor riesgo de quedar excluidas digitalmente. Se ha demostrado que la interrelacién entre las
alfabetizaciones educativas y la perspicacia digital es esencial para superar los retos de la
exclusion. La alineacion entre escuelas, profesores e itinerarios curriculares es vital para
proporcionar acceso a la tecnologia y fomentar la alfabetizacion bésica de aquellas personas en
situacion de riesgo.
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En este articulo, presentamos los resultados de una investigacion de alcance, que evalu6 los
itinerarios curriculares centrados en la tecnbologia digital en Australia. Utilizando la
indagacion trans-sistémica (Battiste & Hendersen, 2021) con la estructura de un rizoma
(Deleuze & Guattari, 1987), desarrollamos un mapa curricular de asignaturas, dominios de
aprendizaje y atributos de los graduados de maestria a lo largo de todo el periodo escolar y
post-escolar. Nos centramos en los itinerarios curriculares ofrecidos por la Autoridad
Australiana de Evaluacion y Presentacion de Informes Curriculares (afio preparatorio 10), la
Autoridad de Curriculo y Evaluacion de Queensland (afios 11-12), el sector de Educacion y
Formacion Profesional (postescolar), y el Instituto Australiano para la Ensefianza y el
Liderazgo Escolar (capacidades iniciales de posgrado en formacion docente). Nuestros
resultados indican que las escuelas deberian tratar de aislar los itinerarios curriculares
centrados en la tecnologia digital ya existentes con mecanismos de apoyo culturalmente
adaptados, a fin de orientar mejor a los alumnos indigenas hacia futuras funciones en la
industria o en futuros estudios.

Introduction

Since the first industrial revolution, technology has sparked paradigm shifts, which have led to the second,
third and fourth revolutions (Sherwani et al., 2020). Pervasive computing, combining internet connectivity
with powerful-autonomous computers, has already disrupted various industries, and reshaped human
socialization (Shakya & Nepal, 2020; Fragou & Mavroudi, 2020). The next generation of the internet, Web
3.0, will again expand consumer-creator interactions through decentralized networks necessary for a shift
toward Industry 5.0 (Chen et al., 2022). Industry 5.0 will internalize Web 3.0's sophisticated technologies
while enhancing human creativity, intuition, and decision-making (Maddikunta et al., 2022). These shifts will
again inevitably disrupt how humans work, socialize, and learn (Xu et al., 2021).

Situated between the transition toward Web 3.0 and Industry 5.0, governments, education sectors, and
industry must anticipate future labour needs and how best to prepare future workers. In 2015 the Foundation
for Young Australians predicted within a decade more than half of Australian workers would need the skills
to navigate, configure, or build complex digital systems. Duggan (2019), in his argument for strategic policy
to better guide current education, identified Science, Technology, Engineering and Mathematics (STEM), to
hold value as a preparation framework for future occupations (p. 111). However, the extent to which in-
school STEM-centric programs have met the rate of change has been questioned (c.f. Khadri, 2022). In
parallel to the role of STEM, there remain enduring disparities between Indigenous and non-Indigenous
learners in schooling, future employment, and tertiary study (Australian Bureau of Statistics, 2016).
Collectively, Indigenous learners continue to fall below minimum literacy, numeracy, and science standards,
with schools struggling to provide supportive and productive learning environments (Dreise & Thomson,
2014; Lowe et al., 2021). In this paper, we map four major curricular sites in Queensland, Australia to
insulate and amplify digital learning pathways for Indigenous learners.

We are an interdisciplinary, Indigenous- non-Indigenous research team? writing from Meanjin (Brisbane,
Australia), on the lands of the Yuggera and Turrbal peoples. First, we review the tensions Indigenous
learners face in acquiring complex digital literacy. Second, we detail our research design, highlighting our

2 We are Troy Meston, a Gamilaroi critical technology educator, Eun-Ji Amy Kim, a Korean/Canadian science educator, Gaala
Watson, a Gungalu, and Birri-Gubba Aboriginal governance, economics, and social entrepreneurship scholar, and Chesley Cutler,
an Australian-based postgraduate student with expertise in methodological design.
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novel mapping method3. Third, we overview our four curriculum sites targeted for mapping. Fourth, we
present a short synopsis of our findings and conclude with a review of our discussion, offering directions for
future research.

Literature Review: Indigenous Learners & Digital Literacy

Most industry sectors, including higher education, now rely on competent navigation of complex digital
learning platforms to complete work, conduct research, communicate, and submit assessment (Farias-Gaytan
et al., 2022). However, schools have not kept abreast of rapid technological advances, and sector experts
generally agree, more needs to be done to better prepare learners (c.f. World Economic Forum, 2022). In
2014, the UK Taskforce noted there existed a disconnect between industry and schools due to outdated
perceptions of technology professions and the value of digital skills for future occupations. Digital
technologies, and their multi-modal literacies, are recognised to carry potential to reshape individual and
collective life chances in a myriad of ways. However, parents, and teachers remain less aware of the coming
change, or the lucrative prospects now available in the digital sector (Tinmaz et al., 2022).

Complicating the design of effective school programmes is a lack of agreement on what constitutes rigorous
digital preparation. ‘21% century skills’, ‘skills for a changing world’, ‘computational thinking’, ‘information
and communication technologies’, and ‘digital competencies’, are all examples of the descriptive terms used
over the recent decade to grapple with the evolving disruption of complex technologies (Van Laar et al.,
2020). Early on, Bawden (2001) identified key facets of digital literacy to include:

e Knowledge assembly by building a reliable information smorgasbord of diverse sources.

e Retrieval skills and critical thinking towards making informed judgements about found
information, with wariness about the validity and completeness of internet sources.
Reading and understanding non-sequential and dynamic material.
Awareness of the value of traditional tools in conjunction with networked media.
Awareness of people networks as sources of advice and help.
Use of filters and agents to manage incoming information.
Being comfortable with publishing and communicating information as well as accessing it (p.
247-8).

A decade later, Eschet (2012) argued digital literacy is a ‘survival skill’, enabling the ability to solve
complicated digital problems in real time while operating in a social, informational, and emotional
environment (p. 272). Notwithstanding the needs of future labour, digital literacy continues to grow in
relevance as learners move through school into post-secondary phases of education and industry (Santisteban
etal., 2020).

When considering the rapid pace of techno-transformation in context, the ability of schools to remain relevant
relies on an internal capacity to counteract, with finite resources, tensions such as shifting curriculum,
location, digital capability of teachers, and access to a wide range of complex technologies and platforms
(Starkey, 2020). The mandated turn toward in-home schooling during the COVID-19 pandemic forced
teachers to employ a range of digital tools, in turn initiating a broader discussion about the need for increased
digital literacy in school communities (Greenhow et al., 2021). Although further awareness and professional
development is required to better orient in-school exposure toward preparation for future study and industry.

3 We synergize trans-systemic inquiry (Battiste & Hendersen, 2021) with the structure of the rhizome (Deleuze & Guattari, 1987).
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In response to the rapid pace of technological advancement, schools must balance nurturing the foundations
for lifelong learning with continuous professional development in the real-world (Boss & Krauss, 2022).
Although STEM has been elevated over the past two decades, students also require the ability to integrate
human-centric skills of creativity, problem-solving, cooperation, and communication, with stronger
foundations in the complex computer sciences (Baran & Al-Zoubi, 2020). Learners already have in-school
exposure to diverse fields such as engineering, computer science, business, and humanities (Kauppi et al.,
2020), however, the significance of data, data analysis, visualisation, and management, and cybersecurity is
critical. With the rise of pervasive computing, students require strategic exposure to artificial intelligence,
machine learning, natural language processing, blockchain technology and programming languages such as
Python, Java, and Solidity, to gain readiness for the world they will work in (Miranda et al., 2021).

Although realistic digital readiness in schools is lagging, many learners from marginalised communities also
face digital exclusion at home. Labelled the digital divide, socioeconomic factors such as cost of computers
and internet connectivity, poor digital infrastructure, and lack of prior exposure to information technology,
hinders access online (Khalid & Pedersen, 2016). Within Australia there are stark digital acumen and access
gaps between Indigenous and non-Indigenous peoples (c.f. National Indigenous Australians Agency, 2021).
For Indigenous communities, like other marginalised communities around the world, digital exclusion layers
unstable, sluggish, and challenging internet services with fewer computers, laptops, or handset devices in
homes, and disproportionately low levels of digital literacy (Thomas et al., 2020). Indigenous Australians are
among the least likely to be internet users (Anthony & Keating, 2013), and those who live in remote regions
are more likely to have lower levels of basic literacy and digital abilities (Rennie et al., 2010). While this
issue is more pronounced in remote Indigenous communities, digital exclusion was exacerbated through the
COVID-19 pandemic. In-home quarantine and state-wide lockdowns precipitated awkward shifts for regional
and remote communities toward the use of digital meeting tools, online learning platforms, and digital
socialisations through social media (Drane et al., 2021). Unsurprisingly, Indigenous Australian communities
were most affected by inequities in affordable access to digital technologies’ during the pandemic, as recent
data reveals ‘only 63% of Indigenous peoples across the country have access to internet at home’, as opposed
to ‘91% of other Australians’ (Walker et al., 2021, 3.0-3.2). Although more rural and distant students receive
Vocational Education and Training (VET), very few make the crossover to university (Wilks et al., 2017).
Consequently, Australian universities remain geographically out of reach for rural and remote Indigenous
students (Wilks et al., 2017).

In 2009, the federal government, in partnership with the state and territory governments of Australia, agreed
to resource the $43 billion National Broadband Network (Rennie et al., 2013). Although the first services
went live in 2011, the national infrastructure program would not be fully complete until late in 2020. While
national connectivity did improve, many regional, rural, and remote areas continue to remain behind, with
unstable connection speeds, outdated dial-up connections, early version broadband technologies and faulty
fibre optic connections (Alizadeh & Farid, 2017). As part of upgrading both physical and human
infrastructure, the federal government has proposed a number of initiatives to prioritise connectivity and skills
for all Australians. Broadly, Australia has enacted a new digital policy strategy* and developed a list of
critical technologies in the national interest®, as means to enhance digital competitiveness and solidify
industry, government, research partnerships. Specifically, for Indigenous Australians in 2020 as part of the

4 https://www.industry.gov.au/science-technology-and-innovation/technology
5 https://www.industry.gov.au/news/2022-update-list-critical-technologies-national-interest-have-your-say
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refreshed Indigenous social welfare policy, The National Agreement on Closing the Gap®, unveiled Target 17,
a digital inclusion target designed to ensure that, ‘By 2026, Aboriginal and Torres Strait Islander people have
equal levels of digital inclusion’. Earlier in 2023, the new Labour government initiated an Indigenous
advisory board’ to steer the government toward meeting the requirements of Target 17, as well as offering 12
months of free in-home internet for 30,000 low socio-economic families®. However, despite the investment in
infrastructure, given the rate of technological change across the key sectors of education and labour, there is a
legitimate worry that Indigenous learners may continue to fall behind.

Academic literacy and digital literacy are related. Typically, there is a relationship between internet
accessibility and literacy, as language proficiencies are required to navigate, extract, and decipher knowledge
while online (Pangrazio et al., 2020; Yu, 2022). Basic literacy, numeracy, and science are essential skills for
developing critical thinking and acquiring 21% century capabilities (Rigney, 2019). However, Australian
schools have been proven to be unsupportive environments for Indigenous learners (Lowe et al., 2021).
Australian schools are widely recognised to maintain Indigenous inequality (Bishop, 2021) due to structural
racism embedded across Australian society (Bargallie, 2020), and deference to Eurocentric standards of
educational merit (Prout et al., 2017). Logically, given the breadth and rate of technological disruption, any
inability to compete online, significantly limits Indigenous opportunities to build collective community
capacity.

Methodology: Scoping Research Design

Theoretical Framework—Braiding the Theoretical Terrain

Our study was designed to map current Australian curricular frameworks, to ascertain if and how existing
infrastructure could be leveraged to create Indigenous specific digital pathways®. We employed a multiple-
methodological research design, which integrated key characteristics from scoping review methodology
(Arksey & O’Malley, 2005), and the structure of the rhizome (Deleuze & Guattari, 1987) with trans-systemic
inquiry (Battiste & Hendersen, 2021).

Scoping research, a type of evidence review, provides ‘useful insight’ into the nature of a research problem
and details how that concept has been studied over time. As Peters (2020) explains, scoping research is
employed, ‘To explore the breadth or depth of the literature, map and summarise the evidence, inform future
research, and identify or address knowledge gaps’ (p. 2121). Arksey and O’Malley (2005) were the first to
demarcate the parameters of a scoping review framework, noting these studies are guided by five principles:

1. Ildentify the available evidence,

2. Clarify key concepts/definitions,

3. Examine how research is conducted,

4. ldentify key characteristics related to a concept,

5. ldentify/analyse gaps in literature (p. 20).

6 The National Agreement on Closing the Gap (the National Agreement) has 19 national socio-economic targets across areas that
have an impact on life outcomes for Aboriginal and Torres Strait Islander people; see https://www.closingthegap.gov.au/national-
agreement/targets
7 https://www.infrastructure.gov.au/media-communications-arts/internet/first-nations-digital-inclusion-advisory-group
8 https://www.infrastructure.gov.au/media-communications-arts/internet/national-broadband-network/school-student-
broadband-initiative-ssbi
% While the focus of our study was to better tailor transitions between grade levels into the post-school sector. Underpinning our
approach is a life-course understanding that digital capability must begin first with parents and caregivers, and tie into a broader
all of community approach, so to strategically build opportunity and infrastructure from the earliest moments of a child’s life.
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However, we did not conduct a typical scoping review. Like other forms of evidence review, such as
systematic literature reviews, scoping studies offer “reproducibility, and transparency” (Peters®, 2020, p.
2121), and “give clear indication of the volume of literature” available in a chosen field (Munn et al., 2018, p.
2). While we conducted a thematic literature review to better understand the tensions of digital inclusion for
Indigenous learners, our intention was not to make our review reproducible. Instead, our review focused on
investigating, assessing and mapping the school-post-school curriculum pathway in Australia to better orient
this for Indigenous learners. As outlined by Arksey and O’Malley (2005), scoping reviews serve as a starting
point for evidence synthesis and are based on specific methodological procedures. We, therefore, prioritized
the five principles of scoping methodology in our design to ensure we employed a project-specific set of
tools. This approach enabled a deeper understanding of the key tensions at the forefront of our research
problem.

While our scoping research was informed by the parameters outlined by Arksey and O’Malley (2005), we
also recognized the need to effectively map our findings. To this end, we drew upon the work of Deleuze and
Guattari (1987), post-structuralist philosophers who articulated six basic principles underpinning the structure
of the "rhizome" (p. 7). Deleuze and Guattari (1987) explain, a rhizomatic construct is characterized by
relationality, heterogeneity, multiplicity, asignifying rupture, decalcomania (tracing), and cartography
(mapping) (p. 7). By integrating these principles into our scoping exercise, we were able to chart and analyse
the data in a more comprehensive manner. Exploring this complex form, they consider the rhizome to be
‘anti-hierarchical in its structure’, and intrinsically interconnected, such that ‘any node can be connected in a
way where “no necessary relations’” need to exist (Deleuze & Guattari, 1987, p. 7). Martin and Kamberelis
(2013), describe these structures as ‘superimposed tracings’, a map that not only reveals ‘discursive and
material forces’ that dominate a particular landscape, ‘but also disclose marginalized or ignored forces’,
highlighting gaps in networks, and areas of discordance (p. 671). In operation, such maps offer insight into
how to reconfigure existing networks to form new organisations, rather than reproducing dominant or
established formations (Martin & Kamberelis, 2013). While the school—post-school curriculum pathway is
linear, we wanted to reorganise it as a rhizomatic structure. Meaning that if reorganised, Indigenous learners
could, in theory, access any aspect of the pathway which best suited their individual and community needs.

The final methodological consideration we employed were Indigenous parameters drawn from trans-systemic
inquiry (Battiste & Hendersen, 2021). As our mapping exercise was primarily Indigenous orientated
research, we required a methodological strategy able to bridge the divergent and often opposing Western and
Indigenous knowledge domains. Trans-systemic inquiry is designed to synergise multiple, seemingly
divergent paradigms, integrating them to foster nuanced understandings of complex phenomena under
review. Trans-systemic inquiry builds from Indigenous onto-epistemologies; that is Indigenous positions on
the nature of reality, the ethical parameters of this reality, the essence of knowledge, and conditions
pertaining to access and transmission of knowledge (Graham, 2014). The utility of trans-systemia is for its
recognition that knowledge exists in collaboration with other knowledges, and thus must ‘learn from each
other’ (Battiste & Hendersen, 2021). Trans-systemic inquiry redresses the ‘fragmentation’ of one sided ‘logic
and causality’ and shifts to deliver ‘an enfolded knowledge system’ (Battiste & Hendersen, 2021, p. 7-8).
Through ‘interweaving and intraweaving’, the ‘entanglement of knowledge systems, language, concepts, and
feelings’ ‘create new vocabularies’ that extend (Battiste & Hendersen, 2021). Trans-systemic inquiry enabled
a deeper understanding of the limitations of Indigenous school-based digital preparation in Australia.

In performing our trans-systemic mapping exercise, we first had to identify disparate knowledge traditions
(i.e., Western & Indigenous), their shared tensions, and modes of expression, and propose concepts and
remedies (i.e., scoping and rhizomatic) as solutions to challenges and gaps across the field of our research
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(Battiste & Hendersen, 2021, p.6). As opposed to orthodox approaches to scoping review, our process of
trans-systemic mapping is project-specific, dynamic, and relational, and is positioned relative to intricate
social, cultural, and political experiences influential over both the researchers and the learners at the centre of
the project. Our braided approach to mapping brings to focus not only dominant knowledge and voices, but
also those excluded (Peters & Burbules, 2004).

Trans-systemic scoping-mapping exercise
Our trans-systemic mapping exercise involved four phases:
1. Literature review — database searches, thematic synthesis, and write up (see pp. 3-8 of this paper)
2. Curricular scoping — identifying all digital curriculum frameworks across the school-post-school
pathway and analysing them viz ability to meet future sector needs and the needs of Indigenous
learners.
3. Construction of a rhizomatic curricular map.
4. Offering solutions to challenges and gaps found in existing pathways.
Liu and colleagues (2015) note research questions enable consideration of “concept, target population,
intended outcome, and purpose” (p.19). We adapted Peters’? (2020, 2.4) Population (or
participants)/Concept/Context (PCC) framework (see Table 1) to generate our research question.

Table 1. — PCC Framework

PCC Element | Definition Example

Population "Important characteristics of participants, including age and Aboriginal and Torres Strait
other qualifying criteria" (Peters?, 2020, 2.4) Islander learners, 5+.

Concept "The core concept examined by the scoping review should be Accessing, connecting to and
clearly articulated to guide the scope and breadth of the inquiry. | participating in a digital and
This may include details that pertain to elements that would be | technological future, and ways to
detailed in a standard systematic review, such as the overcome associated challenges of
"interventions" and/or "phenomena of interest" and/or digital disruptions, and
"outcomes"" (Peters?, 2020, 2.4) technological gaps and divides.

Context "May include... cultural factors such as geographic location Australian public schooling and
and/or specific racial or gender-based interests. In some cases, tertiary studies in digital
context may also encompass details about the specific setting." | technologies (urban environments)
(Peters?, 2020, 2.4)

Emerging from the PCC framework was our overarching research question:

However, our research extended beyond this initial foundation (see Table 2) as we also sought to understand
the needs of a complex Indigenous digital future. Again, using the PCC framework, we sought to generate

How can Indigenous students acquire industry standard qualifications in senior secondary

school necessary for fast tracking entry into industry or future study?

further questions based on Indigenous access and participation online.

Table 2. — Research Inquiry Framework

associated challenges of digital disruptions, and technological gaps and divides.

Topic — Accessing, connecting to, and participating in a digital and technological future, and ways to overcome

Research Question — How can Indigenous students acquire industry standard qualifications in senior secondary school

necessary for fast tracking entry into industry or future study?

Initial Area Supplementary Questions Tertiary Questions
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Existing links to industry

industry or future study?

What pathways already exist into How do we create links to industry

which are inclusive, safe, relational,
and nurture foundational digital skills

for Indigenous learners?

Curriculum What are students currently able to How can curriculum be aligned to
learn in school? engage Indigenous learners
successfully?
Pedagogy What does AITSL require for teaching | What skills do teachers require to

Indigenous students?

teach digital technologies to

Indigenous learners?

Consequently, in each curriculum framework, we utilised our initial overarching research question to guide
the following subsidiary questions:
1. What is the current scope of the curriculum model?
2. ls it effective in meeting the needs of the future?
3. Does it cater to Indigenous learners?
4. What synergy exists across the learning domains?
5. How can it be refined?

Mapping Australian Curricular Sites
Guided by our research questions, we conducted our mapping exercise on the digital-centric curriculum
frameworks offered in Australia. As previously foregrounded, we identified that four primary curricular

bodies exist in Australia®. It is beyond the scope of this paper to recount in full our analysis, however, in the

following section we provide a quick synopsis of each curriculum framework, and a short statement on

inherent limitations!?,

Table 3. Overview of the governing curriculum pathway

Institution

Jurisdiction

Structures

1. Australian
Curriculum
Assessment and
Reporting Authority
(ACARA)

Federally controlled body for
foundation (preparatory) through

to junior secondary (year 10)

ACARA’s curriculum is three dimensional, with eight learning
areas, seven general capabilities and three cross-curriculum

priorities.

2. Queensland
Curriculum and
Assessment Authority

(QCAA)

State controlled program for

senior secondary (Years 11 & 12)

Learning programs provided by QCAA include general and
general extension subjects, applied subjects, short courses,
general (Senior External Examination) subjects, recognised
studies, vocational education and training (VET) courses, school-

based apprenticeships and traineeships, and university subjects.

10 Table 3 provides an overview of the governing curriculum pathways offered throughout the school-post-school pathway.
11 For reference, we provide a more detailed overview of each curriculum framework in the Appendices of this paper (c.f.

Appendix 1-6).
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3. Vocational Education
and Training (VET)

Sector

Federally controlled coordination
of non-university post-school

qualifications

VET offers nationally recognised training including training
packages, qualifications, units of competency, skill sets and
accredited courses, presented by registered training organisations’

(RTOs”), approved vendors to deliver these courses.

4. Australian Institute

Federal controlled body

ATSIL requires three broader fields of Professional Knowledge,

for Teaching and responsible for guiding the Professional Practice, and Professional Engagement, containing
School Leadership graduate requirements of initial thirty-six (36) total components for standard practice.
(AITSIL) teacher education
Findings
rl.C rl]j“l AUSTRALIAN CURRICULUM,
ASSESSMENT AND Australian NATIO .
( ( ( REPORTING AUTHORITY G CURRICULUM NAP:;;“\“,;“ My SC/ZOO/
Home  Aboutus  Cumiculum  Assessment Reporting  Newsandmedia  Contactus
4 i Srmece 4 ewapace

Technologies, Foundation - Year 10 (Version 8.4)

The Australian Curriculum: Technologies consists of the two distinct but related subjects of:

+ Design and Technologies

Curficulum + Digital Technologies

It ensures that all students have an opportunity to learn about, and work with, traditional, contemporary and emerging technologies that
shape the worid in which we live. In creating solutions, as well as responding to the designed world, students will contribute to
sustainable patterns of living for themselves and others.

Foundation - Year 10 cumiculum
Leamning areas / subjects
The Australian Curriculum: Technologies was published in December 2015
Visit the Australian Curriculum website to view the Foundation - Year 10 Australian Curriculum: Technologies
Figure 1: Australian Curriculum Assessment and Reporting Authority’s Design and Technologies and Digital
Technologies curricula

Mapping site 1: Australian Curriculum, Assessment and Reporting Authority (ACARA)

ACARA has developed a general curriculum from preparatory enrolment to year 8 via two learning domains:
Design and Technologies, and Digital Technologies, and offers these two learning domains as two optional
subjects for year 9 and 10 students. The Digital Technologies stream consists of knowledge and
understanding of the information system components of data and digital systems (hardware, software, and
networks). The Design and Technologies stream consists of processes and production skills using digital
systems to create ideas and information, and to define, design and implement digital solutions, and evaluate
these solutions and existing information systems against specified criteria (see Appendix 1). The current P-10
(preparatory to year ten) Australian curriculum offers a broad and insightful rationale as to why technology
and digital studies are important for the present and future. For instance, categorised as ‘general capabilities’,
ACARA considers young Australians in the 21% century should be ‘innovators, entrepreneurs, lifelong
learners’, and ‘responsible global citizens’ (ACARA, 2013, in Falkner et al., 2014). Given the digital divide
between Indigenous and non-Indigenous learners, the generalisation of this framework to all students is
inadequate. Logically, a standardised learning domain approach negates the contextualised needs of diverse
student populations, the specific complexities associated with the digital divide and the issues of remoteness.
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Mapping site 2: Queensland Curriculum Authority (QCAA)

Site map \ Contactus \ Help

Queensland ‘ Queensland Curriculum
% Government OCAA & Assessment Authority

Home ‘ About us ‘ News & data ‘ PD &events ‘ Kindergarten WE{RCEI@'M Senior secondary & Logins

# Home > Prep-Year 10 > Australian Curriculum > Australian Curriculum Version 9.0 in Queensland > Learning areas > Technologies > Digital Technologies

Learning areas Digital Technologies

W English ACiQ|v90

Australian Curriculum v9.0 Planning | Assessment
B Health and Physical Education

Humanities and Social Sciences Australian Curriculum; Digital Technologies

The Australian Curriculum, Assessment and Reporting Authority (ACARA) has reviewed the P-10 Australian Curriculum to ensure
it meets the needs of students and teachers, now and into the future,

W Mathematics View the Digjtal Technologies Curriculum v9.0 &

M science

Languages

Show all +
B Technologies
) ) Understanding v9.0 v
W Design and Technologies
W Digital Technologies Achievement standards and content descriptions v9.0 v

The Arts

Figure 2: Queensland Curriculum and Assessment Authority’s Digital Technologies curriculum for years 11-
12

The QCAA is responsible for the development, implementation, and evolution of curriculum for senior high
school students (grades 11 and 12). QCAA’s general syllabi are founded upon the skills students need to
thrive in the 21% century:

e critical and creative thinking

communication

collaboration and teamwork

personal and social skills

information and communication technology skills.

The QCAA’s curriculum pathway for senior secondary schools offers general and applied learning pathways,
while addressing specific exposure to skills and technologies required for future employment and industry
outcomes (see Appendices 2 & 3). Both pathways largely omit a vast array of digital and technological
curriculums, including computer technology, coding and web development, audio and visual technology,
broadcasting, production, animation, and creative tech (VR, gaming, Augmented Reality, etc.). Given the
rapidly changing techno-centric landscape and skills required to properly engage and thrive in this future, the
absence of cutting-edge technologies, or provisions for Indigenous and marginalised learners, significantly
undermines the offerings within this domain.
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Mapping site 3: National Vocational and Educational Training Sector

Training Regi Project
The Nati Training Regi Project is improving the i ture and that ins the Nati ister. This will support the vocational
education and training sector well into the future. More information can be found here.

£ training.:.:

TATE AND TERRTIONY GOVERNMENTS

Aboutus | Signin

Australian Government

on the updated home page that includes an improved search function that allows you to filter and export search results. You can still access the previous version of the home
arch here

Training.gov.au is the national register of vocational
education and training (VET)

Nationally recognised training ( RTO/Organisation
arch

What is training.gov.au? Who is training.gov.au for?

« registered training organisations

Figure 3: National Vocational and Educational Training Sector

Vocational Education and Training (VET) refers to the vast collection of pathways available as certificates
(e.g., certificates 2-4, diploma & advanced diploma) (see Appendix 4) and micro-credentials (see Appendix 5)
available through Technical and Further Education (TAFE) Queensland, Registered Trade Organisations, and
universities. The many course offerings across the diverse educational institutions provide specific skills for
employment and industry, with content, assessment, and mentoring designed specifically in particular fields
to develop fundamental requisites for future industry roles. Our mapping exercise identified a multitude of
vocational and micro-credential pathways available (i.e., 98 in total) for learners to access. However, we
found the vast array of programs offered at this level are either in person, or online modes, or some
combination of both. Logically, these modes best serve those who are local and can attend in person, or those
with an internet connection and access to a computer or smart device. Fundamental challenges related to
accessibility and cultural appropriateness, as in the previous domains, limit the likelihood Indigenous learners
en masse would complete these offerings and transition into further study or stable industry roles.

Mapping site 4: Australian Institute for Teaching and School Leadership (AITSL)

AITSL is a federal body designed to guide Australian states and territories toward professional excellence in
teaching, teacher education, and school leadership. AITSL has designed The Australian Professional
Standards for Teachers (APST) to govern high standards across the operation of ACARA and QCAA. The
APSTs comprise seven standards—(1) Know students and how they learn, (2) Know the content and how to
teach it, (3) Plan for and implement effective teaching and learning, (4) Create and maintain supportive and
safe learning environments, (5) Assess, provide feedback and report on student learning, (6) Engage in
professional learning, (7) Engage professionally with colleagues, parents/carers and the community—
designed to nurture professional knowledge, professional practice and professional engagement of teachers
and schools.
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Tools & resources Research & evidence Australian Teacher Workforce Data About AITSL News and media Contact us & Support

Teacher Prepare
Standards to teach

Lead & Migrate to Deliver ITE Q
develop Australia programs

Teach

Australian Professional Standards for Teachers

All career stages

> GRADUATE ) PROFICIENT ) HIGHLY ACCOMPLISHED ) LEAD

The Australian Professional Standards for Teachers help you understand and develop your teaching
practice and expertise across 4 career stages. By demonstrating the Standards you can have

maximum impact on all learners.

& Export the Standards [*] Download all the Standards (docx,78 KB)

PROFESSIONAL KNOWLEDGE

Plan for and Create and maintain e Engage professionally
Know students and 2 Know the content and implement effective supportive and safe 5 Ysedba;kpand tonoit Engage in with colleagues,
how they leam how to teach it teaching and leaming epo! professional leaming parents/carers and

leamning environments on student leaming the community

Figure 4 — Australian Institute for Teaching and School Leadership’s Professional Standards for Teachers

Within these standards, there are graduate capabilities associated with technology, which runs as a continuous
thread interconnecting the seven standards. In addition, there are also three specific content descriptors which
address the need for schools and teachers to become expert practitioners of technology in learning (c.f.
strand 2.6, Information and Communication Technology, strand 3.4, Select and Use Resources, and strand
4.5, Use ICT Safely, Responsibly, and Ethically (see Appendix 6)). However, while there is federal leadership
determining the need for technology to be centred in the training of teachers and the teaching of learners in
schools, the priority of the Australian education system over the past decade has been the prioritisation of
literacy and numeracy, largely at the expense of other key learning domains (c.f. Sellar & Lingard, 2013;
Luke, 2012). Consequently, the onus to become tech-savvy and employ digital tools in the classroom is
largely an individual pursuit left to teachers. The directive to fully know, wield and pursue professional
development in technology is personal rather than a mandatory sector requirement. The complexity of
individual access to technology has been shown through the opening discussion in this paper, where digital
literacy is undervalued and not adaptive to the rapidly changing digital landscape and its tools. Indigenous
communities, as well as older teachers, have been shown to be similarly impacted by digital exclusion
(Purcell et al., 2013). Without practical consideration for the nuanced complexity which surrounds digital
inclusion and the role of teachers and schools in bridging the digital divide, implementation of AITSL’s
standards of professional excellence is decontextualised.

Discussion: Support Mechanisms of In-School Digital Pathways for Indigenous Learners

In Australia, there are diverse curricular offerings designed to nurture an array of digital skills, and
knowledge. However, there is no overarching map or pathway connecting these diverse learning skillsets
across the school-post-school nexus. As a result, students may experience a fragmented or inconsistent digital
education, which may limit their ability to develop a comprehensive understanding of the tools and requisite
skills. An overarching map or pathway would provide a structured and cohesive digital literacy learning
experience for students. It is crucial to establish a unified approach to digital education that reflects the
changing needs of the sector and the diversity of students in classrooms. To help bridge the digital divide and
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ensure Indigenous learners have equal opportunities to acquire essential digital skills, we constructed a
rhizomatic curriculum map (see Figure 5). This map employs Deleuze and Guattari’s (1987) non-linear, anti-
hierarchical ‘principles’ underpinning the structure of the ‘rhizome’ (p.7), to visually demonstrate the vast
network of digital-centric nodes available for Indigenous learners. In our view, these nodes can be
purposefully arranged as individualised learning pathways, which can be tailored toward further study and
industry roles. With additional support mechanisms, this personalisation in parallel with the vast array of
digital ‘nodes’ available, can be tailored in school to negate issues of connectivity and geographical location.
These support mechanisms (e.g., culturally attuned, cultural brokers, age-appropriate pedagogies, and
learning factories), emerged from our mapping exercise and are named as four nodal boundary markers
framing the rhizomatic map (see Figure 5).
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At the centre of our rhizomatic diagram (Figure 5) are the three ATSIL high standard requirements for
teachers regarding digital technologies (in blue). These are surrounded by the two streams of QCAA subjects
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(in green) and ACARA (in red), VET (in yellow), and micro-credential pathways*? (in purple). When
examined, these curricular pathways were revealed to hold little information to sufficiently aide Indigenous
learners to pursue digital-centric future study or industry roles. Importantly, the internal structure of the
rhizomatic map is not an ordered or numerical list to be enacted in a particular order. Instead, random
scattering of digital ‘nodes’ demonstrates they are in non-linear relations to the four ‘culturally attuned
support mechanisms which encompass the nodal network (in black). We propose that digital-centric
pathways can be personalised to learners, age levels, digital readiness, and geographic location. It is
extremely important that schools and teachers shape learning pathways to align with culturally attuned
practices, age-appropriate calibration, cultural brokers, and learning factory models.

In the following section we briefly discuss how these support mechanisms can become a bridge to future
research and education program development.

1. Culturally Attuned Practice

The first key support mechanism we propose is the implementation of culturally attuned teaching and
learning practices. Our scoping exercise identified significant disparities between policies and practices
available for Indigenous and non-Indigenous learners in schools. While schools provide a safe and
comfortable environment for most learners, they often neglect or fail to incorporate Indigenous knowledges
and perspectives in their learning experiences (Rigney, 2011, 2019). This lack of familiarity can create
cultural dissonance for Indigenous learners and, importantly, hinder their development of necessary digital
skills for the future. Thus, the maintenance and cultivation of culturally attuned practices in schools are
critical to enhancing digital-centric pathways for Indigenous learners.

Figure 6 below, adapted from the principles of culturally responsive practice, illustrates that human and
material resources, as well as the socio-cultural-political-historical context of learning, are key drivers of
ethical practice in schools. By incorporating Indigenous perspectives into teaching and learning practices,
schools can create an inclusive and supportive environment that enables Indigenous learners to develop the
necessary digital skills to succeed in the future.

Narungga, Kaurna, and Ngarrinjderri scholar, Lester-Irabinna Rigney has been at the forefront of advocating
for digital skills for Indigenous learners and has detailed the role schools must play in disrupting the digital
divide. Rigney considers curriculum and pedagogy to be powerful tools for Indigenous learners ‘if they are
enacted within the context of decolonisation, Indigenous epistemology, ontology, and cosmology’ (2019, p.
1039). Rigney suggests culturally responsive digital schooling contributes to overcoming ‘dominant
educational paradigms’ by considering ‘what it means to know, the roles of the teacher in the learning
process, and the relationship between the teacher and the student’ (Rigney, 2019, p. 1040).

Our mapping project demonstrated the need for existing curriculum pathways to insulate and amplify
culturally attuned practices, so Indigenous students may benefit from digital-centric opportunities toward
further study or industry roles. If digital nodes can be aligned and insulated using culturally attuned practices,
a broad range of Indigenous social, cultural, historical, and political knowledges can be integrated to enhance
translational opportunities for Indigenous learners.

12 Due to the large volume of micro-credentials uncovered over the course of our scoping-review (50 in total), it became clear it
would not be feasible to include each of these courses in our map. Accordingly, we have only included a few examples of
programs available through micro-credential pathways. For a full list, please refer to Appendix 6 at the end of this report.
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Figure 6. — Mapping the Principles of Culturally Responsive Practice

2. Age-Appropriate Education

The second mechanism we propose is the age-appropriate calibration of existing digital nodes. The
Queensland Department of Education's Early Childhood Education and Care emphasizes Age-Appropriate
Pedagogies (AAP) as a research-driven and flexible teaching strategy that enables teachers to plan learning
experiences that are responsive to the child, context, and curriculum (Department of Education, 2023).
According to the Department, AAP is an integral part of systemic curriculum delivery, appropriate as a whole
school approach to pedagogy, and effective within and across diverse educational environments (Department
of Education, 2023).

For Indigenous learners, age-appropriate calibration (AAC) includes culturally attuned consideration of the
wider community and Indigenous structures and systems of generational knowledges (McNair et al., 2012).
As such, our AAC diagram (see Figure 7) prioritises the role of Elders and recognizes the age-specific
divisions already operating in Indigenous communities. Schools can facilitate successful learning through a
better understanding of the importance of generational knowledge and age-appropriate calibration.

It is crucial for educators, support workers, and other staff to approach their interactions with Indigenous
peoples without preconceived notions, stereotypes, or harmful deficit perspectives. For all age groups,
educational spaces are places to nurture knowledge and foster the development of necessary life skills. For
equitable age-appropriate calibration of pedagogy and curriculum, it is vital to include input from all sectors
in Figure 7, and most importantly from the students themselves. The voices and experiences of students
shapes the way they interact with educational environments (Goh et al., 2017). Consequently, it is critical for
teachers to provide opportunities for students and their families to be included in the formation and delivery
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of learning digital experiences. This will ensure that all in-school pathways are accessible, relevant, and
navigable for Indigenous learners.

Traditional
and

Community
Elder

| Community T Ch Ild

|\ Interrelation |

Figure 7. — Generalised Age Groups for Indigenous communities and peoples

3. Cultural Brokers

The third support mechanism involves cultural brokerage. The purpose of cultural brokerage is to enable
appropriate and ethical communication between diverse or divergent stakeholders. In Indigenous education
landscapes, cultural brokers negotiate the contested spaces between disparate knowledge systems and
"negotiate the balancing act between power and respect”, maintaining culturally attuned practices while
mediating between all stakeholders in a school community (Michie, 2014, p. 103) (see Figure 8).

Indigenous

learners

Cultural
Brokers
| i | | |
Support Staff Administration

Figure 8. — Cultural broking in operation, functioning between the learners and broader areas of the
educational landscape.
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As intermediaries between learners and other stakeholders, including official curricula and programs, cultural
brokers occupy a unique position designed to prioritise the interests of learners (Kitchen et al., 2009). Cultural
brokerage is a complex and nuanced process that requires a deliberate and meaningful approach. It is crucial
for "border workers" to recognize the importance of setting aside their power and privilege when interacting
with Indigenous peoples, as scholars suggest that "humbleness” and respect are key components of effective
cultural brokerage (Michie, 2014, p.103). This deeper understanding enables the ability to recognise the
alternative perspectives and ways of knowing that are intrinsic to different knowledge systems and
epistemologies, which in turn fosters trust and respect between cultures (Michie, 2014). Therefore, a system
that includes positions of cultural brokerage as well as sufficient and continual professional development for
teachers and schools will be beneficial for supporting in-school digital pathways for Indigenous learners.

4. Digital Learning Factories

The final support mechanism is learning factory hubs. Learning factories are spaces that incorporate
infrastructure, performance research and education associated with utilising the technologies of Industry 4.0
(Marmier et al., 2021). Learning factories are industrial cells reproduced in an academic environment,
designed to “prepare vocational students for the challenges of Industry 4.0, and “promote the development
of subject-related technical competencies as well as multidisciplinary digital competencies” (Roll &
Ifenthaler, 2021, p.1). In Figure 9, we adapt the Norwegian University of Science and Technology’s Cyber-
Physical Learning Factory (c.f. Vijyan et al., 2019), with triangulated enablers drawn from our research. In
the Norwegian University of Science and Technology’s Cyber-Physical Learning Factory case study, the
Learning factory is shown to be a space which includes:

... a full-scale simulator of a real industrial production with conveyor belts, robots, machining,
autonomous transport units and automatic bearings. There are a large number of built-in sensors and
associated software for simulation, planning, analysis, and data capture (robotic programming,
programming and material flow analysis). It is also adapted for AR (augmented reality) and VR
(virtual reality). We use this equipment for research on Industry 4.0 as a system, and the interaction
between operators, software and machines (Vijyan et al., 2019, para. 4).

Nithyanandamn et al. (2022) asserts that all stakeholders must understand the vision and expectations of local
industrial partners regarding specific industrial skills and processes. In practice, learning factories must also be
reconfigurable and malleable, and must implement a shifting curriculum to support rapidly diversifying digital
technologies (Abele et al., 2017).

Indigenised learning factory hubs could offer industry-authentic, culturally attuned educational spaces for
learners. In our integrated learning factory adaptation, Figure 9 conceptualises the Indigenous-centric learning
factory to be a space where education (students), local communities, and collaboration between industry and
academia all converge (shown in the centre circle). In Australia, there is an education-employment gap and
digital divide between Indigenous and non-Indigenous learners (Rennie et al., 2010; Rennie et al., 2013;
Rigney, 2011, 2019). Subsequently, schools implementing a learning factory model will provide
opportunities for Indigenous learners to gain skillsets necessary for various industry roles, whilst also
engaging in an essential academic program of study.
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Figure 9. — Indigenous Learning factory model (Adapted from the Norwegian University of Science and
Technology’s Cyber-Physical Learning Factory)

Conclusion

Our paper presented the results of a mapping exercise conducted on digital-centric curricular frameworks in
Queensland, Australia. In this project, we found digital technologies have rapidly transformed human
interaction, and already marginalised communities face disproportionate challenges due to limited access to
technology. In Australia, Indigenous communities consistently occupy the lowest rungs on most social welfare
indicators and are most at risk of becoming digitally excluded. Consequently, schools must play a role in
nurturing basic digital literacies and providing access to technology.

Utilizing Trans-systemic inquiry (Battiste & Hendersen, 2021) with the structure of the Rhizome (Deleuze &
Guattari, 1987), we developed a curriculum map of subjects, domains of learning, and graduate attributes across
the school-post-school span. We have shown that digital-centric curricular pathways already exist, however,
these alone are inadequate for redressing issues connected with the Indigenous-specific digital divide. Our
results indicate that schools should seek to insulate already existent digital-centric curricular pathways with
culturally attuned support mechanisms. To stimulate further research and educational design, we provided an
initial discussion upon four emergent support mechanisms— (1) culturally-attuned practice, (2) age-appropriate
education, (3) cultural brokerage, (4) digital learning factories—which, if integrated alongside rhizomatic
curricular pathways, would better enhance digital-centric industry opportunities for Indigenous learners.
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Appendix 1: ACARA digital and technological curriculum

Digital Technologies
(optional)

Year | Subjects Descriptions
F-8 e Design and Technologies e Design Technologies consists of
e Digital Technologies knowledge and understanding of the
(requisite) information system components of
9-10 e Design and Technologies data, and digital systems (hardware,

software, and networks)

Digital Technologies consists of
processes and production skills using
digital systems to create ideas and
information, and to define, design and
implement digital solutions, and
evaluate these solutions and existing
information systems against specified
criteria

Source — https://www.australiancurriculum.edu.au/f-10-curriculum/technologies/
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Appendix 2: QCAA senior technologies subjects’ general syllabus|

Technologies Senior Subjects

General Syllabus

Description

Industry Pathways

Aerospace Systems

Provides opportunities for students to learn
about the fundamentals, history, and future
of the aerospace industry

Aviation management, flying
streams, engineering,
aerospace technical disciplines

Digital Solutions

Enables students to learn about algorithms,
computer languages, and user interfaces
through generating digital solutions to
problems

Science, technologies,
engineering, mathematics

Food and Nutrition

The study of food in the context of food
science, nutrition, and food technologies,
considering the overarching concepts of
waste management, sustainability, and food
protection

Science, technology, health

science, and control technologies through
real-world engineering contexts where
students engage in problem-based learning

Design Focusses on the application of design Architecture, digital media
thinking to envisage creative products, design, fashion design, graphic
services, and environments in response to design, industrial design, interior
human needs, wants, and opportunities design, landscape architecture

Engineering Includes the study of mechanics, materials Civil, mechanical, mechatronic,

electrical, aerospace, mining,
process, chemical, marine,
biomedical, telecommunications,
environmental, micro-nano
systems

Source — https://www.gcaa.qld.edu.au/senior/senior-subjects/technologies
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Appendix 3: QCAA senior technologies subjects’ applied syllabus

Technologies Senior Subjects

Applied Syllabus

Description

Industry Pathways

Building and
construction skills

Focuses on the underpinning industry
practices and construction processes required
to create, maintain, and repair the built
environment.

Civil, residential, commercial

of industries

Furnishing skills Focuses on the underpinning industry Furniture-maker, wood
practices and production processes required | machinist, cabinetmaker,
to manufacture furnishing products with high | polisher, shopfitter, upholsterer,
aesthetic qualities furniture restorer, picture framer,
floor furnisher, glazier
Industrial Focuses on the practices and processes Manufacturing
technology required to manufacture products in a variety

Engineering skills

Focuses on the underpinning industry
practices and processes required to create,
maintain, and repair predominantly metal
products in the engineering manufacturing
industry

Engineering trades

Hospitality practices

Develops knowledge, understanding, and
skills about the hospitality industry and
emphasises the food and beverage sector,
which includes food and beverage
production and service

Hospitality, hotel, events,
tourism, business management

Information and

Focuses on the knowledge, understanding,

ICT operations, helpdesk, sales

technology, and design. Students use their
imaginations to create, innovate, and express
themselves and their ideas, and to design and
produce design solutions in a range of
fashion contexts

communication and skills related to engagement with support, digital media support,

technology (ICT) information and communication technology | office administration, records
through a variety of elective contexts derived | and data management, call
from work, study, and leisure environments centres
of today

Fashion Explores what underpins fashion culture, Design, personal styling,

costume design, production
manufacture, merchandising,
retail

Industrial graphic
skills

Focuses on the underpinning industry
practices and production processes required
to produce technical drawings used in a
variety of industries, including building and
construction, engineering, and furnishing

Manufacturing

Source — https://www.qcaa.gld.edu.au/senior/senior-subjects/technologies
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Certificate Level Area Course Code
I & 111 Manufacturing technology MSM20216
11 Telecommunications technology ICT20319
111 Information technology ICT30120
111 Telecommunications technology ICT30519
1\% Information technology ICT40120
Diploma Information technology ICT50220
Advanced Diploma Information technology ICT60220
Advanced Diploma Engineering technology 22479VIC
II Applied digital technologies ICT20120
111 Electronics and communications UEE30920
Advanced Diploma Professional game development 10702NAT
Advanced Diploma Screen and media CUA60620
11 Applied digital technologies ICT20120
II & IO Telecommunications network build and ICT20219
operation
11 Telecommunications technology ICT20319
Advanced Diploma Robotics and mechatronics engineering 52872WA
Diploma Applied blockchain 10849NAT
Advanced Diploma Applied blockchain 10747TNAT
111 Design fundamentals CUA30720
v Design CUA40720
Diploma Graphic design CUAS50720
Advanced Diploma Graphic design CUA60320
II & 11T Creative industries CUA20220

Source — https://www.myskills.gov.au/
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Appendix 5: Micro-credential pathways into digital and technological fields

Institution

Micro-credentials

University of Technology,
Sydney

Visual data literacy

Python for machine learning

Advanced data visualisation

Advanced data analytics for cybersecurity
Technology entrepreneurship

Curtin University (via Open
Universities Australia)

Animation and motion graphics design
Technologies and digital solutions
Online games, play and gamification
UX design 1

Technologies and coding for teachers
Web communications

Game design introduction

Macquarie University (via Open
Universities Australia)

Applied cyber security Australia
Cyber intelligence
Scientific computing

Murdoch University (via Open
Universities Australia)

Foundations of programming
Introduction to games art and design
Introduction to 3D graphics and animation

Royal Melbourne Institute of
Technology

Introduction to programming; building IT systems
Intelligent enterprise systems

Introduction to computer systems

User-centred design

Programming 1

Data communication and net-centric computing

Web programming’ software engineering fundamentals
Security in computing and IT

Swinburne University of
Technology (via Open
Universities Australia)

Programming concepts
Professional issues in Information Technology

University of New England (via
Open Universities Australia)

Computational thinking

From logic to data processing

Introduction to programming and the UNIX environment
Software development studio 1

University of South Australia
(via Open Universities Australia)

Object oriented programming

Business intelligence

Problem solving and programming

Web design

Introduction to digital media

Digital graphics and imaging

Information and technology fundamentals
Programming concepts

University of Tasmania (via
Open Universities Australia)

Emerging technologies
Information security
Programming principles

Games fundamentals

GIS (introduction)

Data analytics for cyber security
Computer networks
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e Applied technology project
e Design for technology and innovation
Griffith University (via Credly) e 215 century skills

Sources —
e https://open.uts.edu.au/uts-open/study-area/Technology/
e https://www.open.edu.au/courses/subjects?interestAreas=1T%20%26%20computer%20science&enrol

mentType=0pen%?20enrolment

e https://www.rmit.edu.au/study-with-us/levels-of-study/short-
courses?g1=21cc%20Credential;x1=ecbProductLine

o https://www.credly.com/org/griffith-university/badge/21st-century-enterprise-skills
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Contextualizing the Science, Technology, Engineering and Mathematics Gender Gap in
European and sub-Saharan African Universities

Gabrielle Thibeault-Orsi
Ontario Institute for Studies in Education, University of Toronto, Canada

The STEM gender-equality paradox, which occurs when there are greater gender disparities in STEM
education within countries that are considered more gender equal, has raised many questions about
factors causing the disparities in tertiary enrollment. This study aims to understand how different
contextual factors effect enrollment and self-perception of women in tertiary STEM programs across
the European and Sub-Saharan African contexts. This study uses an explanatory sequential mixed-
methods approach with a feminist and gender role theory theoretical framework. An online survey
(NS=188) and interviews (NI=11) were used to investigate the role of sociocultural, student self-
perception and economic factors on tertiary STEM enrollment. Men and women identified different
factors on their pursuit of tertiary education where men indicated financial motives whereas women
expressed personal preferences for STEM. Sociocultural factors were found as a discouraging force
against STEM education for women. Power, and maintaining institutional patriarchy, are concluded as
the key cause for the STEM gender gap. Ignorance and normalized misogyny must be reduced across
the studied contexts to improve gender equity in STEM.

Keywords: STEM, Gender Gap, Europe, sub-Saharan Africa, Higher Education
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STEM 5| FEFICRBERIANEENTFEMERS, STEM HEDRFEE RS

5 XERTHSHEEREAFZERMAZRNTZOR, AMREETTHRIRNE
=ERFRNAFEFCNFEE R U REIEMN R X ESE STEM B PMAZFEHIA
M, AMEEZATERBREINFRSAZ BICESZNLTHE L ARIELE, 8%
“%EE (N=188) #mil (N=11) , MIRFETHEXE. ZEBHINNANETFTRARX
=% STEM AZMEMm, BUHMTEEERSEHAFMNR TARMER, SBiE2ET
S, MEMREXTI STEM BN ARIF. HEXERRHERINEX ZHEHIT STEM
HLEW—FMAN, NAORMERFFIEERXNEEIANZ STEM 5 ZRHXBRRA, EH
BEaT LIRLEMMESENRE, LitkE STEM it |EZF,

Le paradoxe de I'égalite des sexes dans les STEM, qui se produit lorsque des disparités de
genre plus importantes sont observées dans I'éducation STEM au sein de pays considérés
comme plus égalitaires en matiére de genre, a soulevé de nombreuses questions sur les facteurs
a l'origine des disparités dans l'inscription aux études tertiaires. Cette étude vise a comprendre
comment différents facteurs contextuels affectent I'inscription et I'auto-perception des femmes
dans les programmes STEM tertiaires en Europe et en Afrique subsaharienne. Cette étude
utilise une approche methodologique mixte sequentielle explicative avec un cadre théorique
féministe et la théorie des roles de genre. Une enguéte en ligne (NS=188) et des entretiens
(NI=11) ont été utilisés pour étudier le réle des facteurs socioculturels, de I'auto-perception des
étudiants et des facteurs économiques sur l'inscription aux études STEM tertiaires. Les
hommes et les femmes ont identifié différents facteurs dans leur poursuite de I'enseignement
tertiaire, ou les hommes ont indiqué des motifs financiers tandis que les femmes ont exprimé
des préférences personnelles pour les STEM. Les facteurs socioculturels ont été identifiés
comme une force demotivante contre I'éducation STEM pour les femmes. Le pouvoir et le
maintien du patriarcat institutionnel sont conclus comme la principale cause de I'écart entre les
sexes dans les STEM. L'ignorance et la misogynie normalisée doivent étre réduites dans les
contextes étudies pour améliorer I'égalité des sexes dans les STEM.

[Tapagokc renaepHoro paBeHcTBa B oOmact STEM, koTopbiii mposiBisieTcss B TOM, 4YTO
CYIIECTBYIOT OOJBIIINE Te€HIEPHBIC HEpaBeHCTBA B 00pa3oBanuu 1o STEM B cTpanax, koTopsie
CUMTAIOTCSA 0OJiee PaBHOMPABHBIMHU, BBI3BaJ MHOT'O BOIPOCOB O (haKTOpaxX, BHI3BIBAIONINX
HEpaBeHCTBa B 00YYEHUH Ha YPOBHE BBICIIEr0 00pa3oBaHUs. DTO HCCIEI0BaHUE HAIIPABICHO
Ha TO, YTOOBI MOHSATH, KaK Pa3IMYHbIe KOHTEKCTYalbHbIe (DaKTOPHI BIMUSIOT HA 3aYUCICHUE U
CaMOBOCITPHUATHE XKEHIIMH B Mporpammbl Beiciiero oopasosanusi STEM B konTekcre EBporisr
u Adpukun k rory or Caxapbl. B 3TOM wuccienoBaHuM HUCHOJB3YETCS OOBSICHUTEIbHBIN
MOCIIEOBATENbHBIN MOIX0 CMEIIAHHBIX METOJIOB C TEOPETHYECKON OCHOBON (DEMUHUCTCKOM
TEOPUH U TEOPHUM TeHJepHbIX posieid. OunaitH-onpoc (NS=188) u unrepsbto (NI=11) Obun
WCTIOJTB30BaHBI JIJIS1 U3YYCHHS POJIH COIMOKYJIBTYPHBIX (DaKTOPOB, CAMOBOCTIPUSTHSI CTYICHTOB
Y SKOHOMHYECKUX (DaKTOPOB B MOCTYTIJICHUH B BhIcIIue yueOHble 3aBeeHrst STEM. My 4nuHbI
Y JKEHIIVHBI OMPEETHIN Pa3TudHbIe (PAKTOPBI, BIUSIONINE HA UX CTPEMIICHUE K MOYYCHUIO
BBICIIIETO OOpa30BaHMs, TAE MYXXYMHBI yKa3aiaud (UHAHCOBBIE MOTHUBBI, B TO BpEMS Kak
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JKEHILIUHBI BBIPA3UIM JUYHBIE mpeanodyreHuss B oTHomieHuHn STEM. CouunokynbTypHbIE
(baxTopb! OBLIM NMPU3HAHBI clepxkuBaromeit cunoil npotus STEM-00pa3oBaHus 1Uis KEHILUH.
Bnacte U coxpaHeHHE MHCTUTYLHOHAJIBHOIO MAaTpUapXxara CUUTAIOTCS KIIIOUEBOM NMPUUYMHON
rengepHoro paspeiBa B STEM. HeBexxecTBO M HOPMaJIM30BAHHOE >KEHOHEHABHUCTHUYECTBO
JOJDKHBI OBITh YMEHBIIEHBI BO BCEX M3y4YaeMbIX KOHTEKCTaX, 4TOOBl YJIyUYIIUTh T'€HJEpHOE
paBenctBo B STEM.

La paradoja de la igualdad de género en STEM, que se produce cuando hay mayores
disparidades de género en la educacion STEM dentro de los paises que se consideran mas
igualitarios en cuanto al género, ha planteado muchas preguntas sobre los factores que causan
las disparidades en la matriculacion terciaria. EI objetivo de este estudio es comprender cémo
afectan los distintos factores contextuales a la matriculacion y la autopercepcion de las mujeres
en programas terciarios de STEM en los contextos europeo y de Africa subsahariana. Este
estudio utiliza un enfoque explicativo secuencial de métodos mixtos con un marco teorico
feminista y de teoria de los roles de género. Se utilizd una encuesta en linea (NS=188) y
entrevistas (N1=11) para investigar el papel de los factores socioculturales, de autopercepcion
de los estudiantes y factores economicos en la matriculacion en programas STEM de
educacion terciaria. Hombres y mujeres identificaron diferentes factores en su busqueda de
educacion terciaria, donde los hombres indicaron motivos econdmicos mientras que las
mujeres expresaron preferencias personales por las STEM. Los factores socioculturales
resultaron ser una fuerza desalentadora contra la educacion STEM para las mujeres. Se
concluye que el poder y el mantenimiento del patriarcado institucional son la causa principal
de la brecha de género en STEM. La ignorancia y la misoginia normalizadas deben reducirse
en todos los contextos estudiados para mejorar la igualdad de género en STEM.

Introduction

Political unions, such as the African Union (AU) and the European Union (EU), and national governments
have prioritized science, technology, Engineering and Mathematics (STEM) education, and careers, because
they consider that it increases human capital and allows them to compete in a global economy (Barrett, 2017;
Gough, 2015; Ogunniyi & Rollnick, 2015). Through the development of STEM-specific policies,
governments seek to achieve increased human capital, respond to the increased technological demands,
increase scientific literacy amongst primary and secondary students, and attract more students to pursue
higher education degrees in these fields (Gough, 2015). Yet, despite these efforts, there continues to be a
STEM gender gap across Europe and sub-Saharan Africa in both tertiary enrollment and academic attainment
(Dickerson et al., 2015; Eurydice, 2010; Musumba & Oloussa, 2019). Meinck and Brese (2019) claim that
although boys and girls appear to have equal opportunities in most countries, “the traditional patterns keep
influencing in very powerful ways the life course of male and female students” (p. 2). In tertiary education,
women continue to be heavily represented in social fields, such as sociology, psychology, education, whereas
men are primarily represented in STEM-related technical careers (He & al., 2020; Meinck & Brese, 2019;
UNESCO, 2017).

According to Alam and Sanchez Tapia (2020) and Mejia-Rodriguez et al. (2021), grade 4 boys have more
confidence in their math ability than the girls in their grade. Alam and Sanchez Tapia (2020) further state that
in most countries, fifteen-year-old girls have lower self-confidence in STEM-related subjects. Thus, it is
important to explore self-perception as it not only structures student confidence, and interest, but also how
girls perceive their sense of belonging within STEM. Girls who study in more equitable contexts should not
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be confined to traditional gender roles and should therefore be more motivated to pursue these fields for their
post-secondary education (Makarova et al., 2019). The currently observed trend does not reflect this
expectation. Thus, researchers have named this incongruity the gender-equality paradox in STEM education
(Stoet & Geary, 2018).

This study seeks to understand the different factors that are contributing to the STEM gender gap across
European and sub-Saharan African countries. It investigates sociocultural factors, such as societal pressure,
gender roles and stereotypes, while also considering economic, political and self-perception as factors that
influence STEM tertiary enrollment. Despite extensive literature regarding the causes of the gender gap, there
remains uncertainty on the extent context shapes the width of the gap.

This inspired the following research questions: what factors are driving the STEM gender gap across Europe
and sub-Saharan Africa? To what extent is self-perception in STEM education shaped by a student’s context?
And are gender-related inequalities in STEM education perceived differently by gender?

Literature Review
Current Trends in STEM education

Europe

There are currently nineteen countries in the EU that have a minimum difference of 25% between the
proportion of men and women STEM graduates, all of which favour men (European Commission, 2014). In
the United Kingdom (UK), the gender gap is shrinking in certain STEM subjects, such as chemistry and
biology, while remaining relatively unchanged in physics (Smith, 2011). This supports Makarova et al.’s
(2019) notion that students perceive school-level subjects to be gendered. Meinck and Brese (2019) found
that England had reversed the grade 4 mathematics gender gap and that by 2015, girls were outperforming
boys in this grade. Yet, that same year, there were only 18% of current STEM undergraduates who identified
as women and only 10% of the professional engineers across the UK (Stratchan et al., 2018).

A similar trend is observed within the francophone regions. Switzerland has one of the largest STEM gender
gaps out of all the Organization for Economic Co-operation and Development (OECD) countries, specifically
in the French speaking cantons, where only 12-15% of STEM graduates are women (Bamert, 2020). In
France, women constitute roughly 37% of STEM graduates whereas in Belgium, only 6% of women pursue
STEM-related careers (European Institute for Gender Equality, 2019; Ministére de I’enseignement, 2013;
OECD, 2017).

In Finland, Norway, Sweden and Denmark, the representation of women in STEM graduates ranges between
30-35% (Talks et al., 2019). The gender differences are more prevalent when looking at the different STEM
disciplines. In Finland, women represent approximately 69% of students in biology whereas they only
represent 14% of students in electrical engineering (Naukkarinen & Bairoh, 2020). The Finnish gender
differences amongst technical fields becomes even more evident in high school where 37% of boys expressed
interest in pursuing engineering whereas only 9% of girls expressed the same interest (Naukkarinen &
Bairoh, 2020). These trends display similar gendered subject beliefs as other European regions.

Sub-Saharan Africa
The Southern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ) and TIMSS
demonstrate contrasting trends in sub-Saharan Africa. Girls tend to outperform boys on TIMSS across South
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Africa, Ghana, and Botswana (Charles et al., 2014). However, Ouma and Nam (2015) found the opposite
trend in SACMEQ results, where boys outperformed girls in mathematics across Tanzania, Mozambique,
Nigeria, Kenya, Malawi,

Uganda, and Zambia. Charles et al. (2014) also found that African girls displayed more interest in pursuing
STEM education than girls from other continents. Ansong et al. (2020) investigated female achievement
across STEM subjects in Ghana while controlling for teacher, peer, and parental support. They concluded that
when gender was noteworthy, it favoured girls., yet, over time, it shifts to favours boys. Ansong et al. (2020)
also claim this is because as girls grow, they are further exposed to “stereotypes and misconceptions [that]
dampen [their]” interests, attitudes, and motivations to pursue STEM” (p. 14). Dickerson et al. (2015) also
found this trend across all African countries, except Cameroon. Despite expressed interest and good academic
achievement, the enrollment rates for women remain low in STEM programs (Schwab et al., 2016). For
example, in Nigeria, women represent 37.6% of students in science and technology and only 16.4% of
students in Engineering (Ekine & Abay, 2016). In Cameroon public universities, women make up
approximately 34% of STEM students nationally yet, this dramatically decreases to 3% within technology
and 20% for software development fields (Kinge et al., 2020). Thus, women continue to be underrepresented
in tertiary STEM education across sub-Saharan Africa. Similar, to the European context, certain STEM
subjects, specifically the physical sciences, display traditionalist gender patterns.

Factors Causing the STEM Gender Gap

Biological factors

A common belief in the twentieth century was that the STEM gender gap was due to inherent cognitive
differences (Hedges & Nowell, 1995; Keller, 1985). These differences are primarily based on the notion that
boys have a cognitive advantage in math, due to better logical and critical thinking skills. It was argued that
girls needed to work harder to achieve similar results as boys since they are not as naturally gifted in
mathematics. This theory has been highly criticized and disproved by many neuroscientists (Halpern et al.,
2007; Voyer & Voyer, 2014; Wang & Degol, 2017; Wang et al., 2013). The flaw of this theory is also evident
through the academic attainment of girls on large-scale assessments which demonstrate that girls can, and do,
outperform their male peers in mathematics within specific contexts (Charlesworth & Banaji, 2019; Voyer &
Voyer, 2014). Meinck and Brese (2019) claim that if biological factors were true, “patterns would be
consistent across countries and time” (p. 20); however, this does not reflect the observable trends. Thus,
biological factors will not be considered as a cause for the gender-related inequalities throughout this study.

Economic factors

Personal Reasons. A common belief is that women who choose to pursue STEM education in low
socioeconomic contexts may be heavily influenced by the relatively high salaries associated with STEM
careers rather than a genuine passion for these subjects (Deming & Noray, 2019). Certain students perceive
STEM careers as a way for social mobility and to better provide for their families (Friedman et al., 2017).
Roberts and de Oliveira (2016) found that personal financial reasons are not only found in low socioeconomic
countries but also in France. They state that the motivation to pursue STEM education in tertiary education is
not founded on a genuine interest in science but rather on what is perceived as professional success within the
French society. Yet, despite the perceived higher salaries in these professions, there continues to be gender
differences within enrollment. The gender pay gap is believed to be contributing factor to these gender
differences (OECD, 2017; Sweden Gender Equality, 2021). In many West African countries, women state that
there are three main causes for the lack of women in STEM careers and in high-ranking positions. These
consist of salary differences, gender-related harassment and the persistence of a phenomenon known as the
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droit de cuissage (Beck et al., 2020). The latter is a sexual relationship between an employee, or student, and
their superior. This is a “symptom of the privilege enjoyed by the holder of a position of power [...] which
results [because] the solicited woman often has little choice while the one [doing it] is in accordance with the
cultural code” (translated from Beck et al., 2020, p. 50). Young girls are aware that in certain fields,
specifically those that have been historically dominated by men, sexual harassment is a reality they may face.
Sexual harassment by colleagues and superiors is not an isolated issue to western Africa, it occurs around the
world ranging from verbal comments to physical actions (European Union Agency for Fundamental Rights,
2021). Thus, many girls and women are discouraged from pursuing studies and employment in fields where
the risk of sexual harassment and gender-related discrimination is greater.

School Funding. School funding increases available resources which positively improves student learning.
This funding goes towards ensuring all students have access to basic resources such as their own science
textbooks, enough toilets, functional science laboratory rooms for experimental learning and qualified
teachers (Sutherland-Addy, 2008). Unfortunately, many schools in sub-Saharan Africa still struggle with the
necessities for their students (Roberts & al., 2019; Sutherland-Addy, 2008). Roberts et al. (2019) state that on
average, “4.9 children share a textbook in Tanzania, and in Zambia one mathematics textbook is shared
between 3.2” (p. 4) students. Additionally, STEM subjects are generally more costly as there are not only
textbooks but also laboratory supplies and materials. Thus, girls from lower socioeconomic contexts may be
discouraged from pursuing these subjects due to the higher financial burden it may have on their families.
Families within these contexts often prioritize investing in their sons’ futures than their daughters as
daughters will marry into another family (Sutherland-Addy, 2008).

Moreover, there currently exists a STEM teacher shortage across many European and sub- Saharan African
countries (Katsarova, 2020; Roberts & al., 2019). Oftentimes, this shortage of specialists in schools is caused
by the relatively higher salaries in STEM careers (Katsarova, 2020). A higher number of unqualified science
teachers end up teaching STEM, especially in lower socioeconomic contexts (Sutherland-Addy, 2008).
Ansong et al. (2020) determined that teachers are a “consistent positive predictor of STEM performance” (p.
15) amongst girls which emphasizes the importance of countries investing in their science programs and
hiring specialist teachers to maximize positive impact on girl’s interest.

Sociocultural

Lack of Representation. The lack of representation of women in STEM is present under many different forms
such as the language and imagery in textbooks and media, science curriculum, and a lack of women role
models in STEM (Breda et al., 2020; Heybach & Pickup, 2017; Makarova et al., 2019; Stoet & Geary, 2018;
Stratchan et al., 2018). Science textbooks often undervalue women in scientific roles by ignoring or
attributing women'’s successes to their male colleagues. Doing so shapes female self-perception and increases
internalized gender-roles (Makarova et al., 2019). Heybach and Pickup (2017) argue that the current efforts to
address the lack of representation do not adequately tackle the root of the problem in STEM education -
historical and enduring patriarchal sexism. Efforts should aim to move beyond the traditional masculinist
assumptions and should “[reclaim] scientific inquiry as a non-hegemonic endeavor experienced by a spectrum
of identities” (Heybach & Pickup, 2017, p. 624). Thus, shifting away from the current approach to science
should not solely focus on women in science but rather, diversity to increase a sense of belonging for all
students.

Socialization. There exists a common acceptance that STEM subjects, specifically the more technical ones
such as physics, computing, and engineering, are “boy subjects” (Barone & Assirelli, 2020; Biemmi, 2015;
Chise et al., 2019). This is being conveyed to students through a hidden curriculum and the early socialization
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that occurs both inside and outside of schools (Allegrini, 2015; Biemmi, 2015). Students develop their self-
perception and internalized bias through their friends, families, and teachers (Allegrini, 2015; Barone &
Assirelli, 2020; Biemmi, 2015; D’ Agostino et al., 2019). This creates a stereotype threat, as claimed by
Dickerson et al. (2015), where girls perform poorly on tests due to their internalized stereotypes in STEM.
According to Ekine and Abay (2016), in Africa, “exclusion from science can be attributed largely to the
construction of feminine identities, ideologies of domesticity and gender stereotypes”™ (p. 48).

Ignorance. An underlying factor that upholds the STEM gender gap and gender norms is not acknowledging
the inequity as a societal problem. Roberts and de Oliveira (2016) have noted that in France, there exists “a
lack of ‘conscience of a gender problem’ [that] has been observed (EC, 2008, p. 48). Surveys of researchers
identify little recognition of any problem or discrimination” (p. 226). This lack of awareness is also believed
to be the cause of gender disparities in STEM throughout the Scandinavian countries (Talks et al., 2019).
According to Talks et al. (2019), “the widespread perception that Norway, Sweden and Denmark have already
reached peak gender equality is likely part of the reason that the gender divide in tech [...] is yet to be
overcome” (p. 10).

Political

The width of the STEM gender gap has decreased across the studied contexts due to an increased number of
gender-specific policies (Meinck & Brese, 2019). The European Commissions’ Science Education for
Responsible Citizenship (2015) prioritizes “actions to promote gender sensitive practices and innovations in
science learning” (p. 29). Therefore, European countries are meant to prioritize school-level gender sensitive
policies to decrease the gender gap. In France, policy efforts range from curriculum reform to the introduction
of municipal programs, such as STEM workshops in primary schools and national science contests (Roberts
& de Oliveira, 2016). The Swedish government has created the Swedish Gender Equality Agency to promote
gender equity in the workplace and to lower gender-related harassment (Sweden Gender Equality, 2021). In
Ireland, the minister of education has launched a widespan research on gender inequalities within STEM to
“identify clearly effective interventions that address key barriers and build critical assets and skills that young

female learners need to learn and apply to thrive in the STEM subject areas” (Department of Education,
2021).

One of the key policy efforts in sub-Saharan Africa, according to Dube (2015), is to reach gender enrollment
parity in mandatory schooling across the African context. Additionally, Barrett (2017) found that “in many
parts of sub-Saharan Africa, completing upper-secondary is strongly dependent on socioeconomic wealth” (p.
969). African countries who have reached enrollment parity tend to have greater mean achievement results in
STEM-related subjects (Dickerson et al., 2015). Technical and financial assistance from international
organizations has helped sub-Saharan African countries reduce gender differences in STEM education. In
Ghana, these efforts include “the establishment of the Science, Technology, and Mathematics Education
clinics in the 1980s (Lindsay et al., 2017), the Girls’ Education Unit in the late 1990s, and the Science
Resource Centre Project” (Ansong et al., 2020, p. 2). Similar initiatives exist across sub-Saharan Africa and
are often funded by international non-profit organizations (Sutherland-Addy, 2008).

Gender-Equality Paradox

The gender equality paradox in STEM, as found by Stoet and Geary (2018), is when there are greater gender
disparities in STEM education within countries that are considered more gender equal. The European
Commission (2014) discovered that countries with the largest tertiary education STEM cohorts tend to have
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the largest gender differences. Thus, paradoxically, women may be more disadvantaged in countries where
gender equality is superior (Marsh et al., 2021). The gender-equality paradox displays trends in both the
African and European contexts (Stoet & Geary, 2018).

The proposed causes for the gender-equality paradox is focused on sociocultural factors and are also believed
to be linked to economic factors. Stoet and Geary (2018) have concluded this phenomenon is founded on
distal factors, the broad contextual factors that shape student’s motivation such as access to STEM education,
and proximal factors which are based on students’ personal interests and self-perception. I will use this
classification, referring to the former as sociocultural and economic factors and the latter as self-perception.

Theoretical Framework

Feminist theory is used to investigate the STEM gender gap in sub-Saharan and Europe. Gender equality will
be defined using the notion of substantive gender equality which recognizes that equality goes beyond
reaching gender parity by identifying the challenges faced by one gender with the goal of removing or
diminishing the current barriers. Phillips (2005) defines gender as a social construct which “varies with roles,
norms and values of a given society or era” (p. 1) whereas Butler (1988) claims gender is determined through
performative acts rather than being a fixed construct. This is pertinent within STEM education as it reflects
why girls behave a certain way and how this shapes, and is shaped, by their interactions with teachers and
peers. Feminist theories also focus on the lived experiences of women and how patriarchal sexism shapes
sociocultural, economic, and political contexts (Buswell & Jenkins, 1994; Butler, 1988; Waylen, 2014).

Methodology

The use of a mixed methods approach was chosen for this study due to the complexity of the research
problem. An explanatory sequential mixed methods approach was the most suitable methodology to use for
this research as the online survey first explored the role of external factors, such as sociocultural and
economical, whereas the follow-up interviews provided further insight on the trends observed in the
quantitative data.

Global Gender Gap Index

The global gender gap index (GGGI) developed by the World Economic Forum measures gender equality in
countries based on 14 different indicators such as education, health, political representation, and life
expectancy. These indicators are divided into four subindexes — economic participation and opportunity,
educational attainment, health and survival, political empowerment. The overall GGGI ranks countries on
their gender equity using a scale that ranges from 0 to 1, where 0 is the lack of gender equality and 1 is
complete gender equity. Although this study is not meant to be representative of specific countries, the GGGI
was used to classify participating countries into categories of relatively similar gender equity contexts. Table
1 demonstrates the associated ranges, and countries of both survey and interview participants, for each
category.

Table 1 Categorization of Countries using the Global Gender Gap Index

Category Range Countries
Relatively High GGGI >0.80 Ireland, Sweden
Relatively Mid GGGI 0.70-0.79 Belgium, France, Madagascar,
South Africa, Switzerland, UK
Relatively Low GGGI <0.69 Ghana, Nigeria
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Sample

This study used convenience sampling for both the survey and the interviews. Although this sampling method
was the best approach due to time constraints there are many limitations associated to it such as participants
may not be representative of the greater population and it does not consider that a certain population,
specifically in lower socioeconomic regions may not have access to the necessary resources due to high costs,
such as an internet connection. This is significant as the lower socioeconomic countries in this study tend to
correspond to the lower GGGI countries. The sample size was 188 responses for the survey and 11 for the
interviews once controlled for the inclusion and exclusion criteria. Table 2 provides a summary of the
interview participants.

Table 2 Interview Participants Information

Participant Pseudonym | Gender Gap Index Gender Field of Study Level of Study
Participant A Low Man Robotics Doctorate
Participant B Mid Man Earth Science Bachelor
Participant C Mid Man Robotics Doctorate
Participant D Mid Man Earth Science Bachelor
Participant E High Woman Mathematics Doctorate
Participant F Low Woman Computer Doctorate
Participant G Mid Woman Biology Bachelor
Participant H Mid Man Software Bachelor
Participant | High Woman Physics Doctorate
Participant J Mid Man Computer Doctorate
Participant K High Man Statistics Doctorate

Data Analysis

Descriptive statistics were used to analyze the quantitative data. The survey questions were divided to reflect
the expected sociocultural, economic, and personal factors that may influence student pursuit in tertiary
STEM education. Once these questions were categorized, the mean value was calculated to reflect the extent
each factor had on the participants. The mean values from the 5-point Likert-Scale values, where a 1
represents strongly disagree whereas a 5 is strongly agree, are categorized by gender identification.
Qualitative data was first transcribed, then it underwent thematic content coding to extrapolate reoccurring
themes from each interview and open-ended survey question.

Results

Quantitative Data

Nearly all participants indicated having a supportive environment — friends, family, and classmates - and
having STEM-related subjects as their academic strengths in secondary school. The gender roles, the lack of
representation of women in STEM and the personal preference categories had the largest differences between
men and women. The former two categories represent sociocultural factors whereas the latter represents self-
perception. Table 3 illustrates the results relating to the factors causing the STEM gender gap.
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Table 3 Role of Factors on Participants Motivation to Pursue Tertiary STEM Education

Low Gender Gap Index | Mid Gender Gap Index | High Gender Gap Index
Men Women Men Women Men Women
Economic 3.62 3.90 343 3.39 2.67 2.75
Academic Strength 3.98 4.08 3.78 3.14 4.10 4.00
Role of Teachers 2.43 2.49 2.06 2.09 2.00 2.09
Belief in Gendered 3.67 3.53 3.02 3.33 3.53 3.30
Stereotypes
Gender Roles 2.60 4.07 1.94 3.01 2.00 341
Supportive
Environment 4.16 4.2 3.58 3.63 4.01 4.19
Personal Preferences
2.85 4.13 2.49 3.26 2.85 4.17
Societal Pressure 2.57 2.69 1.73 2.09 1.47 2.15
Lack of
Representation (of 2.89 3.44 2.66 3.13 3.14 3.30
Women)

The perceived discrimination is divided into three categories: within STEM subjects, students’ universities,
and their contexts. The findings are represented in Table 4.

Table 4 Perceived Discrimination by Subjects, University and Context

| Low Gender Gap Index | Mid Gender Gap Index | High Gender Gap Index

Men Women Men Women Men Women
Perceived
Discrimination 3.71 3.83 3.55 4.24 4.1 4.39
in Subjects
Perceived
Discrimination 2.92 2.9 3.03 3.14 3.75 3.89
in University
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Perceived
Discrimination 3.67 3.8 4.03 4.43 4.4 3.6
in Context

Participants, across each context, recognize the existence of gender-related inequalities in STEM subjects.
Across all categories, except perceived discrimination in their context in the high GGGI category, men
perceive discrimination at a lower rate than women. Although the perceived discrimination provides insight
on how students recognize discrimination, participants personal experience with discrimination provides
insight on their lived experience.

There were 30.8%, 40.6% and 60% of men in the low, mid, and high GGGI contexts respectively, who had
faced discrimination whereas 50%, 69.9% and 70% of women, respectively, who had faced discrimination.
Men, across all contexts, expressed experiencing discrimination from strangers. Within the mid GGGI
category, men shared they also faced injustice and discrimination from their professors and classmates
whereas in the high GGGI context, men reported facing discrimination from their families, friends, and
classmates. Women from low and high GGGI contexts faced discrimination from their family and friends;
however, participants from the former also indicated other community members whereas participants from
the latter indicated their classmates. Women from the mid GGGI context indicated professors and strangers as
the largest perpetrators of discrimination and also indicated their classmates and families as well.

Participants were asked to describe themselves using three adjectives at the start of the survey and then were
asked to describe a scientist using three adjectives at the end. Participants described themselves using an array
of adjectives such as funny, unique, beautiful, honest. To describe scientists, participants often used words
such as curious, determined, hardworking, intelligent, and logical. There was a reoccurring theme of
participants using the same adjectives to self-describe themselves and scientists. The percentage of overlap
between adjectives used by participants to describe themselves and scientists is indicated in Table 5.

Table 5 Percentage (%) of Word Overlap Used by Participants to Describe Themselves and Scientists

Low Gender Gap Index Mid Gender Gap Index High Gender Gap Index
Men Women Men Women Men Women
38 50 35 49 33 63

There are large discrepancies between how men and women self-describe themselves. Men had 33-38% of
word overlap when describing themselves and scientists whereas women had between 49-63% word overlap.
Additionally, some women, specifically in the low and mid GGGI contexts, used words to indicate strength
such as brave, resilient, hard-headed, tolerant, mature, and perseverant. In contrast, women from the French-
speaking mid GGGI contexts also used words to express that they were fragile and sensitive. Across all
contexts, men often used words such as easygoing, friendly, cool, honest, and happy to describe themselves.

Qualitative Data

Participants first discussed how they perceived equality within their contexts. In the low GGGI contexts,
participant A stated that social reasons are the predominant cause of the STEM gender gap whereas
participant F stated that it is primarily due to poverty.
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The [many] causes come from the problem of education in Nigeria. One is unstable academic staff
the schools. [...] [Secondly], the problem of population has made the classrooms range from 40-50
[students]. And in some instances, we have 60 students in [a college] class, you can imagine what
the laboratory will be like. (Participant F)

Participant J acknowledged the privilege he has as a white man and that he found it difficult to recognize

inequalities in France:
The thing in France is there are no [...] significant events like [the polytechnic shootings] which
makes everyone say yes [this is a problem]. [...] Right after the murder of George Floyd in the
United States, it was already well known worldwide that the United States is slightly racist. But |
didn’t think there was really any racist violence in France. And yet, several articles of this were
released [that] proved that well yes, in fact, it was very present. It may just be something that we are
all in denial about saying so we say ‘Yeah, I see equality’. (Participant J)

Participant G claimed that there is a social expectation in her context for women to settle down, get married,
have children. Also, according to participant G, despite media coverage on “the Violence Against Women
[...]so much of it is just normalized and seen as women's responsibility rather than men’s responsibility”.
Participant E believes Ireland is pays special attention to gender equity whereas Participant K explained that
it has become too feminist.

Historically [Ireland has been] appallingly misogynist. There’s so much evidence, you can’t deny
that. [...] Now, I think Ireland, because a lot of the feminists of the past who have got themselves
into public office and positions of power. [...] I think it’s gone too far. (Participant K)

Lack of Real Action

Many participants expressed the hypocrisy by the government and universities that claim there are no gender
inequalities, yet in computer science there are obvious gender disparities. Participant J claimed that nationally
elected officials are not doing enough to create programs that break down gender stereotypes in this field.
Moreover, participant E shared that initiatives such as round table discussions regarding equity exist in her
university, however, the men in her department express disinterest in them. Participant E believed this
disinterest originates from a lack of understanding of women’s lived experience:

I think guys can’t fully understand. Even if you’re a sensible guy even, if you’re very nice, and try to
always act in the correct way, they don’t really fully understand. Even my husband is very nice guy,
but when we talk about discrimination, or the fear of walking in a dark road, he doesn’t really
understand what the feeling is since he feels safe. (Participant E)

Finally, participant I also from a high GGGI context expressed that the message of gender equality gets lost
through media. She expressed that the “documentaries [where] women scientists get brought into daylight is
just as kind of like this ‘Oh, look at us. We’re so progressive. We made a documentary about the female
scientist’”. This has caused her to internalize gender bias and question why STEM conferences choose
women to present. Is it because of their gender and meeting a certain quota or is it because they greatly
contributed to the academic community? Participant K believed women are provided opportunities due to
their gender rather than their merit:

Nobody’s talking about meritocracy, it’s equity. Right? So, if you’re the right gender, it doesn’t
matter if you’re [the best candidate]. If ’'m either going for a job or promotion or something, and
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there’s a woman there, it doesn’t matter how good I am. The fact that I’m a man means ‘too bad, you
don’t get the job’. That can never be right. That’s crazy. That’s actually crazy. Because not only is it
discrimination [...]. It’s hypocrisy, right? It's the same discrimination as before. But now, it's worse
than that, because you're actually putting the wrong person in the role [...] which is illogical, as well
as being discriminatory. (Participant K)

The Importance of Role Models
There are three participants who identified the crucial role of having women role models in STEM for girls’
self-perception. Participant A and F, both from Africa, explained the importance of mentorship and support
within their communities. Participant F explained the importance for girls to have a positive role model,
someone who is successful and has a family:
It is important for me to be a good role model because [...] I want to pass on a legacy [...] I want to
be good role model, so that the resultant effect to the society will be fair, all of us will have a good
society, a developed world in developed society. And there will be no need for anybody to be
running to other countries to seek greener pastures, to be able to stay in our nation and develop it
autonomously for our own benefit. (Participant F)

Gender Stereotypes and Roles

Nearly all participants recognized that gender stereotypes, gender norms and gender roles exist within their
context. Some expressed how women who pursue STEM are perceived, 90% of participants expressed gender
roles and stereotypes that are implicitly taught in their communities and 55% expressed how they, or women
they know, had internalized these stereotypes.

Participant A expressed that in the low GGGI context, women who study STEM are perceived to be “hard
females, serious minded females”. He later expressed that in his “early days in the university, when a girl
[studied] engineering, people tend to look at her [as if she was] a man”. Participant F expressed girls in this
context also believed their menstrual cycles makes them weak and thus believe men are stronger, more
capable than they are.

Participant F and G both expressed the belief that boys and men are generally considered better in
mathematics than women. Participant C and G expressed that in the mid GGGI context, women are expected
to be mothers and take care of their children. For this same reason, participant A expressed that women are
better suited for teaching jobs than industry careers since they must also have time to take care of their
children. Participant F mentioned the important role women play within their society:

In Africa, there’s this belief we have when you educate a girl, you have an educated nation. Women
in the future are the one that give birth to children and the power of influence on those children. So if
women, if ladies, if girls have been encouraged to [have] power [...] you will see the real result
being that they’ve already [been] able to pass it across to their children, and children’s-children, will
live on that legacy. And there will be general development in the nation. [...] The power lies in the
women to grow the nation faster, even [more] than the man, because we believe in our society,
women have time to train their children [...] where the resultant effect will be a positive impact on
our society. (Participant F).

Participant G shared her belief that gender roles are also at the root of the gender disparities amongst teaching
staff. She explains:
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I didn’t have a single male primary school teacher. In secondary school, there were more male
teachers. And then University [men are mostly] my lecturers. The portion rises as the role of teachers
is less of caring for children, like in primary school and more about teaching.

Subject Differences

Biological sciences, including medicine and psychology, were deemed to have more women than
engineering, robotics, and computer science. Participant I studied engineering physics for her undergraduate
degree and shared that roughly 15% of her cohort were women. Participant G explained that the cause of the
gender gap was because biological sciences were considered to be easier since they are associated to less
mathematics. She also expressed her belief that boys lose interest in fields that become predominantly
feminine.

Discussion

Historically, men have dominated STEM fields and the scientific community has often overlooked, or
discredited, women’s contributions. Rossiter (1993) explains the Matilda Effect as “the over-recognition of
those at the top of the scientific profession” (p. 326) to highlight the repression of the contributions of women
in scientific fields. The Matilda effect is still occurring today, despite the common belief that women are
equal in STEM education. The findings of this study align with this belief since participants assumed women
do not face discrimination in STEM education. The following sub-sections discuss the key findings of this
study, they explore the power dynamics that were observed through the themes of motivation, ignorance,
stereotypes and gender roles and the coping mechanisms women have in STEM.

Internal Versus External Motivation

Internal motivation represents the motivation that comes from within participants, such as personal interests,
whereas external motivation represents the motivation that comes externally through grades, parents, and
friends. Financial reasons and academic strengths were found to be the main reasons men in the low and mid
GGGI contexts pursued STEM education whereas women in these contexts indicated academic strengths and
personal preference. Women from the mid GGGI context also expressed financial reasons as a reason for their
STEM pursuit.

According to Maltese and Cooper (2017) boys tend to be more interested in pursuing STEM education which
explains their higher enrollment rates in tertiary education. This, however, does not reflect the findings of this
study. The men identified financial reasons and academic strengths as their main reasons to pursue STEM
education, not personal interest. The lack of identified personal preference by men implies that they are not
necessarily passionate about STEM but rather they have excelled in these subjects and have gotten external
motivation, from their teachers and parents, to pursue a degree in STEM. Women, however, indicated
personal preference as a driving force for their pursuit of STEM education indicating that women have more
internal motivation. The higher internal motivation in women may be caused by the higher rate of
marginalization, stereotypes, and unconscious bias that they will need to overcome. Men do not face as many
barriers in STEM, and they do not have to overcome the Mathilda effect, so there is less need for men to be
passionate about the studied subjects. Women, on the other hand, would need internal motivation and have
the necessary drive to go against the patriarchy in STEM that tries to marginalize them.

Societal Ignorance

Ignorance is a barrier to achieving gender equity in STEM education as it overlooks the underlying societal
problem as it normalizes false beliefs of women and their capacities while also overlooking the barriers
women face. Active ignorance is defined by Medina (2016) as a profound lack of knowledge that is
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entrenched in society to promote social reproduction. Active ignorance, which is very similar to willful
blindness, plays a significant role in the STEM gender gap as it promotes stereotypes, allows men to overlook
the discrimination that takes place and relieves them from the responsibility of making any significant
change. This is the type of ignorance that perpetuates the marginalization of gender, sexual, religious, and
racial minorities in a country. Willful blindness maintains the current power dynamics — normalizing men as
the oppressor and the benefiter.

This study found that 70% of the women from the mid and high GGGI contexts indicated having personally
experienced discrimination in STEM education. Yet, despite having indicated their personal experience with
discrimination, women from mid and high GGGI contexts did not recognize discrimination in their
universities as significant. Men, except those from the high equity context, did not recognize that
discrimination took place in their universities, countries, or programs at all. Women seemed to normalize their
personal experience with discrimination due to the deeply rooted societal ignorance.

Another example of active ignorance was Participant K’s belief that Ireland is now discriminatory against
men as he felt disadvantaged in hiring practices. This belief implies that he does not believe women are being
hired due to their merit and that he believes he is being discriminated against due to the anti-discriminatory
policies that are in place to ensure a diverse workplace. Yet, he overlooks that women are still disadvantaged
in hiring practices. According to Quadlin (2018) men in STEM are more likely to get hired due to their
credentials than high achieving women because women were more often judged on their likeability rather
than their merit. Participant K’s belief on discriminatory hiring practice is reflective of a societal problem and
lack of awareness of the barrier’s women face - sexism. This belief of men that they face gender-related
discrimination demonstrates a loss of power and their subconscious need to maintain power because they feel
that women are only being employed due to their gender, not their qualifications.

Certain men and women from the mid GGGI context also indicated that gender discrepancies are due to
women being not as capable nor as interested in STEM as men. A participant claimed that “if the men are
more numerous, it is surely not because of inequalities, but surely because their CVs are better adapted”. This
participant, like others, who shared a similar opinion came from France and Switzerland. Gender disparities
in STEM professions are high in French-speaking countries (European Institute for Gender Equality, 2019;
Ministére de 1’enseignement, 2013; OECD, 2017; Roberts & de Oliveira, 2016). Another participant
articulated that gender discrepancies exist because:

Men tend to act more logically than women, which makes science subjects more popular with these
people. Men tend to be more extreme than more moderate women, which means that men take hard
sciences (physics, maths) and may for some orient themselves towards physical professions,
represented by men in the majority.

According to this participant, gender is an immovable thing determined by biological traits rather than a
social construct. Women, also, responded with similar statements that indicated they believed in socially
constructed gender stereotypes and assumptions. One participant expressed:

Everyone is moving towards the studies that interests them regardless of their gender. Of course,
there are more men in STEM fields, but that is not why men tend to go to these fields and women
tend to flee them. It all depends on individual tastes. In France, there is no discrimination between
genders in higher education. Everyone is free to go where they want.
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Although women in France are allowed to pursue STEM, the previously expressed views overlook the
barriers girls face from a young age that limit student self-perception, and interest, in STEM. These quotes
highlight the belief that women are not as capable in subjects that are perceived to be difficult, such as
physics and mathematics. Other participants from the mid GGGI category expressed different views on why
gender disparities exist. One participant shared:

[1t] is due to the fact that society too often tells women that STEM is still “reserved” for men
although this is not the case. The fact that there is very little representation of women known for
their research in science does not help women to project themselves into these studies. In addition, in
the case of [fieldwork], women are not helped either (a young student who has her period during a
field trip when there is no toilet may feel uncomfortable). In addition, science studies tend to be long
and young women constantly hear the fact that we should not have children too late especially by
our close family which can make them worried about their studies. Intellectually and physically,
women are as capable as men to pursue STEM studies.

The answer shared by this participant demonstrates the lack of resources to accommodate women and the
reinforced gender roles women face during their pursuit of STEM education. Another participant expressed
his belief that early childhood socialization plays a significant role in shaping interest:

Usually there are more men [in STEM], this stems from the interests that kids are made to pursue
when they are still young, for example getting boys toy cars, they are more likely to develop an
interest in wanting to find out what makes it move.

It is important to recognize that willful blindness is a privilege that participants have. They are actively
overlooking that girls are socialized differently than boys and that gender equality has not been reached
within their country. In the mid GGGI context, most men did not recognize that gender equality in STEM was
a problem nor that women faced barriers. There was only one interviewed man, participant J, who recognized
his privilege as a white man in France. He expressed the difficulty of recognizing the gender-related
inequalities prior to confronting his own unconscious bias. It is much easier to live in ignorance than to face
the reality that people within your community are being marginalized and discriminated against.

Men need to actively inform themselves and confront their own ignorance. The lack of recognition of gender
inequity as a problem suggests that this will continue to be reproduced. Women also often indicated gender
inequalities in STEM are reflective of a greater societal problem such as women’s safety and domestic abuse
as well as a lack of employment opportunity. The lack of recognition also promotes hypocrisy in society, and
a false sense of knowledge, such as female empowerment in the Scottish history curricula yet, women from
another UK country, Northern Ireland, did not have access to safe and legal abortions.

Stereotypes and Gender Roles

Stereotypes and gender roles are a way that normalized gender norms and constructs are upheld. Although,
literature demonstrates men believe in traditional gender roles more often than women, the belief of gender-
related stereotypes was observed across all low and mid equity categories (Brewster & Padavic, 2000; Dicke
& al., 2019). If all participants have an underlying belief in gendered stereotypes, it may ultimately reflect the
greater population’s cultural expectations of different genders.

The most reoccurring stereotypes and gender roles shared by participants were that boys are considered better
in mathematics and logical thinking, whereas girls and women are considered more emotional and irrational.
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Another common belief was that women, and girls, have innate maternal instincts making them more caring
than boys — ultimately more suitable for medical fields. Certain survey and interview participants in the mid
GGGI context explained the higher enrollment rates of women in biological sciences were attributed to this
maternal instinct. However, this perceived maternal instinct is a social construct to ensure social reproduction
of gender roles which are also socially constructed (Reseth et al., 2018). New parents can both develop strong
bonds, or caring instincts, for a newborn. This instinct, or bond, is created through the release of oxytocin in
the brain (Gibbens, 2018). The brain is composed of a mosaic of sections rather than distinct male-female
brains and the brain of new parents releases the same amount of oxytocin regardless of the biological sex of
the parents (Gibbens, 2018; Joel et al., 2015).

Girls who are exposed to these beliefs and gender roles are more likely to internalize these stereotypes (Dicke
et al., 2019; Kray et al., 2017). The internalized belief, by women in the mid GGGI context, that boys are
better than girls in mathematics and that women prefer biological sciences due to inherent traits demonstrates
the relationship between motivation, self-perception and stereotypes. These internalized stereotypes also
coincide with Participant G’s explanation for the higher enrollment rate in biology where girls believe this
field would be easier for them because there is less mathematics. Similarly, the reinforced belief that women
are meant to be caretakers further explains why women pursue biological fields since they are considered
more social, caring and people oriented. Girl’s lack of self-confidence in their mathematical ability, due to
stereotypes, coupled with women’s performance of gender roles, due to child-bearing expectations,
illuminates the negative effect of gender stereotypes on the STEM gender gap. It also highlights how men
maintain power without performing explicit forms of discrimination.

Internalized Misogyny — Normalized Behaviour

Internalized misogyny is another reoccurring theme in this study as it was especially apparent in women
normalizing the discriminatory behavior of men in their contexts. The normalized behaviour of men upholds
the status quo. Although Tuck and Yang’s (2012) moves to innocence applies to settlers and their lack of
taking responsibility for the systematic discrimination against indigenous people, there are parallels with the
observed lack of action by men and women in these contexts. In their own sense, men have their moves to
innocence in maintaining the patriarchy and their lack of awareness of the detrimental effect of their actions,
and lack of action.

Although men do not face the same cultural expectations as women, which makes it harder for them to
understand the STEM gender-related inequalities, men often do not do the necessary work to understand the
barriers women face in these fields. Participant E indicated the conscious efforts by her department to
increase equity, diversity, and inclusivity by holding round-table discussions to improve gender equity in their
mathematics department. According to Flood (2015), “men show both support for, and resistance to, gender
equality. Including men in gender work ideally involves the recognition of this diversity, and the adoption of
different strategies in responding to resistance while mobilizing and building on support” (p. 5). This quote
reflects the university efforts described by participant E, yet men continue to show resistance, or disinterest,
in participating. Flood (2015) continues by claiming men become interested when they feel that their personal
experience is considered and when they can benefit from the change. Although men’s experience is important,
it should not come at the expense of women’s and other gender minorities experiences. Men need to
challenge their own beliefs and recognize that it is in their best interests to make change in their communities.
Flood (2015) states that “there is a moral imperative that men give up their unjust share of power, and men
themselves will benefit from advancing towards gender equality” (p. 5). Encouraging more women to pursue
STEM should open the conversation of increasing paternity leave as there will be a higher number of women
in professional STEM careers. Illustrating that everyone is beneficial when gender equality is reached. Yet,
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despite this, many men overlook their role in achieving gender equity nor do they take it upon themselves to
challenge the status quo.

Moreover, the institution plays a significant role in maintaining current gender disparities despite surface-
level efforts. According to Waylen (2014), there are “multiple and intersecting unequal power relations [...] in
many institutional arenas—including judicial and political systems—despite measures such as quotas and
equalities legislation. Changing institutions is therefore a fundamental part of lessening gender inequality” (p.
212). Institutional change should be top-down. Students should not be expected to be the only stakeholders
demanding and creating change in their universities. Interviewed participants mentioned the efforts being
done by government officials and the institution and suggested that these surface level changes are
performative acts to show the public that gender equity is a priority, or achieved, in their countries.
Performative acts must be challenged as it perpetuates inequalities, and it causes marginalized individuals to
do more work to resist the status quo — similar to the moves of innocence indicated by Tuck and Yang (2012).

Coping Mechanisms

Coping mechanisms have been developed by women to survive in male dominated fields. These coping
mechanisms are divided by two important locations in the development of student interest — the household
and schools.

1. Household

At first glance, the household displayed contradictory roles in shaping participants’ self- perception and
perpetuation of STEM gender inequalities. Interviewed participants discussed the importance of having a
supportive family in their pursuit of tertiary STEM education since they felt supported financially,
emotionally, and by inspiring them to pursue STEM. Despite this support, participants also identified the
household as a location where discrimination took place for women of low GGGI, participants in the mid
GGGI and men in the high GGGI contexts. Families perpetuate gender stereotypes, often subconsciously,
through early childhood socialization and gendered toys. Maltese and Cooper (2017) explain that children’s
experience with toys initiates STEM interest and self-perception from a young age and that “males more
frequently than females cited building, tinkering, or taking apart mechanical objects or electronics and media,
whereas females more frequently referred to playing or spending time outdoors” (p. 5). Girls are socialized
differently than boys, and children develop their future interests through the activities and toys they had
experienced during their childhood. Giving dolls to girls, and cars to boys informs children of their future
roles, and interests, in society - ultimately leading to the performative acts that constitute their gender identity.
Through the binary divide of activities and toys, social reproduction continues and the status quo is preserved
(Butler, 1988). Children of all genders would benefit from having greater freedom to explore different
activities and toys without the constraints of traditional gender norms.

2. School

Universities and high schools were identified as the two main settings where participants experienced
discrimination. Participants identified different stakeholders, such as classmates, professors, and teaching
assistants, as perpetrators of discrimination yet there was a reluctance to identify the location itself as
discriminatory. Morrison et al. (2005) found a similar reluctance of women in identifying gender inequalities
within university. They claimed the lack of recognition of gender inequalities was a coping mechanism
developed by women to survive in fields that are dominated by men. It is easier to accept the status quo than
to challenge it.
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High school was identified as a significant location where discrimination took place. Men shared that teachers
were the key perpetrators due to their discriminatory comments about students’ weight, ethnicity, and gender
whereas women identified their classmates. Interviewed participants also expressed that girls in high school
were perceived as objects, or that it was socially acceptable for boys to make negative comments about them
since boys did not face consequences for this behaviour. The lack of consequences against boys for such
comments informs girls that they are considered inferior and that their physical traits are more noteworthy
than their intellect. Moreover, participant K and A made comments regarding careers that are more, or less,
suitable for women. Participant K claims that women are less logical and less focused than men, ultimately
making them less suitable for technical STEM careers whereas participant A claimed that women were better
suited for teaching jobs or secretary jobs since they’ll become mothers. Girls that are exposed to these beliefs,
especially at a young age, could internalize these comments and may be more likely to face a stereotype
threat.

Women develop coping mechanisms such as internalizing the stereotype of scientists to fit within these fields.
The survey found that women tended to internalize the scientist persona and traits at a higher rate, nearly
double the rate of men. It reflects women’s need to belong in these subjects. The words women used to
describe themselves centered around being curious, determined, hardworking, intelligent, hard-headed,
mature, and perseverant. Yet, women also used words that implies they have faced resistance in their fields
such as being brave, resilient, and tolerant. These words suggest that it has been challenging for them to
pursue their chosen fields. A participant further stated:

A girl who performs well in school will be more easily considered by the educational staff, or her
family, as a ‘studious’ student while a boy will be regarded as an ‘intelligent’ student. Therefore, it
creates an unconscious bias in the field of science for [boys and girls]. The latter tending to
underestimate herself by equating her success with the efforts made rather than her own abilities.

This quote identifies the bias that exists within physical science subjects where girls who succeed are studious
or must put in more effort to achieve the same results as boys who are “naturally” intellectually gifted in these
subjects. This belief is founded in stereotypes and is subconsciously transmitted by parents and teachers’
language choice, such as ‘studious’ vs ‘smart’. Girls internalize the belief that they are not as naturally gifted
in school, especially in the physical sciences, and thus internalize a scientist stereotype as a way to belong in
STEM.

Limitations and Validity
The main sources of errors encountered during data collection in the survey are coverage errors and non-
response errors.

Coverage error

The initial target population was much larger and had more countries in the high and low GGGI contexts.
This would have provided more perspectives from participants in both low and high GGGI contexts. The low
sample size was most likely encountered due to the short timeframe associated with data collection. If the
recruitment and survey data collection were longer than one month, more individuals would have been
contacted.

Non-Response Errors
Some participants did not answer all questions. This may be due to how certain questions were formulated or
the length of the survey. The lack of responses affected the mean values and does not necessarily represent
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how the participants feel about the different factors in this context. The non-response errors in the survey
lowers the internal validity.

Global Gender Gap Index

Madagascar was the only country that was difficult to classify as it did not have a similar index to the other
countries in the mid GGGI context nor to the studied countries in the low GGGI context. This country should
have been classified as a mid-low GGGI context instead of being grouped with the rest of the mid GGGI
countries. This country had a relatively low response rate and thus did not impact the internal validity of the
study. Moreover, the UK is classified as a single entity despite having different laws regarding gender equity
and educational policies. If Scotland was separate to Northern Ireland and England, Scotland may be
classified as a more equitable context due to their progressive policies.

Conclusion

This paper studied the factors contributing to the gender-related inequalities in tertiary STEM education and
how students perceive gender-related inequalities within their contexts.

Academic preferences were identified by women as their main motivating factor — indicating that women are
driven by internal motivation. Men in the study, however, were motivated by financial aspects indicating that
they were driven more by external motivation factors. Moreover, it was found that men and women
understand gender-related differences differently. Men did not recognize that over 70% of women in the mid
and high GGGI contexts expressed having personally experienced discrimination in their country, schools,
and households. This lack of recognition by men demonstrates the active ignorance that exists and how men
and women have very different lived experiences. Interview participants also expressed that gender- related
discrimination were normalized. Women also described themselves using the same adjectives as those used to
describe scientists, implying that they feel the need to have these traits to succeed in STEM.

Sociocultural factors were found to have the most significant role on women’s self- perception in STEM
education. Stereotypes and gender roles negatively impacted women’s self- perception and interest in STEM.
The women from the low and mid GGGI contexts had internalized stereotypes that exist about girls’ ability in
mathematics and traditional gender roles. It was also found that stereotypes such as girls’ poor ability in
mathematics, shaped girls’ interest and motivation to pursue STEM education. This could ultimately explain
why women tend to pursue biological sciences instead of physical sciences.

The findings of this study are significant as they provide insight on the factors shaping student self-perception
and motivation to pursue STEM education across European and sub- Saharan African countries. The
inclusion of countries from French-speaking countries is pertinent as the perspectives from these countries are
often overlooked. Participants from French-speaking countries provided insight on gender equality and
gender minorities are perceived — demonstrating the persistent sexism and the internalized misogyny of
women. This paper provides a foundation for future research where sociocultural factors should be further
explored. Future studies should explore the beliefs of stereotypes across high school to better understand how
student self- perception is formed during adolescence.

This study not only shows which type of factor is influencing students’ motivation and interest in tertiary
STEM education, it also demonstrates that understudied contexts, such as French-speaking countries, must be
further considered as they do not reflect the same findings as their neighboring English-speaking countries.

Finally, this study shares the experiences and perspectives of 11 interviewed participants who have very
different upbringings and perspectives. Their viewpoints are unique and when coupled with the survey
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answers and literature, a clear reoccurring problem for the STEM gender gap is concluded — the power
dynamics that maintain the patriarchy. To achieve gender equity in STEM, the patriarchy must be challenged,
and the scientific community must recognize the historical injustices against women in STEM.
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Profile of a Comparative and International Education Leader: Crain Arthur
Soudien

Yunus Omar
University of Cape Town, South Africa

This biographical sketch of Professor Crain Arthur Soudien traces his roots in
a historic little settlement in Johannesburg through to his settling in Cape
Town, where he carves out a life and career that is thoughtful, grounded in the
realities of gross inequalities and pervasive discriminations, and the challenge
of (re-)inventing his pedagogical self as South Africa transitions from
Apartheid to a democratic order. It traces the educational and intellectual
origins of a man who continues to seek answers and insights into that most
elusive thing: how people learn and how they carry this learning into the
everyday-ness of their lives. The paper offers a glimpse into the ways in which
personhood for Professor Crain Soudien is never about the individual only.
Rather, it offers an opportunity for readers to engage with a man who is
always-in-the-making: always problematising the taken-for-granted
assumptions that come to define what we might consider ‘being fully human’.
Through his narrative, and other sources, we are offered an opportunity to
engage with a person who has come to be recognised as a leading global
intellectual in the field of Comparative and International Development
Education (CIDE). The article draws on several data sources, including semi-
structured interviews conducted with Professor Soudien, key books and
journal articles that he authored, and the broad corpus of his work.

Keywaords: Biography; life history; sociology; prejudice; Apartheid; racism; knowledge; being

G &)l dpiue Aibgiwe § 09da il (39w HHT (1S Dgewdo ) Gaudl 2l Lin
Bly @ Aolio Liga Bmey Bl oy oy e 30 S 3 O)hEul 3> fpudlag
OR l.{.?zf)si o Js xo (Se Al duwd O8&) Bale)( sa=dy el gl edly 2SI eglaidl
Jeols Jay) d0,Sallg dnadadl) Jguod) 3l asly, Jolyiap ] pllaill ) (5 paiall Jsal ol
i gliiy a8y (el ehaty Lo 1iddiad 81 e il &l Jg> (S50 Wbla] e Camgll
pasddl lgd 0% (@l Bl de dax>b Blad d9)g)l puds. duesdl el Jl pladl
1> 090 d=y o Jelald elyal) duoyall g ¢, Jadd 3,801 (ye (ad (39w (255 ) gemrdg )
JUSI oy 08 Lo s 1 Bl WLl e souall ladas poty WSIS: gue @
ale Gyaill @5 pased ao Jelal) Lo,all W 7l ()3T Joliang 03w IS (e’ JLad)l
2obas e ] Alaall auitud. Jolly oylaall S gl aalaid! Ol 3 1351 balle 15Sas o)l
Lyl CaSJlg cpad g Jgemdg ] mo syl dalaie dids dal OMlie A3 § Loy by
Alas oo dawly degomng lguS (@ dualall Yoy,

112



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

R 58T e R LB Rt R AR AR AR ) 1Al 2 A R
S ARNR R E AT BUE S, R RANE 7B

FUAR T 7™ E AN S5 A0 AL R SR, A T AR MR R o 2 i 98 81 R
TR IERE R (B KR EER. gl MRRESRT
R NTGT 7 53 PR AnAar A 2 20 i ARG TR H B PRI B 5. IXRR®R
SON T RS TE B R R B A SR T AL, BT AMA

M, ENEERME TS - DEREAK A RTINLIR 2 FsE
ARELR AN 4 NS T AR OB e o S e A B RUA PA K HLAR ORI,
FATH L= 5 — N LR [ B e #0H O 2R ZE AW EE . 3L
BN V2B, B SRR AT R A TR Ml
5 [ R SR AR SR PR At T2 AR A &R

Cette esquisse biographique du Professeur Crain Arthur Soudien retrace ses
racines dans un petit établissement historique a Johannesburg jusqu'a son
installation au Cap, ou il construit une vie et une carriere réfléchies, ancrées
dans les réalités des inégalités flagrantes et des discriminations généralisées, et
le défi de (re-)inventer son moi pédagogique alors que I'Afrique du Sud passe
de l'apartheid a un ordre démocratique. Elle trace les origines éducatives et
intellectuelles d'un homme qui continue de chercher des réponses et des
éclairages sur cette chose la plus elusive : comment les gens apprennent et
comment ils integrent cet apprentissage dans le quotidien de leur vie. L'article
présente un apercu de la personnalité du Professeur Crain Soudien qui ne
concerne pas seulement I'individu. Au contraire, il offre une opportunité aux
lecteurs de suivre un homme toujours besogneux : toujours en train de
problématiser les présupposés implicites qui viennent définir ce que nous
pourrions considérer comme étant pleinement humain. A travers son récit, et
d'autres sources, nous avons l'occasion d'interagir avec une personne qui est
mondialement reconnue dans le domaine de I'éducation comparée et du
développement international (CIDE). L'article s'appuie sur plusieurs sources
de données, notamment des entretiens semi-structurés réalises avec le
Professeur Soudien, des livres clés et des articles de revues qu'il a rédigés,
ainsi que le vaste corpus de son travail.

Orot Ouorpaduueckuii ouepk o npodeccope Kpeiine Aprype Cyabene
TIPOCIIEXKMBACT Er0 KOPHH B HCTOPHUYECKOM HoceneHuy B MoxannecOypre u
ero ycrpoenue B KelintayHe, r/ie OH CTPOUT CBOIO JKU3Hb U Kapbepy, KOTOpas
OCHOBaHa Ha Pa3MBIIUJICHHUX, CBA3aHHBIX C PeaTbHOCTHIO TPYOBIX HEPABEHCTB
1 BceoOBbEMITIONIEHN TUCKPUMUHAIIUY, U C BBI30BOM (II€pe-)U300pETEHHUS
cBoero rnegarorudeckoro "s1" B mepuoy nepexoaa KOxuoit Adpuku ot
anapTen/ia K IeMOKpaTuYeCKOMy NopsAiKy. B Hem nmpociexuBaercs
00pa30BaTeIbHOE U MHTEIJIEKTYaJIbHOE IPOUCXOKICHHUE YEI0BEKa, KOTOPBIN
MIPOJOJKAET UCKATh OTBETHI U MOHMMAaHKUE CaMOil HEYJIOBUMOM BEIIM: KaK
JIIOAM y4yaTcs U KaK OHHU MEPEHOCST 3TO 00yYEHHE B TOBCEAHEBHYIO JKU3Hb.
CraTbpst Ipe0CTaBIIsIET BO3MOXKHOCTD B3IJISIHYTh Ha TO, YTO IS mpodeccopa
Kpeitna CynbpeHa TMYHOCTh HUKOT/Ia HE OTPAHUYUBAETCA TOJIBKO
uHAUBUIYyMOM. CKoOpee, 3TO TaeT YUTATENISIM BO3MOXHOCTb IT00OIIATHCS C
YeJI0BEKOM, KOTOPBII BCerjja HaXOIUTCS B IIPOLIECCE CTAHOBJIEHMSI: BCETJa
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CTaBUT IIOJ] COMHEHHE caMO COOOH pa3yMeIOIInecs TPEIMOI0KEHUs, KOTOPbIS
OTIPECTISAIOT TO, YTO MBI MOTJIM ObI CYMTATPH ‘TIOJHOIICHHBIM YEJIOBEKOM .
Yepes ero moBeCTBOBAHKE U JIPYT'He UCTOYHUKU HaM MPEIOCTABIISCTCS
BO3MOYXHOCThH B3aUMO/ICHCTBOBATH C YEIOBEKOM, KOTOPBIN MPU3HAH BEAYIIIHM
MHPOBBIM YMOM B 00JIACTH CPAaBHHUTEIHLHOTO M MEXTYHAPOIHOTO 00pa3oBaHUs
u pasutus (CIDE). CtaThst onupaeTcs Ha HECKOJIbKO HCTOYHHKOB JJAHHBIX,
BKJIIOUAsi TOyCTPYKTYPUPOBAHHBIE HHTEPBBIO ¢ TpodeccopoM CyapeHOM,
KITIOUEBBIC KHUTH U CTaThU B KYypHAJIaX, HAMCAHHBIC UM, U OOIITUPHBII
KOpIyC €ro pador.

Este esbozo biogréafico del profesor Crain Arthur Soudien rastrea sus raices en
un pequefio asentamiento histérico de Johannesburgo hasta su establecimiento
en Ciudad del Cabo, donde forja una vida y una carrera reflexivas, basadas en
las realidades de grandes desigualdades y discriminaciones generalizadas, y el
reto de (re)inventar su yo pedagodgico en la transicion de Sudéfrica del
apartheid hacia un orden democratico. El articulo traza los origenes educativos
e intelectuales de un hombre que sigue buscando respuestas y conocimiento
sobre lo mas dificil de alcanzar: como aprenden las personas y como trasladan
este aprendizaje a la vida cotidiana. El articulo ofrece una vision sobre la
forma en que, para el profesor Crain Soudien, la personalidad nunca se refiere
Unicamente al individuo. Mas bien, ofrece la oportunidad a los lectores de
relacionarse con un hombre que siempre esta en proceso de creacion: siempre
problematizando los supuestos asumidos que llegan a definir lo que podriamos
considerar "ser plenamente humano". A traves de su relato, y de otras fuentes,
se nos ofrece la oportunidad de conocer a una persona que ha llegado a ser
reconocida como un destacado intelectual mundial en el campo de la
Educacion Comparada e Internacional para el Desarrollo (CIDE). El articulo
se basa en varias fuentes de datos, como entrevistas semiestructuradas
realizadas al profesor Soudien, sus principales libros y articulos de revistas de
su autoria y asi como el amplio corpus de su obra.

Background

Crain Soudien began his life in an urban centre in South Africa that was characterised by a
broad cosmopolitanism in terms of the people who populated the area. Seduced as they were
by the enticements of the gold-rush that gave rise to the modern metropolis of Johannesburg,
they produced what is arguably the most varied population in modern South African urban
settlement. Johannesburg in the 1950s displayed all the characteristics of wealth inequality
that is today starkly visible and structural.

“I was born in 1953, in a very historic place called Kliptown, a couple of years before the
Freedom Charter was launched.” His father, Arthur, was from Kimberley and his mother,
Caroline, hailed from Aliwal North. His mother followed her sister to Albertsville in
Johannesburg to find work in the garment industry, and later married Arthur Soudien and
moved to Kliptown with him. “My paternal grandfather was a carpenter. He migrated to
Johannesburg from Kimberley at some point during the 1940s.” Kliptown, relates Soudien,
“was a remarkable place, a little ‘dorpie’ (town) outside of Johannesburg”. During the period
of his birth, Kliptown was considered to be “[...] far from Johannesburg; today it’s not the
case, of course, with no break in the urban fabric”. In a sense, Kliptown could be
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characterised as a “settlement” which was not very well-resourced. “It was a slum, like
Alexandra Township and parts of District Six. It was really hard.” Kliptown in the 1950s did
not have electricity, and toilets were outhouses. The importance of this description in this
brief life-story of Professor Crain Soudien is that these “hard” beginnings were accompanied
by a commitment on the part of his parents to ensure that he, and his younger sister by four
years, Desiree, were focused on education as a crucial determinant in their futures. His
parents’ commitment was to ensure that the circumstances of their childrens’ early lives were
to be mitigated by a fierce determination to provide for them the very best educational
experiences that were possible to access.

“My sister and I were complete beneficiaries of this pushing by my mother and father, and so
it’s an incredible story, because not all families are able to come out of these experiences in
the way Des and | did. | mean a lot of them get defeated and crushed.” His mother, Caroline,
known as ‘Baby’ because her parents thought she would be the last child born to them,
brooked no nonsense from anyone. When it was time for the older child, Crain, to be enrolled
at school, it was deemed that the schools in Kliptown were not good enough, and so the
young Crain Soudien was enrolled at “a great, great school”, City and Suburban, located
outside of Kliptown. “So we didn’t go to school in the place where we lived. We travelled.
We would go to school with my parents in the morning, Des and I’ (when his younger sister
was old enough to go to school). In the afternoons after school, the young Crain stayed with a
local family in the city until his parents fetched him for the journey back to Kliptown. While
he waited for his parents to fetch him after school, the young Soudien’s imagination was fired
by a serialised radio-programme version of Superman, which aired daily on a nationally
famous radio-station called Springbok Radio.

v
v

But there was a far deeper nurturing of the Soudien children. “I was reading crazily.” At
home, father Arthur, a legal clerk, would bring home unexpected gifts, including books. This
foray into books, beginning with such titles as Franklin W. Dixon’s The Hardy Boys series
was soon augmented by an immersion into Dickens and other classic titles. He describes this
time in his life as one in which “books, books, books” are a seminal feature of his encounter
with the world. The significance of this literary encounter carries through to his high school
period at the famed St. Barnabas College, a boarding school initially only for boys, and to
which his younger sister, Desiree, is admitted as the first female student when she begins her
high school career. Here, as in primary school, he, with his peers, engages in reading with
consummate relish. He also continues a practice begun at primary school: writing letters. One
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of the things that causes pain even now is recalling that when his parents died, the “hundreds
and hundreds” of letters he had written to them “at least once a week for many years”, had
been removed or destroyed. Writing letters was not restricted to directing them at his parents.
“People were in Standard Three or Four, and they were already writing elegantly. It was an
extraordinary thing.” He relates the following regarding his own letters to a penpal friend:
“We used to write these very pompous letters to each other.”

During his matric year, he won a scholarship through the International Youth Exchange
Programme to complete his A-levels in England. Throughout this period, says Soudien,
“there was never a question in the way in which both my sister and I grew up that we
wouldn’t go to university”. He and his father wrote numerous letters to “universities all over
the place. It was normal coming home to a letter from the Embassy of Yugoslavia!” In spite
of his A-levels experience in England, both he and his father agreed that he would not attend
university in England, as it meant that, as a human being classified under Apartheid as not-
white, he would have had to opt for an exit visa from the country of his birth, which he was
not prepared to do. His burgeoning interest in drama was to direct his life-path to an
institution with which he is still associated as Emeritus Professor of both Education and
African Studies. While part of a progressive drama group after high school, he participated in
a drama presentation at a student conference at the University of Cape Town (UCT) in
December 1971. “I was enchanted by the look and feel of the place, and I decided that I’d
like to come and study there.” He registered under a special ‘permit’ required of people
classified not-white under Apartheid, and was accepted to study Drama at UCT as it was not
offered at the ‘Coloured’ University of the Western Cape.

At UCT, he relates, “I was in the company of amazing people, like Mary Simons, who was
banned by the Apartheid regime,” and others. Cape Town at the start of the decade of the
1970s was a “flashpoint for all forms of intellectual discourse, and the big, big thing that
happened to me in coming to this university was discovering the university outside of the
university. There were reading circles all over the place!” This well-read student relates of his
initial university experience: “I was shocked! These kids coming out of Harold Cressy High
School and Livingstone High School had read Freud, Marx, Weber, Russell, Engels, Lenin
and Trotsky!” Significantly, he indicates the following: “So it wasn’t whiteness that was the
biggest encounter | had coming to UCT. It was these kids. I was so taken by these people.”
The “university outside of the university” included teachers like Hasan Bavasa coming to
speak in ‘Freedom Square’ at lunch-time. ‘Freedom Square’ is a piece of lawn outside of the
old Arts Block, now renamed the AC Jordan Building in honour of a towering intellectual
whose struggles and legacy are part of a different but related story. In UCT’s ‘Freedom
Square’ and other non-official spaces, the first-year student Crain Soudien indicates that
people like Bavasa and the Cressy and Livingstone students had a formative influence on his
life. “My life takes a turn at that particular point. It was mind-blowing. Completely mind-
blowing.”

Academic Studies and Professional Career

Given his initial educational and social encounters at UCT, Crain Soudien began his
academic studies “with a kind of rough sense that I would like to be in the broad
Humanities”. Initially he thought of his studies as leading to careers in fields like journalism
or law. With his father “in and around that legal space, maybe I should have become a
lawyer, or a teacher. All of those things were possibilities”. These potential career thoughts
nudged Crain Soudien to “construct[ing] a curriculum for myself at the beginning that
permitted for all of those possibilities, so there was English and Social Anthropology, and
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French. And then I went on to do things like Constitutional Law. | majored in Comparative
African Government and Law, and Economics”. These choices, guided by career
possibilities, were also the result of his encounters with “these absolutely inspiring peers who
were moving in those directions, and so | gradually drifted to teaching — the public element of
it, whether it was teaching in the university or teaching in a school”. He thus completed his
Bachelor of Arts degree at UCT in 1975, the Bachelor of Arts (Hons) in Comparative African
Government and Law at UCT in 1976, and his Master of Arts in Comparative African
Government and Law in 1979. While completing his Master’s degree, he supplemented his
income by teaching Economics at a high school in Johannesburg. This stint as an unqualified
teacher oriented him towards teaching as a career, and he returned to the University of Cape
Town, with the financial support of his wife, to complete the Higher Diploma of Education
(Postgraduate) Secondary (hereinafter ‘HDE’). In the scholarly formation of Crain Soudien,
the Master’s degree experience, perhaps, is the foundational intellectual experience in formal
studies that continues to guide and shape the direction of his thinking and career. “It was
essentially a kind of immersion in African history and African politics, and it’s an orientation
which has stayed with me all my life”. Through this experience, says Crain Soudien, “I came
to understand, in some ways, that area of the sociology of power. That’s what interests me
most”. Significantly, in the narrative of academic formation and success is a candid
acknowledgement of a failure. As a public intellectual of international repute, he does not
shirk the responsibility to indicate that, while he was completing his Master’s degree, he
registered at ‘Africa's leading open distance learning institution’, the University of South
Africa (Unisa) for a part-time law degree, the Bachelor of Laws (LLB). “It was a total
disaster,” relates Soudien. “I had to abandon it. It just didn’t work, and I’'m glad, you know. It
was such a signal failure.” This candour, narrated for a piece celebrating his lifetime
achievements, speaks to an approach captured in an autobiographical article, in which Crain
Soudien writes: “What makes it (an autobiography) educational? Does one share with one’s
readers what has worked in one’s educational life?”. ‘Success’ and ‘failure’ are
conceptualised in this telling as integral components of a life, and serves, at one level, to
show that role-models, too, have navigated failure, and are able to articulate that failure in
ways that make it part of the human condition.
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In 1980, with a formative Master’s degree in Comparative African Government and Law and
the HDE, he began teaching at the Harold Cressy High School, a school that had defied
Apartheid’s attempts to relocate it during the destruction of District Six, located on the slopes
of Table Mountain in Cape Town, and a few hundred metres from the first Dutch colonial
settlement in Africa. Here he was surrounded by people, such as the ones he had encountered
at the University of Cape Town and in Cape Town more generally, who he connected with
strongly in intellectual terms. “They were enormously stimulating people.” Even as he carved
a niche at Cressy as a formidable teacher of History, taking his pupils into communities to
learn with and from local people, he maintained contact with the University of Cape Town,
and was asked on several occasions to teach a course or two on the HDE programme which
he had completed there in 1979.

It is crucial to recognise this period, the early to mid-1980s, in its importance to the
pedagogical and political thinking it necessitated for progressive teachers. The importance of
the period is that it re-activated thinking around the South African Anti-Apartheid struggle as
one against racism, while a different approach theorised the struggle in South Africa as a
struggle against global capitalism in the form of racial capitalism. As the not-white schools in
South Africa became intense sites of struggle, Soudien and his colleagues had to steer their
students, communities, and importantly, themselves, through the momentous changes that
they were co-creating alongside millions in the country as a whole.

A key concept emerges in Soudien’s narrative, that of the ‘ontological hotspot’ as
characteristic of South Africa. In 1988, the year he was appointed to a lectureship in the
School of Education at the University of Cape Town, Cape Town and South Africa were in
the throes of a revolution against Apartheid (racial capitalism) that could have taken several
paths. In the end, the liberation movements, the largest of which was the African National
Congress (ANC), were unbanned in February 1990, and in four tumultuous years, in which
state killings, destruction of state archives, and other forms of open violence rocked the
country, the ANC (and several other liberation movements) and the Apartheid Nationalist
Party achieved a ‘negotiated settlement’. By this time, Crain Soudien was a new university
lecturer, and he recognised the moment as deeply important for him as an intellectual at a
public university. He writes about this moment: “The most critical thing was that from having
been defined socially and culturally, people such as myself found ourselves having to define
ourselves; we now had to find new ways through which to constitute the standards of civility,
of engagement with others and of ourselves. What now would be our points of reference?”
He goes on: “Did we want, for example, to take our cue of what it meant to be excellent in
our education from the attainment levels that were clearly evident in former white schools, or
did we have an obligation to redefine for ourselves what these should be? At the heart of
these ontological questions sat his deep, lifelong engagement with the matter of inequality
and how to solve it. He relates that he “enter[ed] the School of Education with an interest in
the role of the school in the production, reproduction and unmaking of inequality”.

Professor Soudien recounts the ‘freedom’ which he was afforded by the leadership and
colleagues in the School of Education when he joined them in 1998:

One of the most important benefits of this freedom was the opportunity to read. This
was still the age of the text, of hard-print, when the idea of electronic journals and
Jstor were not within our imaginations. Coming back into the university after having
been away from it for eight years, despite remaining an avid collector of books, |

118



Global Comparative Education: Journal of the WCCES Volume 7 Number 2, Sept. 2023

found that I had to reorient to the explosion of debates and writing that was taking
place across the world in the social sciences. | re-encountered writers who had
moved on intellectually since I had last known them. They were asking immensely
interesting questions about humanism. The world itself had changed.

Part of the engagement with this change involved teaching, course and programme
development, and he played a pivotal role in structuring the Masters programme in the
School of Education. His teaching ranged across every aspect of the School of Education’s
programmes, namely the Initial Teacher Education (ITE) programme, where he taught
courses in the History and Sociology of Education; the Bachelor of Education Honours
programme (which he convened from 1996 to 1998) on which he taught courses in South
African Education: Historical and Contemporary Perspectives, and Education Management,
and the Master’s programme (in which he convened the Masters in Educational
Administration, Planning and Social Policy stream from 1995 to 1999) where he taught, inter
alia, courses in Education Development and Education Reform. He supervised a large
number of Masters and doctoral dissertations, and still supervises at this level as Emeritus
Professor in both African Studies and Education at the University of Cape Town.

In 1993, he completed, via distance education at the University of South Africa (Unisa), a
Bachelor of Education degree, and enrolled for doctoral studies at the State University of
New York (SUNY) in Buffalo. Prior to that, in the period 1991 to 1992, a Fulbright
Scholarship had allowed him to complete the coursework components of his doctoral studies
(which he completed in 1996), and he secured a Master’s degree in Education Development
at SUNY, by “transferring credits from my first Master’s degree”. The doctoral opportunity
had arisen through the late Gail P. Kelly, Professor of Comparative Education at SUNY, who
had met Crain Soudien while she was on a visit to South Africa. With regret, Crain Soudien
indicates that Professor Kelly passed away shortly before he arrived at SUNY, and she was
therefore unable to “take me under her wing, as it were”. Without her guidance, it was left to
Crain Soudien to “construct a curriculum which is very similar to what I had done for my
undergraduate studies”. This curriculum in American Studies enabled a powerful relationship
with his Master’s degree in Comparative African Government and Law obtained at UCT. The
combination of these two degrees, in a sense, “brings me to Comparative and International
Education,” says Soudien.

Impact on the Comparative and International Development Education (CIDE) Field

“A key aspect of my ongoing work is to understand ‘difference’: to help all of us to stop
feeling inferior, and to help stop us being aggressive,” says Soudien. Here, the memory of the
late Professor Neville Alexander is invoked: “Neville did this absolutely wonderfully. It’s
about showing how our intellectual project is a social project. It is, in the end, about learning
to live with extreme difference, and in the company of extreme difference, but never to be
nationalistic. And /’m going to fail repeatedly at that.” An ongoing project is a biography of
Neville Alexander, whose life and legacy are of profound significance for how Crain Soudien
posits he, and all who aspire to an end to the inequalities that bedevil the world, can aspire to.
“I come out of an intellectual tradition of internationalism as enunciated by the Unity
Movement, and with concepts like ‘permanent revolution’ and ‘never socialism in one
country’. And so, like them, I appreciate the particularities of their social environments, but
never to be fetishistic about it.”

As a point of departure relative to his work in Comparative and International Development
Education (CIDE), these words resonate throughout his thinking through his own
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contributions. “The unproblematic reification of nationalist boundaries and citizenship, for
example, is an important aspect of what | try not to bring to the field. Part of what we ought
to be thinking about is why we do not historicise Europe.” This played a determining role as
Soudien moved through his university teaching and leadership career. As he took directorship
of the School of Education and worked on several university-wide committees tasked with
thinking through the challenges of higher education in relation to inequality, he was asked to
take up the position of Deputy-Vice Chancellor (Transformation and Student Affairs).
Throughout this period of transition from a primarily teaching and research position to more
visible ‘leadership’ positions, the intellectual task he had set himself sharpened. “The several
steps | made were essentially about trying to intervene in the national agenda around the
humanities, in particular. People like Professor Nasima Badsha and other friends and
colleagues encouraged me, and the opportunity, when it presents itself, is also part of the
‘ego-moments’ which we should not downplay as irrelevant.”

A major influence on his career trajectory was his appointment to lead the Ministerial
Committee for the Minister of Education into Transformation in Higher Education. “That
tipped me over. Having been able to visit and see every university, outside of the
Mangosuthu University of Technology which | was unfortunately unable to visit. That
experience has been in the presence of students and leaders at these universities, and it left
me with a feeling that ‘there is lots to do here’”. He attests to this ministerial committee work
as pivotal in his accepting the Deputy Vice-Chancellor position at UCT in 2010, having acted
in the position since 2009, and his subsequent move to head the Human Sciences Research
Council (HSRC) in 2015.

Prior to this period, though, and at a relatively early period in his life in the academy, Soudien
and colleagues at the University of Cape Town and the University of the Western Cape
established the Southern African Comparative and History of Education Society (SACHES).
Working with his colleagues, they aimed, in establishing the SACHES

[...] to deepen the scholarship of comparison for the purpose of understanding our
own context better, to advance the cause of social inclusion in education and to
promote the visibility of the global south in the international comparative education
community.

The establishment of the SACHES in 1991, under the guidance of its founders Peter
Kallaway, Harold Herman, David Gilmour and Crain Soudien, occurred in the heady and
immediate aftermath of the (unexpected) unbanning of the liberation movements in South
Africa in February 1990, followed by, a few short weeks later, the release from imprisonment
of Nelson Mandela and other political prisoners, and the return from exile of cadres from
each of the liberation movements. The country was awash with conferences, workshops and
deliberations, both between the then ruling apartheid National Party (NP) and the leadership
of primarily the African National Congress (ANC) and other leading liberation movement
leadership. At the same time, the rich and community-embedded civic structures developed
through the 1970s to the 1990s grappled with inserting their visions for a restructured post-
apartheid society. These visions had been crafted in the cauldron of struggles across all
sectors of apartheid society, including education. The legacy and practice of Bantu Education
and its various iterations across other designated racial groups (‘Coloureds’ and ‘Indians’)
had been categorically undermined during these three decades, and had been replaced with
‘People’s Education’ Slogans, representing oppositional takes on how education was to be
leveraged as part of the overall struggle against apartheid — ‘Liberation before Education’ - as
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per the ANC’s broadly nationalist point of view, and ‘Education for Liberation’ — largely a
view shared by those who characterised the South African state as a racial capital entity. The
point here is that the SACHES inserted itself as a Southern African comparative education
association at the very moment that South Africa was catapulted onto the formal world stage
as global leaders, and organisations, including financial institutions, swarmed over the
country to offer advice and present blueprints for the path that the ‘new” democratic South
Africa should pursue.

At the heart of the SACHES vision was a focus on quality education, specifically in relation
to the poorest and most under-resourced children of the Southern African region and beyond.
Very importantly, after establishing SACHES in the southern African region, and when
Soudien was a candidate for the presidency of the WCCES in 2007, he carried this deep
concern into his supporting arguments for the position. He states in this regard: “I argued that
educational systems around the world were struggling with improving the provision they
made available to their children. We, as scholars of these questions were not doing enough.
We were being called [...] ‘to up our game’ [...]”

When he assumed the presidency of the WCCES in 2007, Soudien indicates that one of the
key matters he sought to institute was a “greater synergy between the goals* of the Education
for All campaign “and the work of the WCCES*. In this regard, taking forward the idea of
quality education as a key impetus of the WCCES was bolstered in the preparation for the
14th WCCES Congress in Istanbul by the Research and Publications Standing Committee of
the Congress, and in particular, the presence of Yusuf Sayed, who “was, at the time, playing a
leading role at the Global Monitoring Group in Paris, overseeing its annual report on EFA”.
The Congress, indicates Soudien, as a key recurring and renewal moment in the work of the
WCCES, had to be “significant, not just successful”. The obvious pride in the organisation of,
and executing of the 14th Congress in Istanbul is tangible in Soudien’s reflection:

The Istanbul Congress was our largest Congress to that point. [...] It was led by
Fatma Gok, President of TUKED, and Meral Apak and Soner Simsek. They
established a large network of Thematic Group Convenors — some 50 people from
around the world. By the time of the Congress in June 1450 papers had been
accepted organized around 381 panels, nine symposia, nine round tables and many
workshops. There were approximately 1300 participants from 111 different
countries, and including students and volunteers and people from Turkey, at the
Congress. The response to the Congress far exceeded expectations, receiving over
3600 initial registrations. Key global partners in education participated in the
meeting, most notably, the International Bureau for Education and scholars from
several sister education organisations.

The leadership approach of Crain Soudien during his presidency from 2007-2010 is
exemplified in his crediting numerous colleagues, former presidents, and chairpersons and
conveners of standing committees amongst those who not only supported him, but did so
critically. This support was vital to Soudien as he reflected on some of the successes of his
tenure, outside of the 14th Congress in 2010:

The Publications Committee achieved a great deal too within this period.
Relationships with the publishing house Springer were firmed up through Suzanne
Majhanovich and Alan Pitman. We signed off on what has come to be called, ‘our
spin-off book” with Springer. This was the publication that was built around the
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WCCES Special Issue that we do for the International Review of Education.
Suzanne Majhanovich and Alan Pitman also began the conceptualisation and
development of four volumes with Sense Publishers. This constituted, we felt, a
major move forward in terms of the visibility and presence of the WCCES in the
broad field of education. We also supported, through small subventions, the
publications of a number of societies. A special privilege for all of us was
overseeing, under the guidance of Vandra Masemann and Suzanne Majhanovich, the
successful publication of the book in honour of the late President David Wilson.

During his tenure, a key issue foregrounded itself for Soudien: “[...] a complex community
such as the WCCES is not just about the aspirations of its leadership, even its president. It has
to be sensitive to a whole range of issues and questions which move and interest its
members.” In this context, his reflection on the period of his presidency is simultaneously one
of quiet satisfaction at the consolidation of key processes and the advancement of newer
programmes, as well as an introspection on what was yet to be achieved. One of the key
advances during the period 2007-2010 was the strengthening of the relationship between the
WCCES and “UNESCO by establishing a new Standing Committee, the UNESCO Liaison
Standing Committee, whose members would be appointed by the President by invitation
only, in consultation with the Chair”. During the intensive period of preparing for the 14th
Congress, Soudien also indicates the 50 Theme Group Conveners for the Congress

[...] were asked, in the developmental spirit of the meeting, to engage with the
proposers of abstracts. What had changed is that we had brought the convenors into
a space where they could interact with the proposers of papers and make suggestions
about how their papers might be improved. The innovation is that we are now
addressing questions of quality in an entirely developmental way, and, in the
process, bringing to the principle of inclusiveness a much more meaningful
dimension.

The emphasis on a developmental pathway is significant, as it extended for Soudien, on the
international stage, what he and fellow-founders of the SACHES in 1991 had sought to do,
namely, shift the field of comparative education towards a more developmental ethic. There
were, however, three key matters that Soudien posits as challenges that had not been resolved
during what he terms an otherwise “relatively calm” presidency. The first challenge was the
matter of Israel, particularly in relation to its attendance of the 14th Congress in Turkey at a
time when relations between Turkey and Israel were frayed. A second challenge was the
ongoing position of Taiwan, whose position within the WCCES caused tension amongst
members at the time. A third matter that arose during his period of presidency was the
position of the World Education Research Association (WERA) who issued an invitation to
the WCCES to affiliate to the WERA. This was not accepted by the WCCES, which took the
decision that it “would retain a peer relationship with WERA but not become a member of
that organisation” as both were global structures. Despite these challenges, Soudien reflects
on his term as president as a period in which the WCCES “had succeeded [...] in bringing in
a number of new players and developing our educational agenda around the question of
quality in important ways”.

Comparative and International Development Education (CIDE) and its continuing
influence on thinking in the present

The themes of inequality, difference, and how we come to learn the positions we hold in
relation to difference, constitute the axis around which Crain Soudien’s life continues to
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revolve. Part of his aim is to extend his understanding of the psychological or social-
psychological dimensions of how people learn difference and act on it in normative ways. At
the very centre of this contribution to CIDE is a big question which drives his work, and
which is an extension of his work around inequality and difference: how do people learn
racism? “The big question in our discipline is explaining how people learn racism. There is
no satisfactory theoretical explanation for it at all. We are unable to explain how people come
to hate.”

Crain Soudien was elected President of the WCCES in Sarajevo, 2007 (second from right in
this picture with Mark Bray, Christine Fox and Anne Hickling-Hudson)

Crain Soudien’s ongoing contribution in this regard becomes one which attempts to move
beyond the “largely textbook kind of approaches to explain these phenomena.” As a key
example of how he is working with this, he indicates that part of the project is working with
an extensive public record that exists around the murder of eight people in Strijdom Square in
Pretoria, South Africa, on 15 November 1988, fewer than eighteen months before the
momentous unbanning of the ANC and other liberation movements, and the release from
prison of most of the incarcerated freedom fighters. Soudien’s intellectual work around the
“case of Barend Strydom, the perpetrator of one of contemporary South Africa’s most
important examples of how hate works” is prefaced by the following: “The relationship
between prejudice, hate and racism has an extensive and complex literature”. A key
deficiency, however, is pointed out by Soudien who writes further about this literature: “It
uses examples of phenomena such as prejudice and hate to explain and account for what
these phenomena actually are.”

The key conceptual questions informing this line of inquiry are stated as follows: “At the core
of the project is an interest in the cognitive dimensions of racism, prejudice and hate. How
are they acquired? How do they become part of the consciousness of individuals and
groups?” In all of this sits the notion of certainty. As he states, “[...] the thing about certainty
is never to be certain, ever, about anything that you have been taught, and so this unlearning
thing, about hate, in particular, and how it comes into our consciousness, is the problem.”
Throughout this, Soudien’s earlier work on ‘race’, class and other markers of inequality is
present, and he seeks to extend these understandings in ways that will at once disentangle
concepts such as “prejudice, hate and racism” and clarify them individually, and then to (re-
)construct these into workable conceptual tools with which to think through and, critically,
help to undo the multiple violences that are unleashed on the marginalised and the weak. “I
am a sociologist,” says Soudien, “without any qualifiers”. In this sense, the task he sets
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himself, and a major challenge to the field of CIDE (and other fields, of course) is to think
about the major problems besetting the world, and then to help change these problems
through education and advocacy.

Part of Soudien’s ongoing contribution to the field is an unrelenting pursuit of the need to
respect and (re-)insert indigenous knowledge and knowledge systems into the domain of what
comes to constitute ‘universal knowledge’. Here, he credits Professor Catherine Odorah
Hoppers as his “in some ways, most important partner, intellectually, in her insistence on the
dignity of knowledge from every quarter”. This is as crucial in the field of CIDE as it is for
all fields that purport to be engaged in social justice-oriented work. “The modernist project
makes it really difficult to see and engage with ‘otherness’ if one is unable to recognise that
the field in which one works simply has to be historicised. Without understanding how and
why institutions come into being, and why particular societies are what they are, we will
continue to operate with blind spots.” So how does the individual operate in a particular local
context, and still work with the large global questions? “In national terms, I think it’s about
Managing one’s accountability to others, and that this relationship extends beyond
nationalistic notions of citizenship and the like.” As one example of the need to think beyond
nationalistic conceptions in the field, Soudien urges a profound and integral engagement with
utopian thinking in light of the climate catastrophe. “It’s not a crisis. It’s a catastrophe.” In
this context, Soudien states that the concept of ‘a good education’ is crucial to think through.
“It has to go beyond metrics around PISA and so forth. Ideologically, the mathematically
gifted kids from Singapore, for example, are no different from the elites everywhere else in
the world. He continues: “What concerns me the most in the world is the relentlessness of the
modernist project, and the fact that our kids have been totally swept up in a frenzy. They
misunderstand what dignity is, and the urgency of what it means to live a dignified life: what
it should or shouldn’t be. And I’ll keep writing about that.”

In bringing this line of thinking to some kind of conclusion, Soudien reflects: “We in
comparative and international education, | think, have a role to play in being able to
reconstruct and demonstrate our complicity in what Amy Goodman talks about as social
reproduction or the social reproduction of ourselves. This sociological work is crucial in
CIDE, and I am keen to continue working along those lines.”

Crain Soudien giving the Nelson Mandela Annual Lecture at Penn State University in 2012
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Advice for the next Generation of CIDE Scholars

The question posed to Crain Soudien was the following: “What is your advice to young
academics entering the field of CIDE?” It elicited a strong and immediate response. “I’m not
very good at controlling myself about this, but I have had [the] occasion these last few
months to speak to Deans of Education and a few times to people in the education
department, and I express my irritation at the frivolity of the research that is going on. It’s
frivolous! If I were to see another thesis on the management practices in the Western Cape
and so on [...] it makes my blood boil!”

So what is it that he proposes should occupy the minds of aspirant CIDE scholars? “There are
such big questions that we have to be applying our minds to. There are big comparative
questions which could usefully help us understand where the educational process is going.”
The issue of the flattening of complexity is invoked here. “It’s as if our explanations of, for
example, conceptions of ontology become caricatures. [...] think of what we may understand
of the ways in which we think the Chinese explain what it is to be a human being. We have to
work with far more than we have become used to, I think, if we are to get closer to
understanding how we come to explain what we think the problems and solutions are. We
cannot come to lazy insights.” He continues: “In my own work, | am trying to ground these
ways of thinking by writing the biography of Neville Alexander. The questions his life poses
to us are very big questions, and our foundations for understanding these issues are thin. How
is it that someone can come to a point and live a life that exemplifies his oft-stated maxim,
‘enough is as good as a feast’? And so these are not separate elements. Neville lived like that,
and the incredible thing about Neville is that he was able to explain it all conceptually.”

Following this, Crain Soudien, speaking about Neville Alexander’s influence on his own life,
sets out a path that newer CIDE scholars may find insightful. It is worth quoting him in full:

In places like the District Six Museum the work which we need to come to is an
understanding that it's not intellectuals in alliance with activists. They're all
intellectual activists. Everybody's an intellectual activist in that space. But we come
to recognise that some of us can do some things better than other things. My
involvement with these things is an attempt to break down and not make a fetish of
these boundaries between what is considered to be higher level thinking and
everyday thinking. We ought to be all operating in the most sophisticated kinds of
ways that are possible. It's not easy, because these questions of power differentials
are always going to be active in that, and | know that personally | have not always
been able to live up to that. I mean all these positions of authority in which | have
sat in have given me advantages and privileges which | am not always fully
conscious of, and maybe | take things for granted. But I'd like to have these pointed
out to me.

Soudien challenges young scholars to, like C.A. Davids in her The Blacks of Cape Town,
published in 2013, explore thinking beyond lazy stereotypes and categorisations. “It's
absolutely extraordinary,” says Soudien. “These young people are writing, and they don't
write with a chip on their shoulder. There's no inferiority complex. They're not on this
explicit ideological project to deconstruct. | mean, they just talk about human beings in a
fullness which doesn't need these stupid demographic kinds of designations at all!” It is a
challenge to go beyond, but this necessitates going back — it necessitates a thorough-going
engagement with historicity. We can only discard what we know we have to discard. We can
only unlearn once we know what we need to unlearn.
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For young scholars of CIDE, the task then is to be rigorous and genuinely accepting of the
fact that, like all fields of intellectual endeavour, the modernist project, with ‘progress’ as its
mantra, and its manifestations the crude forms of consumption we witness daily, is one that
wilfully undermines any attempt to interrogate itself. Its origins are to be taken as normative.
Its knowledge, selected and chosen by northern elites, are to be taken as universal and
complete.

But in helping young people, and not-so-young people to come to a fuller understanding of a
world in dire need of explanatory power to extricate ourselves out of compounding
catastrophes, Crain Soudien reminds us of his comportment: “I get really anxious with all of
these people who talk about what legacy they leave behind. You know, it's just too
narcissistic for me. Of course, I'd like to be helpful to people. [...]”

Crain Soudien’s farewell address at the University of Cape Town graduation in 2015
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Contestations of Citizenship, Education and Democracy in an Era of Global
Change: Children and Youth in Diverse International Contexts. Edited by
Patricia K. Kubow, Nicole Webster, Krystal Strong and Daniel Miranda.
Routledge: New York, 2023. 284 pages. ISBN: 9781003197881

The book titled “Contestations of Citizenship, Education and Democracy in an Era of Global
Change Children and Youth in Diverse International Contexts” is a collection of ten studies
contributed by authors across the world and edited by Patricia K. Kubow, Nicole Webster,
Krystal Strong and Daniel Miranda. The studies are divided into three sections, Contesting
Framings of Citizenship: Interrogations of the National and the Global, Contesting Spaces of
Citizenship: Contemporary Youth Social Movements, Digital Citizenships, and the Popular
Turn in Global Citizenship Education and Negotiating Citizenship and Difference in Diverse
Contexts. This descriptive review aims to present the salient insights gained through the text
to offer to the readers an understanding about the book’s contributions.

The core theme explored in the text is the ongoing process of reframing of the concept of
citizenship by youth, with enactment of citizenship in diverse spaces and being navigated
using diverse media.The book offers a significant observation that though the perceptions and
enactment of citizenship by youth are shaped by cultural diversity, these alternative
perspectives are often marginalized in the dominant narratives of global citizenship.
Supported by the studies incorporated in the text, the authors call for a pluralistic and
inclusive approach to global citizenship education, so that it is representative of the diverse
realities of individuals and communities worldwide. Through various studies that give
expression to youth and children’s voices, the authors make a compelling case for revisiting
the traditional conceptualisations of global citizenship to make them more socially just,
rooted in and connected to the changing realities and inclusive.

The introduction of the book authored by Patricia K. Kubow, Nicole Webster, Krystal Strong,
and Daniel Miranda explores the meaning of citizenship in the context of global change. The
authors clarify that the focus of the book is on the experiences, understandings, and practices
of citizenship among children and youth in diverse international contexts and that the book
aims to explore the meanings of citizenship in an era of global change and young people’s
perceptions of citizenship norms and civic practices. The authors put forward the following
questions which are addressed in the contents:

“How is “the global” being framed in light of recent events in our world? What do
the perceptions and concerns of youth suggest about the kind of citizenship
education to be promoted in formal and non-formal educational spaces? And, how
can this knowledge gained from studies of youth inform future directions for
comparative studies of citizenship and education?”
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Thus, the book aims to address the conceptualisation of citizenship in the context of a
globalized world, through the lived experiences of the youth, and provide a roadmap for
further exploration.

The introduction also identifies key thematic areas explored in the book, such as citizenship
perspectives on the national and global scale, contemporary youth social movements, and the
negotiation of citizenship and difference in diverse contexts.

Authors Cristobal Villalobos, Diego Carrasco, Catalina Miranda, Maria Jesus Morel, Ernesto
Trevifio, and Andrés Sandoval-Hernandez examine the citizenship norms and other
citizenship attitudes in young people in Europe, Latin America, and Asia. They aim to
enquire into the relationship between civic norms endorsement and other key civic
dispositions such as multiculturalism, gender equality, patriotism, or support for democracy.
The International Civic and Citizenship Education Study (ICCS, 2016) data is used to analyse
how different patterns of civic norms relate to these civic dispositions. A significant
conclusion that they draw from their findings is that the construction of citizenship norms is
contextual in nature, and depends on social, political, and territorial factors. Hence, the
perception of meaning of what it means to be a “good citizen” also varies with the context.
Taking into account the difficulties that might arise from these perceptions, due to
globalisation and trans-nationalisation processes, the authors suggest that considering broader
frameworks like global citizenship might help to consider construction at a global, national
and local levels of citizenship, leading to conceptualisation of “good global citizenship”. The
authors suggest further exploration of the relationships between certain variables of their
study.

Charlene Tan's chapter explores the concept of global citizenship from a Daoist perspective
and its implications for global citizenship education for youth. The author points out that the
original concept of citizenship refers to a sense of belonging to a local community, which
conflicts with the idea of belonging to a global community and argues for the need to revisit
the concepts of global citizenship and global citizenship education by “examining alternative
formulations across cultures”. The chapter explains a Daoist interpretation of global
citizenship and its implications for youth education. The author addresses the question of
what it means for human beings to have a sense of belonging to a broader community and
humanity. The Daoist ideas are taken from two Daoist classics, Daodejing and Zhuangzi.
Representative passages from the classics are used to illustrate the tenets of Daoism related to
global citizenship. The author proposes that “human beings share a common humanity in the
Dao”. This aligns with the nature of global citizenship as being inclusive and in harmony
with nature as well as human beings. She goes on to relate Daoist ideas to education for
global citizenship for youth, using the example of racism experienced by Asians in a post-
pandemic world. As a practical application, the author suggests that teachers could guide the
students “engaging an ethics of difference based on deference and empathy” as they examine
racist incidences.

In the chapter on Global Citizenship and Youth: Profiles of Perception of Global Threats, the
authors Ernesto Trevifio, Rosario Escribano, Cristobal Villalobos, Diego Carrasco, Maria
Jests Morel, Catalina Miranda, and Adolfo Rocuant address the conceptualisation of global
citizenship in connection with disasters, at the global level. The authors argue for the need for
global citizenship in times when local threats can quickly affect the whole world, and
revisiting of the conceptualisation of citizenship as “belonging to a political community often
defined as a nation-state”. They provide a detailed literature review for the study.
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Kathy Bickmore and Diana M. Barrero Jaramillo, argue that schools have the potential to
connect students' real-life experiences with environmental conflicts to the analysis of the
transnational causes and consequences of those conflicts. However, they note that this
connection is often not made. Through their study of lived citizenship perspectives of
economically marginalized youth (10-15 years old), and their experienced classroom
curriculum, in ordinary state-funded schools in economically marginalized areas of two
countries, Mexico and Canada, the authors note that though the students’ experiences were
rooted in their unique cultural spaces of the Global North and Global South, they shared some
common concerns. An important finding is that student participants from Mexico as well as
Canada did not view their governments or civil societies as places to constructively engage
for addressing the globalized conflicts and unjust social structures. A significant observation
that the authors make regarding globalized resource conflict and democratic citizenship is
that “globalized resource interest conflicts were rarely addressed explicitly as democratic
citizenship issues”. Based on their examination of the perspectives of economically
marginalized youth and their experiences with the curriculum in urban public schools,
Bickmore and Barrero Jaramillo argue that global citizenship education should be approached
as a means of promoting peacebuilding.

Keith Heggart and Rick Flowers undertake an examination of the correlation between the
emergence of contemporary youth social movements and their extensive utilization of digital
platforms. They assert that the presumed causal connection between the proliferation of
digital platforms and the advent of recent youth social movements warrants critical scrutiny.
The authors explore how digital platforms and social media are utilized by protest
movements through their analysis of the anti-gun violence movement known as March for
Our Lives (MFOL). The authors challenge the idea that technology alone determines youth
participation for social change, by situating youth activism in the broader historical context of
youth involvement in social movements. They conclude by urging educators to gain a deeper
understanding of the utililization of the digital platforms used for social movement building.
They highlight that online and offline activism are mutually dependent in the context of youth
social movements and propose an educational approach that emphazises their
interconnectedness. A significant implication is the authors’ observation that “there should be
less emphasis on educating young people to be more active citizens, and more emphasis on
strengthening the capacity of youth activists to educate adults to be more active citizens”.
They advocate for a shift from the deficit-oriented standpoint to a strengths-based perspective
in the formulation of citizenship education curricula through reconceptualization of the youth
educating adults to strategize for positive social change through use of narratives and
testimonies of youth-led social movements as instructive examples.

Anita Harris, Jessica Walton, Amelia Johns, and Gilbert Caluya examine the theme of global
digital citizenship in the context of youth (15-24 years) in Australia. The authors argue for
alignment of formal policies with young people’s everyday experiences of global digital
citizenship. This demands a more critical understanding of global citizenship as well as
digital citizenship. Recognising that the civic and political agency of the youth is closely tied
to their social and digital interactions, the authors suggest that the policy should be capable of
addressing and supporting emerging forms of online civic participation, solidarity, and social
action, while acknowledging the productive as well as problematic aspects. They suggest an
educational approach which considers the growing interdependence of global and digital
aspects in the civic and political engagement of young people which can inform educational
programs. A significant recommendation is for research and policy initiatives to examine
how youth express citizenship through their current digital media practices. This includes a
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comparison with their perceptions of school-based digital citizenship, global citizenship
programs, and related policies. The emphasis is on understanding the types of digital media
practices, exploring the citizenship orientations and skills fostered through these practices,
and comparing them with existing conceptualizations of global and digital citizenship by
policymakers and in school curricula. The authors call for the establishment of evidence-
based benchmarks and recommendations to enhance global digital citizenship school-based
programs.

Jasmine L. Blanks Jones and Silas N. Juaquellie share their challenges, lessons, and insights
gained from their ethnographic case study, focusing on youth citizenship practices and power
dynamics during the Ebola pandemic response in Liberia from 2014 to 2015. The study
specifically examines the civic engagement efforts of 25 youth, aged 10 to 23, who
collaborated on B4 Youth Theatre's Ebola awareness performances. The authors discuss how
these youth civic actors positioned themselves as essential contributors in addressing a
problem that had widespread consequences in the region. Using the conceptual lens of
Nussbaum and Sen’s Capability approach (1993), the authors enquire into how the youth are
being citizens in their partnership with the INGO and doing amongst themselves and in lateral
social interactions with communities and how this contributes to their development of civic
competencies. Through the experiences of Hannah, a senior arts instructor and former student
performer, the authors assert that to embody real citizenship, “it takes a person.” Engaging
with the response to the Ebola epidemic as a citizen involved actively participating with
fellow humans, including sharing both power and physical space with the international
development practitioners overseeing broader communication strategies. The youth actors
built their citizenship skills and attitudes vertically through their interactions with
international development organization and horizontally with their peers and community
audiences. In conclusion, the authors draw attention to transformative potential of youth
engagement in creative civic work. They suggest that international development agencies
must intentionally recognize and leverage the knowledge, skills, abilities, and capital present
within local communities to address health equity gaps. They also advocate for a more
collaborative, culturally sensitive, and locally grounded approach in educational policies.
Heidi I. Fahning uses the critical framework of intersectionality to study experiences of youth
sense of belonging and conceptions of citizenship in the rural American Midwest. Using an
ethnographic approach, the author focuses on the experiences of three youth in the
community, selected considering diverse impacts of racialization and community normative
hierarchies on their experiences of belonging and citizenship. The author asserts the crucial
relationship between local historical and material conditions and the struggles over youth
citizenship. Discussing the reproduction of conditional hierarchies within the school and
beyond by teachers, administrators, and peers through everyday actions the author stresses
the need to identify and address divisive rhetoric and exclusionary practices, particularly in
an era where increased xenophobic nationalism poses a threat to U.S. society, The author
observes that achieving a semblance of belonging for marginalized youth is possible by
conforming to community norms, albeit conditionally and advocates for sustained attention to
how youth experience belonging and construct citizenship, aiming to expand spaces of
belonging and systematically combat exclusionary hierarchies.

R. Nanre Nafziger investigates the development of historical consciousness and civic identity
in urban conflict zones in Jos, Nigeria using participatory and ethnographic methods on youth
aged 18 to 22. The author explores the role of conflicts in the shaping of identities in young
Nigerians and its influence on their perception of themselves as agents of change. The author
highlights the importance of identity for young Nigerians in determining their roles as
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citizens and their levels of engagement in civic activities. The author suggests that contested
spaces are crucial for the civic development of youth as conflicts within these spaces provide
opportunities for young people to negotiate their identities and develop their understanding of
citizenship within their communities.

Janaina Vargas de Moraes Maudonnet and Maria Aparecida Guedes Moncéo use the lens of
critical theoretical perspectives to examine an experience in the training of educational
managers of public early childhood education centres in the city of Sao Paulo, Brazil. They
analyse concepts of democracy and democratic management and their implications for
education by situating their analysis in the Brazilian context. They then go on to describe a
training program for early childhood education managers called “Rede em Rede” (Connected
Schools), which was intended to train educational managers of early childhood education
centres in the city of Sdo Paulo, Brazil, between 2008 and 2010 along with the advances and
challenges presented by the experience. The authors conclude that the training of educational
managers needs to focus on the establishment of a democratic environment in early childhood
education institutions and stress on the role played by exercise of dialogue and collective
reflection to accomplish this.

In the concluding chapter, the authors suggest that the traditional frameworks of citizenship,
rooted in the idea of the nation state need to be revisited in the present times. They observe
that the youth are aware of the global problems and their impact on lives, and hence their
citizenship role extends beyond their local communities to the global sphere. They identify
terms such as fluidity, hybridity, interconnectedness, and belonging, identities and
identifications, globals (plural), for the study of youth, citizenship and education within
comparative and international education to acknowledge the complexity of contemporary
citizenship experience. The authors point out that even as the youth attempt to cross the limits
of traditional frameworks of citizenship, they face challenges due to the constraints of
national and global power structures. Their significant observation is that,” the new
generation negotiates and renegotiates their belonging as members of a global community,
under vastly different circumstances”.

In conclusion, the book presents a persuasive discourse of citizenship in present global times,
as not being a monolithic construct defined by traditional frameworks and predominantly
Western epistemologies and knowledge but an intricate interaction of various socio political,
historical and religious factors, combined with the processes of formation of identities and
perceptions, leading to expression of civic identities and engagement by youth through
various spaces, physical as well as digital. Through their emphasis on adopting diverse
philosophical traditions and socio-cultural perspectives, the authors offer a novel
understanding of citizenship that is aligned with the intersectionalities of lived experiences.
The book includes a beautifully articulated chapter exploring Daoist perspective for global
citizenship. Inclusion of varied perspectives from other indigenous philosophies could have
led to a deeper understanding.

A salient contribution of the book is that it places at the core the voices of the youth and
children, as the main actors in citizenship formation and enactment. The authors challenge
the current narratives of youth as passive recipients of citizenship rights and present
compelling evidence of the active participation of youth in social activism.

Contribution of scholars from the Global North as well as the Global South, incorporation of
multiple methodological approaches and comparative accounts of youth across diverse
locales leads to a multifaceted portrayal of youth experiences of citizenship. Incorporation of
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the various global challenges and opportunities, like epidemics, climate change as well as
digital media helps to give an insight to the reader into the impact of these factors on global
citizenship.

Thus, the book is a landmark contribution in the field of citizenship studies, through a
comprehensive analysis of citizenship across various contributing factors leading to a deeper
understanding of contemporary civic dynamics. The authors advocation for a pluralistic
theoretical framework merits strong consideration to enrich the scholarly discourse on
citizenship in comparative education and international studies.

Gauri P. Hardikar

Senior Vice President

World Curriculum by Comparative Education Societies
www.worldcurriculum.org
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Economics of Engineering Education in India: Growing Challenges of
Expansion, Excellence and Equity: Authored by Jandhyala B. G. Tilak.
Routledge: New York, 2024. 364 pages. ISBN: 9781003430223

In the era of Industry 4.0 and the chances of India to score upon her demographic dividend
through information technology (IT), leapfrogging has attracted attention towards
engineering education during the period of post-liberalisation and the beginning of IT
application in the business. The engineering education landscape has experienced a
metamorphosis in the last three decades or so. One of the prominent researchers in economics
of education, who has always kept a vigil over the movement of the system during the period
is Prof. JBG Tilak. His critical evaluation in the form of research papers, reviews, and even
commentaries has always given a fair unbiased pen-sketch of the situation and has
investigated the reasons behind it. That is the reason why his writings have always remained
a must-read for both, researchers, as well as planners and policymakers. A book from such
illuminating pen always raises people’s expectations and the book is not going to disappoint
anyone in this regard.

It is a collage of eight chapters dealing with different aspects of engineering education
prefixed and suffixed by ‘Introduction and Context’ and ‘Summary, Conclusions and Policy
Challenges’. The first chapter provides a background for the rest of the chapters which makes
comprehension easier for the reader. The rest of the nine chapters have been divided into
three parts. The second and third chapters have been kept in the first part of the book in
which engineering education has been discussed vis-a-vis challenges of growth and
inequality. No doubt, engineering education has experienced massive expansion but there are
several paradoxes and contradictions attached to it, posing different kinds of challenges to the
educational administrators, policymakers, and rather the entire society. Based essentially on
secondary data, an attempt has been made in this chapter to understand the changing face of
engineering education in India during the last 50 years, which presently consists of 94.5
percent bachelrlors degree students 4.5 percent masters level students (4.5%), and 1.03
percent research scholars pursuing M.Phil/Ph.D, degrees. Two major dimensions are
discussed in this chapter, viz. (i) changing trends and patterns of the growth of engineering
education and (ii) inequalities in growth in engineering education. Experience of engineering
education is mostly through private education which is not supported by the state and thus,
has replaced the social service objective of private providers in education by profit.

The issue of financing of engineering education is analysed in Chapter 3, along with a
discussion on required policy actions. Next, quality and financing of engineering education,
and employment of engineering graduates have been discussed. As the author observes, the
system is found to suffer from a very severe degree of staggering paucity of well-qualified
teachers and the result, viz. the quality of engineering education has been very unsatisfactory.
This will pull down the contribution of engineering education to economic growth. Second,
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public funding for engineering education has been very inadequate, necessitating an increase
in the burden on households, and thereby raising issues of affordability of the low and lower
middle strata of society. Third, labour market information on engineering manpower and its
utilisation is very limited, resulting in imbalances reflected in gluts and shortages. The large-
scale expansion has not been accompanied by sustained quality, let alone improved quality;
in fact, it is plausible to argue that the expansion has taken place at the cost of quality of
education. The quality-quantity trade-off has become clear, and democratic pressures coupled
with economic constraints have made the latter preferable to the former.

The second part has six chapters based on the primary data collected in the context of a wider
study financed by Stanford University and the National University of Educational Planning
and Administration. Some of these chapters have already been presented at conferences
and/or their earlier versions were published in journals. So, feedback received from these
platforms has also been incorporated which has enhanced the quality of analysis. The first
chapter in this group enquires about who goes to private engineering colleges in India and
why. A detailed discussion has been made on the socio-economic profile of students in this
chapter which gives very interesting information about the students: a majority of the
students (58 percent) belong to lower income strata (with an annual family income below X
0.5 million). Annual income of almost 18% of the families have even less than X 0.1 million
and three-fifth of all students go to private engineering institutions. Based on a rigorous
statistical analysis, results have been discussed highlighting of the significant impact of
several factors in opting for private engineering education which has implications for
planners and policymakers. The factors that impact the decision are the preference for
modern streams of engineering, are: secondary schooling in non-English medium schools and
the high cost of education. Isolating the effect of each factor that explains students’ choice is
important, but is indeed difficult as the results indicate the strong interplay of several
factorsStudents’ choice of ‘modern’ versus ‘traditional’ streams of engineering education has
been discussed in the fifth chapter. The classification of branches of engineering into
‘modern’ and ‘traditional’ is significant. However, there is a need to consider other variables
also for classifying branches into these two as branches such as ‘engineering physics’ will be
considered as ‘modern’ or ‘traditional’. Anyway, the study has found here that almost
everyone prefers to choose modern streams as against traditional branches of engineering.
Indian economy is already experiencing a situation of a glut in the labour market with ‘1T’
engineers. Along with it, the engineering education scene is getting imbalanced, with more
and more low-quality private institutions concentrating on modern disciplines at the cost of
standard traditional disciplines. It may be the side effect of an imperfect market economy.

The poor academia-industry inter-linkage is another grey area in the engineering education
sector in India. Additionally, the massive expansion of engineering education emphasises the
need to ensure that the system and institutions are effectively and efficiently governed and
managed to meet the needs of industry and society. As the author rightly observes, most
engineering colleges in the country (including many government institutions) are facing an
acute faculty crunch, not to mention the lack of physical infrastructure and laboratories to
impart quality education and training. On the whole, the problem of quality assumed high
proportions due to (a) shortages of quality faculty, (b) unbridled growth of private education,
(c) weak and ineffective governance, including limited coverage of the accreditation system,
(d) inadequate and skewed public funding and (e) scanty attention to curricular reforms.
However, the chapter does not discuss efforts made by many regulatory bodies, except the
All-India Council for Technical Education and the National Board of Accreditation.. At
present, there are many national and international bodies through which the quality of
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engineering education is regulated as ISO 9000, NBA, etc. Their certification gives a fair
amount of indication to the students about the quality of that institute.

Family expenditure on engineering education and its determinants, funding of engineering
education scholarships, educational loans, and other financial assistance are the issues that
have been discussed in the sixth chapter. Analysis of patterns and determinants of family
expenditure on higher education provides valuable insights into families’ preferences that
would be useful for decision-making at the household level as well as for public policy-
making regarding funding of higher education. As more than four-fifths of the students in
engineering education in India are enrolled in private self-financing universities and colleges,
one can infer that more than 80 percent of engineering education is substantially funded by
families rather than through the public exchequer. The families are no more ‘hidden’ funders
of education, as the author states. This makes the discussion even more significant as families
meeting a disproportionately high proportion of the costs of education have a lot of
implications for access, quality, and equity, which, in turn, have their own effects on the
entire social fabric. However, here, only a few aspects of family expenditure are analysed,
and in analysing its determinants only a few important factors could be considered. As given
by the author, important omissions include the level of government expenditure, employment
rates, and rates of return associated with engineering education. The chapter does not
consider specifically any supply-side factors, constrained by the availability of data; the total
(gross) family expenditure on education has been included. Due to limitations of data,
scholarships have not been considered to derive net expenditure, after adjusting for
scholarships. Some of the findings conform and a few contrast to theoretical postulates and
some of the earlier research evidence. Some results require further probing. On average, a
family spends nearly half of the average income of the family on its ward’s engineering
education. Of the total, fee alone accounts for nearly one-third of the income. Expenditure of
students enrolled in private institutions is much higher than for those enrolled in government
institutions. There exists a small degree of pro-male bias in household investment in
engineering education. There are also wide variations in family spending by family’s
economic, educational and social factors. A high level of family expenditure on higher
education harms access to higher education; and second, wide variations in it reflect high
levels of inequalities in access to higher education. The author rightly argues that societies
that would like to expand higher education and aim at providing equitable access to higher
education have to think of effective public subsidisation policies that reduce the need for high
levels of family expenditures on education.

Students’ perceptions of the quality of engineering education and employability,
employment, and earnings of engineering graduates, all these issues are strongly linked with
the financing of engineering education in India. Recent data shows wavering and even
declining trends in public expenditure and increasing trends in household expenditures on
engineering education over the years. However, the increase in the latter cannot compensate
for the shrinkage of the former. An increasing involvement of the for-profit private sector in
engineering education has placed a clear emphasis on household investment. However, with
the decline in enrolments in recent years, the earnings of private engineering colleges are
shrinking, compelling institutions to compromise further with quality by recruiting fewer
numbers of qualified teachers, not providing minimum physical infrastructure, laboratories,
and other facilities, fuelled by a failure to provide adequate industry and corporate exposure
to students. At this juncture, the role of the government is critical to reform/renew
engineering education in India. In addition to investing more in this, the government should
also look at the possibility of rethinking the role of the private sector in engineering education
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and re-establish the dominant role of the state. Overall, as discussed here, engineering
education in the country has undergone a sea change over the last three decades, particularly
with the increasing presence of the private sector. The nature of changes in Indian higher
education is very much nuanced and amassed over time, but is also multi-woven with policy
paradigms at the global and national levels in the macro politico-economic and education
sectors. An expansion of the private sector has benefitted greedy private investors in
education; expansion of technical — engineering in particular — has helped the IT sector in
India and not less importantly internationally; the ‘new middle class’ and upper classes began
to view the expansion of higher education offering new opportunities to them in India as well
as abroad and significant private benefits from all this; the imperfect markets, including
imperfect education markets, emerged and flourished; and overall expansion has benefitted
the state politically and economically. The economic reform policies, which were originally
instigated by the World Bank and Western players, are being widely welcomed. However, the
second decade of the 21st century has proved to be a period of stabilisation for the private
sector. Based on All India Council of Technical Education data between 2012-13 to 2019-20,
the study shows that if placement data is an indicator of quality, the performance of private
engineering institutions is at par with the average of all institutions taken together (Singh,
2023).

These issues are important, but the focus of this study is confined to some specific economic
aspects. Leaving the market to operate freely in engineering education (as has continued for
the last three decades) may lead to a great distortion in the sector, which started with the
devaluation of the engineering degree. Therefore, there is an urgent need to focus on and
discuss the changes that the engineering education sector has experienced (and continues to
be experiencing) in recent years. These may include understanding the changing aspirations
of parents for engineering education, revisiting the role of the private sector, searching for
new strategies to cope with the declining demand, and above all, an effective intervention of
the state to regulate and restructure the engineering education sector to address the recent
changes.

The third part has only one chapter on Summary, Conclusions, and Policy Challenges. The
high level of participation of the private sector, though improved overall access, led to the
widening of inequalities in participation in engineering education. There are serious problems
concerning access to engineering education in terms of social groups, geography
(region/state), gender, and economic conditions of households. Enrolments of Scheduled
Castes and Scheduled Tribes have increased considerably over the years, but still one
notices a large gap between scheduled population and non-scheduled population in their
participation in engineering education. Student loans and other financial assistance reduce
the financial burden on families to some extent. In Chapter 7, it has been shown that not even
all the ‘needy’ students necessarily get financial assistance, free waivers, or loans. Loans
which should be accessible to all, could not be secured by many, even if they are eligible to
get loans as per the criteria set by the banks or the government. While educational loans are
considered an important means of financing engineering education in India, according to the
survey, only a very small fraction of students (10 percent) received scholarships, fee waivers,
and other kinds of financial assistance. Students, particularly those who are not able to get
any kind of financial assistance, take part-time work on the campus to partly finance their
education. Their number is also very small as opportunities for paid work on campus are not
widely available in India unlike in Western countries. Relatively a higher number of students
enrolled in private institutions get loans than the students in government institutions and of
the total, a higher proportion of male students got loans compared to women. Similarly, a
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higher percentage of students enrolled in conventional/traditional streams of engineering
study get loans compared to those enrolled in IT or IT-related branches.

In conclusion, Professor Tilak’s Economics of Engineering Education in India is an important
addition to the existing literature which will be extremely useful for a course on engineering
education and researchers working in the area of technology or engineering education. In
addition, the book will be an equally useful reference for planners, policymakers, and
management of engineering education.

Reference

Singh Seema (2023), “Is Engineering Education Losing Charm among Students? An
investigative study for India”, 3" IEOM India International Conference, New Delhi, Nov. 2-
4’

Seema Singh

Professor of Economics

Delhi Technological University
Delhi, India

137



	Preface from the Editor
	6. Conduct research related to recommendations 1–5 on the teaching and learning of data science in K–12 settings.
	By considering these recommendations, educators and policymakers can work towards creating a more comprehensive and effective QL curriculum that prepares students for success in their future academic and professional pursuits.
	Declaration & acknowledgements


