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STEM EDUCATIONAL OUTCOMES UPDATE 2022:
EVALUATING THE CAPACITY OF REAGEBMEMNI®RPEMCPROGRAMS TO IMPACT THE EDUCATIONAL AND CAREER MOTIVATIONS OF STUDENTS

EXECUTIVE SUMMARY

If nothing else, Industry must take from this research that the capabilities araf @mtlohdidien

are profound. Given the high levels of intrinsic motivation and the strong linkage in the literature betwe
intrinsic motivation, sd#ffcacy, and innovation, it is reasonable to assume that this new generation of
studentgiven the right opportunity and the right development they could be higl@dypiiadsatye

on this opportunity will place our Industry and our nation in an excellent position in a competitive world

The industhas high expectations of the out of the bohtiespakxpects from new entrants regarding

employability skills (AIG, 2006). The once clear separation between what the education systes teaches and wh:
learnedt work no longer exists. The career intervention programs examined bypttugideseareducational

bridge between the traditional pillars of education and delivery of the hard tiadl Isoftskilseeks.

importance of employability skills, first introduced around 28lyStderativa transformation of skills

development, has, unfortunately, been reverse engineered to work within academic struatteatedewsed and

70 years ago, significailtljed the educational value STEM has the potential to deliver. Most STEM programs tode
comply with few of the guiding principles of STEM and have become little more than amusetest#. value for st

To meet the requirements of arclaaging educatial environment, it has become crucial to provide approaches
to help teachers offer education in the classroom in new ways the¢lajhtieadef skills that will facilitate

student transition to the world of work. This research examines tfs@agatiBEngineering Australia
Foundation Ltd (REA) progtewetoped using a Metamorphic Learning framewnmakt students' educational

and career motivations.

REA has been implementingtfa§&d/jprograms since 1998, based on a Melagaonpigcramework that draws

on concepts from Challenge Based Learning, Action Learninggasdd-repatting. These programs deliver
outcomes that create a transition in student (and teacher) capabilities so profound that they don't just change a
peason's knowledge base; they change them fundamentally.

These programs link Schools, Industry, TAFE, Universities, and parents in a collaborative and experiential envirt
that has demonstrated a capacity to instil innovative iospadhditysery early ingh years at school. Over 1

million students across Australia have pariiciffeged programs. The vast majority significeougdimp

educational attainment across many subjects and increased interest in STEM career pathways.

This research examiraga dollected between 2019 & 2021 from students and teachers aciidss studéatsa
who participated exhibit the ability to makksathe batween Industry, career opportunitiesvitiatteir skills
and passions, and the roles they canthky future. Without the support of Industry, however, thie fiveal link
trangtionfrom school to a career will not happen in any structured or contrblleccar@gr\tterventions can
bring students to the doors of opportunity, without Industry playing a role sGahmstudéistovery and
beinghere to open career doomagn the students are making the final cboica ovehe process will not
happerindustryneeds to make a sustained effort to provide conesrt betdents armle models apdovide
access to knowledge about careers to have @rlpatihgn the next generation.

Because of the size and visibility of its projects, Defence and Defsnica lmdgs@yposititmbeable to have

a significammpact students' understanding of the application of STEMnAafdmpoesearch examines the
impact théndugyinvolved in Defence projatshave in influencing students' motivation toward STEM career
pathways anhycareers in these industries catttaetive career daay for students to ent@toteThe

defence Industry, via the Department of Defence, supports REA programs
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BACKGROUND

REA delivers several programs specifically to address employability skigsmdévrealgprtiengap between
Industry and education. This research looks at the effecthesepsyoamsn achievirthese goals.

The forces and agendasitifilaence students' career choice decisions are many, withkegeplestiieen the
stakeholders (students, teachers, parents & Industry). For the studieipatetio AEM programs, the

outcomes and benefits being "sold" to them by therditfericers may not be particularly evident in their eyes due
to their stage of social and physiological development. Tioe badefitsthe stakeholders can also be very
different.

Today's education environment is significantly different from that most of us experienced growing up. General
educational levels are much higher than 30 years ago. Students have access to vast amounts of knowledge, an
students, with higher levetslotation are vying for the same opportunities.

From an industry perspective, the educational requéguiredtsnew entrants have advanced significantly.
Higher competency levels in thar8Rssumed, and the benchmark for the requirasl iskitisased
considerably. The competition between industries within the market to attract new entraraeeiito specific
directions is also very intense.

Industry is looking for what they have called employability skdis toatinghicatiaollaboration, teamwork,
problensolving, innovation and entrepreneurship. Skills that are notghxgdlicgbhtal, and to no small extent,
are not readily visible in the general population. While most States and Territdreesipradstchiacuments
defining Employability Skills Frameworks, the leap from propositioning the nesedhardgivetimg education
system has not resulted. It has thus become crucial to provide approasha®ets lofiprteducation in the
classrom in new ways that aid the development of life skills that will facilitatenstitidertts the world of work.

Science, Technology, Engineering & Mathematics (STEM) education is an industry lead initiadiieetirdended to prc
development of the skills industry requires in new entrants. It was desajysid@breaktdown the educational

silos invented in an education system devised and created over 70 years agcsiksgarsuinatehtroduction,

the concept of STEM has been reverse engineered to work withimeswiskiagsignificadiluting the

educational value STEM has the potential to deliver.

To survive and flouridhduistry rollstudents must become skilled at communication amdqiviide artd
help them acgieve these geathers must become coadfiexpertise rather than the source of knowledge.

About R&ngineeringustralidoundation Ltd

Created in 1998, th&Rgineering Australian Foundation Ltdfe-prodt charitgreated tanplement career
intervention prograinased on STEM concepts. Thesentites build employability skills and encourage students
tofollowSTENdased carepathwayREA's programs include F1 in Schools, SUBS irSEe#0Blmaschools. The
F1 in Schools program inks with the internati®@iddls challenge, lvhwv runs in 50 countries and has over
17,000 schools participating each year worldwide.

REA@wgrams are offered to high schools across Australia, initially aimed a¢atsdethioigh 10 but often
extended downward to yeé&rarad upward years 1112. These programs focus on developing the creativity and

LCareer intervention programs are activities explicitlg develspewareness of specific careers, disciplinegotosubje
attract students to undertake those activities preteheisites needed to participate in those careers, disciplines or topics.
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innovation of students very early in their school years. Badinig&phools, Industry, TAFE, Universities and
parents in a collaborative and experiential environment focused on changing the metaphor of the education proc

Students from schools all over Australia, in both city and regional communities, padgiaats. i8c¢heols are
linked through technology into hubs, focusing on developitigncskgibover the school year, both in their own
time and in class with the supervision of dedicated teachingntsafib/lstudiae Design, Appraise, Make and Test
learning steps. The program curriculum tests theirgmiebigrakills and encouragesative and imaginative
thinking within design constraintgalShdosters an environment of team competition to prepare students for
participation in the competitive global work environment.

A fundamental differentiator is a requirement for studentsréxtiyowdttliindustry in their projects which results

in students seeing a direct relevance between ctagsritiesney enjoy and the world of Warkugthis
legislatedequirement fateractvith industry mentors to solvewedt problems, {irgrams provide

environments that have demonstrated a capacity to instil innovative capability in sjuthethisivgeaeast

schoolThg buildcareerelevancandtheemployability skills industry seetcessfully influence the change in

students' career decisidmather difference is the provision of the latest technologies that enable teachers, student
and indstry to collaborate efficiently in "smart" environments.

4~ in Schools

Australia

F1 in Schools? is a afatieted and medtisciplinary program based on the
design of miniature F1" race cars. It facilitates students collaborating with
industry partners within their projects to learn STEM pheqiptegam
focusesnstudents betwegaars 5 to 12.

SuUESin Schools

Australia
SUBS in Schagjsig students with the employability skills and knowledge to
allow them to take part in the new set of industrieshecmied dhe
Department of DefeRséure Submarine Program. SUBS ifoSebesh
students betwegsears 5 to 12.

SPACEIN Schools

Australia

SPACE in Schools is to expose students to the Wiatldedigpilising
3D design and virtual reality softwar® tiedgyn for human habitation.
SPACE in Schools allows stiontelop human environment on Mars.
SPACE in Schimmase®nstudets betweeyears 80 12.

Eaclprogram utilises underlying Metamorphic Learning framework that draws on co@taigadidased
learning’ctionLearningand ProjedBased Learnifitnemetamorphic transitiastudent (and teacher) capabilities
isso profound that they don't just change a person's knowledge base;tesyfandageentally. The benefits of
this Metamorphic Learning approach to education in both the shtetraratéommense. Over 1 million students
across Australia have participated in these programs, with 77% of students changing thelr wabees ieltivat
and 85% of students increasing their educational attainment across most learning areas.
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REAQs Key Performance Indiciifiarihese programs include:

11 Thestructureshould be such that they attract students to participate.

2! The programs must improve the employability skills of the students taking part.
3! The program must increase the attractiveness of STEM subjects.

41 Theprograms demonstrate an increase in student educational attainment.

In addition, REA has additional targeted outcomes it seeks to achieve

1l Forming sustainable partnerships between indusitiescdsd

2! Promoting collaboration between our cities arydregioris in supporiwfovation.

3! Developing the skills of our childeesuotheir opportunities for theure.

4! Raising the level of innovation, engineering and manufacturing undertaken in Australia.

5! Supplying students direct to the industtgmiioderstand and work with advanced technology.

6! Qeatingn our studensn understanding of AustraliaOs potential to take a world leadership role in areas of
design and manufacture.
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RESEARCH RATIONALE

The research aimed to measure the ohp&A's Metamorphic Learning programs have on the motivation of school
children towards a career based in STEM and investigate the relationships with a range of pdtapaat factors that

career motivation. More specifically, what influence dantsehzrog on changing participants' matveiah

STEM? The impact of the hierarchy in the career decision choice process, e.g. moving from begg unaware to h:
some awareness, having some interest, to higher levels of commitment skiclgaeredésite STEM studies,

isalso ofrterest.

Of the factors highlighted by a previous literature reviey apbssible impact on career decision choice, the
ones of specific interest to this research are intrinsic motiveffioacgefieenvironments and the effects of
heroes and role models (industry). Each of these plays out within the difféhenprfagetmef Developing an
understanding of the perceived influence of these factors on career expectations is essenfialtsusarse such
are likely to influence behaviour and motivation, as do the relationships between thesartispagifiactors
elements of the programs and between these factors and outcomes for Boys vs Girls.

This report examines data collected a$ @&wngitudinal study into "The Motivational Drivers of @gidren's Ca
Decision Choices" that began at the University of South Australia in 2006 and subsegjireitigexpanded t
impact on teachers and the schools involved in the prograors s€bissrepexamine the effect of these
programs on the following:

il The capacity to influence change in the students' interest in STEM careers.
il  The impact on delivering new approaches to education that improve academic attainment.
iiil  The effect @onnecting students to career pathways options they may never have considered.
ivl  The impact of virtual events on student motivation and academic achievement.
vl The capacity of the programs to build life and employability skills.

The datbor this research wadllected ovéiree year§iom2019 to 20Ekch year waart or substantially
impacted by the Ca@@Pandemic. The report thus also seeks to determine any imyeabieca@@ébb
Pandemic dhe program's capatityleliver the desired results.

Research Overview

Career choice decisions are just one of the many socially implied extrinstkedtiisefacedtwith handling while
they travel through their school years. Within this research enviressemital toderstand what can be
measured, how it is measured and whether thesenmetsscae provide helpful guidance for the deveibpmen
other intervention activities capable of influencing the career decision choices of children.

The students who comeesdiprograms are not sterile regarding their motivation toward STEM as a career option.
Each student brings their perceptions and incentives for participation in the program, anfluveateoedittle

their starting point. From the student'sgiemspine reasons for their participation may not be evident to them. Given
the experiential nature of the programs, the outcomes and benefits tieeaeom their participation may

also not become apparent to them until sometime after they have completed theiiheguatinént.

determinénhe impact of these programs on a range of topics, including theiciyeandy students' career

motivations and specific interest inl&&EEdIcareers.

The primary difference between REA's programs and other STEM interventions is the requirement for students t
interact with industry directly, an overt focus on using hereasadels, and re@irld challenges that can
attract students' intrinsic interest.
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Research Process

The challenge is to measure the change students see in themselves concerning their career choice and whether
learning environment had a specific infln#imase choices. Within this envinbnitrie crucial to understand what

can be measured, how it is measured, and whether these measurements can provide helpful guidance for impro
underlying framework.

While Australia is very diverse ethnicallygahif reas carried out wifustralia and within the context of
Australian culturetzcial norms and attitudes. Within this research environment, wevérerdsainchers,
students, teachargjustryand parents, all of whom are, to some extent, participants intthe prizcesses.
Within this mix, it is essential that we fociseirelhr@utcomes on understanding the motivateysdtam the
students' perspective and do not allow influence by the mental medielsobfedardeveloping, managing, or
asssting with the intervention program.

The baseline for this report is data collected from a more extensive longitudinlaésilativattonal Drivers of
Children's Career Decision Choicagitlibg University of South Australia.in 2006

The following statement of the primary research question for this study:
"What influence do REA programs havepartitigants' motivation towards a ®BE&t career? "

The research process involved different survey questionnaires completed by both teachers and students. The st
collected both quantitative and qualitative data. The queliativsought examinéheteachers' and students'

attitudes tepecificopics relating to their involvement in the progeawesy thatlowed for crossferencing

against the quantitative analysis.

SurveyReach

Participants were selected based on their participation in the State Final events of eitf®UBS$ iim Schoals,
or4x4 in Schodisrentainbetween October and Decemb@t @) 2020 & 202ams that participate in State and
National Final must win their way through thesd@aeseht®ls and regional fifedsumber of students involved

in the competition phase of the programs during the repait{@9 H0Rl) was approximately 27,800 (as reported
by teachers).

Over the three years (B2D21),300 students and 185 teafioensacross Australia cleteol the questionnaires.
Teachers and students received different questiwith&j@3 student resporeed] 85 teacher
responsesonsidered valid, hamogtquestions completéte research participants came $osatools
locatedhcross Australia. Each school has betwee?b@Gamtnts involved in the programs

Student surveys collected the following data:

¥ Demographics,
¥ Studenfotivation toward STEM,
¥ Influence of the grams on engagement with STEM activities,

2 Bhical Constraints

As this research involves students, the ethical constraints on the research prenessiafideheinsg the seleetimhinvolvement of

students ithe research process were quite complex. We soughiopafiticipachools from every state with a combinationdregjiyreal
schools. The ethical constraints on undertaking research on scheadystratergtate to state. Guidelines sebgdle State Governments
controlled how we could carry out this research. These guidelines included how the researchers theusd oeleod sitidents and
prevented tracking or identifying any individual student. Data on the age and gender dbsted&@metamakcted to a particular student.
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KoK K K

¥

The impact of the program on subject selection at schools, mainly maths and science,
The level of interaction the students had with Industry,

Engagement with Industry Mentors

Student interest in Careers inispeaniéer directigns

Impact of interaction with Defence and Defence Industries.

Teacher surveys collected the following data:

¥ Demographics,
¥ The influence each of the programs had within their school on increasing the general interest in STEM,
¥  Thampact each of the programs had in changing attitudes ofostade stsidy across all subject
disciplines,
¥ The impact each of the programs had on students,
¥ Impact of programs on Boys vs Girls,
¥ The influence of gender in influgheingolvement dliglents,
¥ Effect of interaction with Defence and Defence Industries.
Methodology

The general methodology for collecting data was a questionnaire consisting of quantitative measures, with sever
qualitative measures included to provide a level ofidriangldte quantitative data. Sefénatjualitative

questions were similar in structure and purpose to several key quantitaile gesgtiosss to these similar

guestions determined if the questioning process impacted the students' responses

¥

¥

Teachers and students answered different questionnaires following their involvemefusutilly program
linked to a State or National Final event.

Students who participated were of varying ages. Their participation in a program couldrhave resulted fro
different teaching circumstances, i.e. some students competed as part of their MathegrathScience pr
some as part of a Design and Technology curriculum and others as an extrgityrricular

All students who completed the questionnairghmauaighito the program finals events held in each state.
Completion through to this level ensured the students experienced all aspects of the program and had h
wide range of interactions with industry.

In most instances, the student te@nesompose of heterogeneous sets of students within the school, i.e.
from separate peer groups and genders, randomising the collection samp

The teacher responsible for managing the programs within each school was the liaison person responsil
distributing and collecting student surveys. The enthusiasm of these teachers ensuredétes high ret
achieved for the questionnaires.
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Research Schematic

The research schemagipear# the following diagram.

RESEARCH SCHEMATIC
cooL
ROLE MODELS "W |NDUSTRY
Y INTRINSIC el ,
\ MOTIVATION /
\ INFLUENCE OF Yl
\ OTHERS / BOYS

CHANGE IN
CAREER MOTIVATION
TOWARDS STEM

PROGRAM
IMPACT

|

|

| /
|
|

N

INDUSTRY GIRLS

ENGAGMENT

/

IMPACT ON
TEACHERS

N
N

W IMPACT ON

SCHOOLS

Impact of COVI1D

During the CO¥Y#pandemjancertaintiesurrounding schools€ureandthe switch to virtual teacheggired
teachersofocus on core skills developfieistrefocusing impaetxtracurricular activitee®l the number of
schools@erallthenumbenf schools invohisdtREAOs progdmmsped during 2@2but did not impact the
numbebf students involvedirials events for F1 in Schools or SUBS intSttawipact the number of students
involved ime Space in Schools and 4x4 in obgralss as finalGs/ents were hdtt thesgrogramsSPACE

in Schooknd 4x4 inf®ols events aheavily dependent epdrsornteractionwhich wasotimpossibléuring

202 1due taCOVID9 an&ducation Department guidelines in athisththas no students from these programs
participateth the reseah

When comparing suresyltfor the yearseforeCOWVADO witthose coveredthis repdrthe followingpmments
are relevant

¥ Many schoaiducedextracurricular activittesing COVIB lockdown periodllow increaséehching
effortsfocuson core competencies

¥ Students were prevented from undertaking industry site visits.

¥ Interaction between students and industry menforsheasost pgiimited to virtual interactions via
Zoom type tools.

¥ Dueo the focus on the students leading the learningmesgessachers reported that these programs
allowed thewgients to progress with minimal teacher support.

¥ There was no statistically significant anpaaentsO intrinsic motivation toward STEM or the programs

¥ There was no statistically significant change in thed tingpicigrams within schools.
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DEMOGRAPHICS

Research data consistel@4¥student responses and1& teacher responses from 170 schools

Program Demographics

Number of survey participants Students Involvment in F1 in Schools Student Involvment SUBS in Schools t
by Program? State State
0)
26 33330
964
180 199
159
104 169 1

= g i | B

|

F1 in SchoolsSUBS in Schools Qld NSWVic SA WA ACT Tas Qld NSWVic SA WA ACT Tas

School Demographics

School Category School by Location

83%
In a Major Capitaln a Regional or

) ) City or SuburbRemote area away
Private Public from a Capital Clty

Student Demographics

Program Involvment by Gender Participation by Cohort Year

75%
59%
41%

Year 6¥ear 7 Year 8 Year 9 Year 10 Year 11

Male Female Male Female or
F1 in Schools SUBS in Schools below
Participation by Student Age Number of years involved in prograrn
279
9 159
i I“w 2
b ( 19% 3%
o E = =
12y 13y 14y 15y 16y 17y

First Year 2nd Year 3rd Year 4th Year

Page 1.



STEM EDUCATIONAL OUTCOMES UPDATE 2022:
EVALUATING THE CAPACITY OF REAGEBMEMNI®RPEMCPROGRAMS TO IMPACT THE EDUCATIONAL AND CAREER MOTIVATIONS OF STUDENTS

Teacher Demographics

Teachers by Gender Teachers by State

259
219
189
169
109
o=
|

NSW QLD VIC TAS ACT SA WA

Male Female

Years Taught Years Engaged with Programs

269 29%
249 23%
.
9 10%
B e

First 2nd Yed&rd Yeatth Yeabth Year More

2%
_—
Year than 5
Year 6 Year 7 Year 8 Year 9 Year 10 Year 1 years
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STUDENT MOTIVATOOWARISTEM

Career choicedsions are just one of the many socially implied extrinsic drivers a student is fageahilgh handli
they travel through their school yéams(1996) proposes that individuals operate within alhcectéogithat

includes "the combination of physical, social, political, and econwnts #ratifeersooscupy and combine to

create the circumstances in which each person negotiated his or her identity, belief system and life course". The
contexts vary from person to person and represent interacting influences rather than static concepts.

To a much greater extadults clearly understand the environmental drivéisethatheir liveAdults also
understand how career choices will impact their short and long term social and lesiogborchileden,
however, these realities have not yet become boundary conditions. They are shielded frith direst contact
career boundary conditions by their parents araahéhenige, they can be more reactive to the extrinsic social
motivators that operate at the boundaries céén&npronments.

Paa'sPaa'’s (2000) examination of these ecological contexts inltempsagatels that career choice is made

based on influences derived from background, environment, and the personal issues surroundewglthe children. |
the selperceived ability of a student in a particular career direction is a significamtaméeecbeice, ae

the perceived barriers that exist to participate in that specific cassmaiRRaawghlighted the impact on the

career decision process by parents, particularly mothers, and the role of peer group perceptiedsdiralso exami
these play out against the inherent tendency of young childrerirtedrbvestteer choices revolve around

personal interests and intrinsic motivation.

Parents and families play a prominent jposifioencinghildren's career decisiwith, their motivations to do so
affected by their desire for thebeatlg of their children. Yet while parents have their childesnisatefie
forefront of their considerations, the students' motivations earlltié¢veiopdwent are moalre focused on
participation based on intrinsic interest in activities rather than respondamtaieadions{Cohen, 2003)

Research Process

In understanding students' capacity to make lasting canegrwlecisied to understand the ahdlidents to
believe they are in control of their chseesion of the research questionnadgéessituational Intrinsic
Motivation Scale SIMS scale (Deci and Ryawg,et385,2808), which examines studentssitugtisital
motivatin as a general factor influencing student intefésl careers with the primary question being:

"l would be interested in a STEM career?"

The SIMS is a set of scaled questions focused on assessing the constructs of intrinsic mo¢igatatiornidentified r
external regulation, and amotivation basedietesaihation theories.

Thescale seeks toeasur¢hree factors:

1t Levels of intrinsic motivation:
2! Slfefficacy towards career decisiaking:
3! Thenfluencef peoplin thestudentOs environment.

According to selétermination thegtifferent motivation types underline human beSelietermination theory
considers that the social context should foster needs for competency, autonomy, and relatedness to produce sel
determining motivations (Guay et al., 2000).
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These types of motivation differ in their inherent levelstefmaaiation.

¥

¥

Selfdetermination involves a real sense ofactubéeding free in doing what one has chosen to do (Guay

et al., 2000).

Intrinsic motivation is associated with positive outcomes {ergeptatbsved by identified regulation. In
contrast, the most negative (e.g., depressive states) will stem from amotivatiorefobdvespl layient

(Deci and Ryan, 1985, M| I2887).

Extrinsic motivation (which can have either a positatérerimigence), and amotivetioch is the

least selfleterminate motivation because there is no sense of purpose and no expectations of reward or
possibility of changing the course of events.

The SIMS scale contains four internal consistenthatatigmsvith positions onstledetermination scale

¥
¥
¥
¥

Intrinsidvbtivation: engaging activities for their own sake.
IdentifiedRegulatiorbehaviouralued and perceived as being chosen by oneself.
External Regulatlmehaviouegulated by rewards or negative consequences.
Amotivain: lack of perceived control.

The SIMS analysis refsulthis datappear itheGraph below, which summarizes the average scores calculated for
each of the four sabales for the group.

Situational Intrinsic Motivation Toward STEM

Above 3.5 Indicates Positive Motivation

. 5.64 5.61
5.58 5.46 5.54 5.35
Below 3.5 Indicates Positive Control
‘
[ | J 1 J 1 J 1 J

Intrinsic Motivation Identified Regulation External Regulation Amotivation

Observations

The general conclusion from the analysis is that student interest in STEM is exceptionally high. Baibres above 3.
Intrinsic Motivation and Identified Regulation indicate thatsrerestudéinated toward STEM. Scores below 3.5 for
External Balation & Amotivation suggest that students' decisions toward STEM are drintardst irattiesi

than because someone told fiendatashows littldifference between boys and girls.

A strongonnectiois exhibiteldetween the levels ofiisic motivation in careers and reported that they were more
interested in careers in STEM because they participatedamtiieoprelgtion =0.65). After experiencing STEM
activities, their intrinsic interest in those activities increased.

For studes who show high levels of intrinsic motivation in a particulardiretiise interest is fueled by
activities that align with those interests, there is a propensity for thosendlcivitesctreer decisions.
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INFLUENCHE OTHERBEERS AND ROLE MODELS

Background

Bishop (2007), in his analysis-DaNe@aian Rational Choice Theory of Academic Engagement Norms, examined the
impact of the development of norms within the secondaryismmoehenthe construct of peer environments is

like an onion, midtyeredvith each layer interfacing with the next. Asymonr@aover the intricacies of one

layer, there is another and another.

Students form groups with strong indepeneentweas in a school environment to facilitategédseln the

early stages of these peer groups coming together, acting like groups of chickens determining their pecking orde
they decipher the most appropriate groups and the most appropriatrataysitoiophe group. Bishop (2003)
examinethe involvement and influence of peers and role models orl echabetimeat by highlighting that

education becomes "Cool" when it receives visibility and prominence. This prominenceesatd pisithildyityan cr
starting on day one of thehosl life. School sports exposure is an example of an activity that quickly obtains "Cool’
status. Bishop proposes that making intervention programs "Cagiiteptiateeexposure, including the use of

peers, success and visibility, can changethie @f acceptance @tilicenegative peer pressure.

As students spend a great deal of time with their peers, there is a sotw fiihativatidBishop highlights that
sixthgraders learn school norms and copy students' behaviour respected by other students. Thesa respected stu
become role models for the attitudes and standards that the children accept as "The way it is".

Bishop also notes thattacher attitudes like "Don't suck up to teachers" come flomsetmaooms inherited
from previous years. Attitudes like "Don't studty/' e [terived from internal group norms deockeped t
members from making it hard for others in the grompéteThis is similar the phenomenon known a&ihe
poppy syndrofie Australian cultuhener group norms can also positively impact théhgronlp ihodels have a
positive attitude to issues such as learning and study. Within a school environoierid pranipahation play
out in the processes behirigl

George Akerlof (1983) proposes th&nnidenost part, children repeat their parents' beliefs and loyalties, they are
willing to disassemble these beliefs if thegdpmptiate to identify with others in theickassalt does Hight

the complexity of the role that some of the external influences lhyghgraed McWhirter (2000) can play in the
decision process.

While it would be impossible to understand engay gmt@l pressure, intervention program thede &eds to

be able to cut across these social fundamentals in a way that makes them attadénesialtegarents and
the others within the peer groups, which surround the students 3BlsighpdR@@l that one way of doing this is
to make thimtervention process "Cool" by giving it the appropriate visibiiiygaoe, prbich can cut across the
issues of negative peer influence and create favourabfeaatinattiiple levels, both home and school.

TheRoleof a HerdRole Model

As highlighted by Ackalof (1983), Erikson (1977), Taylor (2005) and others/¢haoaiilenod beroes can be
profound. When society fails to provide these, we fail to provide the guidance our cinlcheasrded. The
motivation and setfhancement provoked by a role model stems from the belief that Ol, too, céweigttesn similar
if 1 work hard enoughO.

The education system (DEST, 2005) sees heroes and role models as people being able to offer character devel
and moral leadeish

Nauta (2001) has highlighted several attemjatis thosxpole models influence career developrderaCBa
Social Learning Theory (1969, 1977, 1982, 1986) suggests that a person learns new skills anmdytatthviours by ok
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coding appropriatde model behaviour, reproducing them if they contieirgfdoclee. Hackett and Betz (1981b)
extended this theory to career development, suggesting that people learn to make career decisions and engage
career behaviours by observing othedititmaBandura (1977, 1982, 1986) and Hackett and Betz (1981b) suggest
the observation of relevant and successful role models may @rsted3ds sefficacy expectations for a task

(e.g. enrolling in a University course) with which theylitieevermo direct experie@dser theorists have

suggested that role models may expand the range of careers a person perceivesettippssibiesh

attitudes, and values (Almquist and Angrist, 1971) and by demonstrating htes,nsultipleslifiease of parents

and workers, maybe negotiated (Nauta et al., 1998).

Jung (1986) postulated that role models might go beyond simply teachitgh@deple by inspiring others to

act in specific ways or assume certaireridesn (I9ighlightédose heroexxert gprofound influence over

individuals, culture and peer norms as people play out heFbek#ras®es lead to the development of roles in
societyAtkinson (2000), in studies on the relationship between teacher and student motivatiooreasdirmed an

in student motivation as a direct result of high levels of teaathaer. imothis case, the teadierameole

models for the students, influencing the peer ittimibexstudentsO environment. Thelteeoimers part of the

peer group and can make the environment heterogeneous to facilitate socialisation and change peer norms by tl
presence. The task of the motivator then is to develop strategies that help stedentd inderstalim their

involgment in extrinsic environmiatdene of intrinsic engagement.

White (1999) studied the attitude ofl29Udents to determine their attdwdecheroes. His findings highlighted
that children see heroes as a reflection of how they wartdivée, perd this gedfception changes over time
with changes in the social environment.

Younger students often identify their parents as heroes, while older students see heroes as representatives of a
culture.

Students perceive heroes as pptnstrating moral excellence and sustained leadership. Many parents have a
perceived mental model that hero status resides in the domain of the sportirtildogidyrifestontrary,

identifyheir heroes as people they have had direct pepsoigice with, who have shown sustained behaviour and
who do good for others.

What seems to be a common theme across these defimdtionte models are other persons whoyeither b
exerting some influence or simply by being admired in omays,rhaxe an impact on another (Nauta and Kokaly,
2001).

Influence8eyondhe FormaEducation Process

There is much to learn from examining influences on learning and career decision making, which would usually |
outside the formal education process.

The clear separation between what the education system tedclisexpected to be learned in the work
environment no longer exisis.industhas high expectations of the out of the box capabilities it expects from new
entrants regarding empbdity skills (AIG, 2006). Career intervention programs and the education $ystem now mus
span these traditionally separate pillars and bridge the skillsodidielédohpnard and soft skills that Industry is
seeking.

Overwien (2000) highlightetieatan acquire life skills outside formal education. Informal learning can comprise 70
of all wisdom. Thus, young people develop a significant component of their occupational competencies through
informal apprenticeship that is nearly impossifldate svithin the traditional framework of theadsigstem

withinformal apprenticestipig a platform facquinga high portion of our occupational competencies. In that

case, the role of mentors and role models in ratageer decisiohoicgs likely to be considerable.
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Taylor (2005) found that youth perceptions of their roles and responsibilities in the workplthoeshi@nt/ery tradi

line with the broad expectations of industry” and proposeatliae moi skills required already existed within

the youtmiestigated. These originate from and are honed by sources other than at school, e.g. grandparents, ur
and other role models.

Taylor also highlighted that many areas require significant additional research to validate the assstions that hav
putforward in terms of the role industry should play in the developsnemisadeskiile traditional educational
processThendustry@sie in determining the required skills and compistehpasicular interest

Billett (2004) highlights tleentiha faced by business that needs to develop cobgsetskills to solve specific
shortterm sectoral skilling issues against consideration of thecakitibikines they will require in the flitare.

difficulty of defining and implementungieulum that develops employability skills has grown into a strategic driver
of success for governmenkegeek to solve both the short term antelomgequirements and facilitate the
numerous linkages and interrelationships between educatistrai@thin this dilemma is the need to rationalise
the balance between the requirement for highly generic emkilts/ahilitgtslities such as communication,
teamwork, problalving, planning, organisation, technology, lean@nggsetfit and initiative against

technicagkills and competencies.

From an Australian perspective (AIG, 2006), the critical role industry should play in definimg rexoghidedeloping t
skills of the people it seeks to attract. However, it is a futtddnbatdhdustry wants it all, both hard and soft
skills, yet when pressed, it is those generic soft skills described isls®ekihgtfibm the education process.
These are skills that Industry finds hard to teach within a generaljydeikteindicainess environment. If students
come to them with these stidndustry is internally capable of providing the specific hard esttilisthéioair
professiamecruit for attitude and train for. skill

ResearcRrocess

Togaugeheimpat of others within teavironmentsf studentsveutilisedhe Olnfluence of Others on Academic
and Career Decisions eaSlauta and Kokaly, 200igcaleains at determining the dimensions of role
model influence academiand career decisionelDACDs8aleconsists of Mostagequestionsontaining a
common primaigctorand 14 secondfagtorse.gOWhen it comes to choosing a career:@l@riei@here

is someone who helps me consider my academic and car@gseoptidagtement

These 14 questions make ugphsistency factors. These consis&emagsiand codification within@&CLx8ale are Scale
1- Support and Guidance item: 1, 8, 8, 8(R) 8. Scaltn&pirational Modelling item: 9, 10(R), 11, 12(R), 13, 14(R)

I have met people who have | have a much clearer | am more interested in a STE

inspired me. understanding of STEM as a career
i
g
6 7

career
3(R) Indicates that the question was rsgersde. As these questions were asking for a respoeggtivequestion rather than a response

254
2k e e
144 204 e
uuil -1 -1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 L2 3 4
to a positive question the outcomes were reversed thratitbwomparison of results to the positive questions/essalraas defined within

the operating procedure as set for the use of this scale.

Page 1¢



STEM EDUCATIONAL OUTCOMES UPDATE 2022:
EVALUATING THE CAPACITY OF REAGEBMEMNI®RPEMCPROGRAMS TO IMPACT THE EDUCATIONAL AND CAREER MOTIVATIONS OF STUDENTS

| would consider the Engineers The role models helped me The companies | dealt with
met as role models change the way | perceive STE change my perception of STEN
as a career
| &5 49
q
17 D q
szl sEl
1 2 3 4 5 6 7 1 2 3 4 5 6 7
| like the hat | ) | thouaht th ) | | have met people who have
ike the fact that was using thought the project was coo helped change my perspective
the technology used by industr of STEM
1 1% 2% 2%
— ﬂ’ I I I I ———
7 1 6 7 1 2 3 4
| would consider the business | have met people who have
people | met as role models inspired me to take a career in
STEM

'l
191 178 T o (B T
399 101
‘
1 2 3 4 56 1 2 3 4 5 6 7

Infuence of Othengledian Scor@ point Likert Scale

I have met people who have inspired me to take=|j || |  EGTcTcNcNzIzNNEGEG
I would consider the business people | met adetsi<|jjj | | | | EGTGTNTNBEGEGES
I have met people who have helped char [ EEEGNGEEGEEEEEE]
I thought the project was a waste of Reversed Score 52 |
| thought the project was bor-El Reversed Score_5 1)
I thought the project was (G
I like the fact that | was using the technolo@ylﬁ_
The companies | dealt with helped to char |GG

I did not meet anyone | would consider a rolem Reversed Score

The role models | met helped me change th{j GG

I would consider the Engineers | met as role
I am more interested in a STEM c I EGTGTTNNEEEEEEEEEE

| have a much clearer understanding of STEMes i 5.5

I have met people who have inspir< |G

POSITIVE RESPONS
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Observations

As part of these programs, students work outside their homes and in heterogeneous pdatezactingments,
with role models in a complex business progempatarin the prograasfacilitated different changes in Boys
compared to Girls inrigrof their belief in the role others play imgbedecision process.

The IOAC$2&8le measures two dimensions of the impact of role models on academic andscareer decision
inspiration/modelling and support/guidance. The resultsauggeseiehling with a group of students who

respond to the influence of others. Fheadalscores for inspiration/modelling and-g8ealsuscores for
Support/Guidance for both Boys and Girls were above 4.2, which is a moderate to high response to those influet

As recorded in previously collected data, there was some evidence that the Boys andfteitntiysponded di
because of their involvement in the pregiaminghe inspiration/modelling-scdle. There was statistically
significant evidendeadlifference in the program's impact on the responses of the Boyar&od|&lyls,
concerning the influence of parents.

We examined the influence of parentsanmgesple they met during the program and considered role models. The
most remadble differences between the Boys and ther&ilsorded against the impact of parents and role

models on caredroicesThese data appear to support the argument ttesip@intsless to the influence of role

models than do Boys, with the difdbetween Boys and Girls increasing thieei@otdecamexposed to the
processes involved in STEM.

The best subset regression analysis highlighted a difference between the predictors of influence in terms of othe
between the Boys and Ghis.analysis showed that for the Boys, the best predictors of the overall response to the
program were the following three items:

1. | have met people who have inspired me to take a career in STEM.
2! 1 would consider the engineers | have met role models.
3! | hae a much clearer understanding of STEM as a career.

The analysis of Girls' responses showed quite a different pattern, with the best predictorseatotiied r
program being:

1t I liked the fact that | used technology usddsiyy
2! | thought therpject was Cool
3! | have a much clearer understanding of STEM as a career

For the Boys, there was an overt focus on the influence of the role models they had met and an increased
understanding of STEM. For Girls, there was an overt focus on the technology, an impgoottherdeestandi
and an acceptance that STEM was "Cool," i.e. socially acceptable for them.

The first two of these predictors are associated much more with the project itielfrfarathteaSt for the Boys,

the first two pdictors were related to their interaction with people they considered to be roleppedetstor his
contradict the generally held concept that Girls are attracted to people issues while Boysemienatvggted to

The responses to the quaditdtita also supported this hypothesis, with a surprisingly more significant proportion of
the Girls (40%) compared to the Boys (29%) acknowledging thatigingydikad deking things. Anecdotally

design has been considered a boy thing.

Theboys' rgponsenight be explainedfasmresponding to an innate capability and desire to learrebgesapd
apprenticeship. This result links with the findings of Taylor (Taylor, 2005), who fouity shétseimpiayabi

youths in Western Austnalithbeen honed by interactions with grandparents, uncles and other role models. An
increased movement of Boys, more so that Girls, into STEMecaobéesendlbly facilitating an increase in
interaction between students and adult STEM roledrindedasing opportunities to learn by apprenticeship from
older adults.
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In contrast to the Boys, Girls may have been more prepaodithéd jpatents for advice on career choice before
their involvement in the progvarith changed afterolveménie may be seeing that the experience has provided
the Girls with a significantly improved understanding of thenolvessesSTEM careers, thus giving them a
clearer understanding of STEM and their abilities to handle the complexgy iiS TEM kntevledge about

STEM careers may now be sufficient for them to feel they have the confidence to makedibeisions) eacker
thus they feel less compelled to take their parents' advice. Teestaodvtha processes of STEM idehe e

that they think that they can make clear career decisions for or agaiaster Sif&dtion. In support of this, the
qualitative data highlighted that the most significant outcome from participai®nefavlteel Ground those

items whitdeveloped their understanding of the activities and complexity involved in STEMamdidat STEM is
exciting.

The differences in response between the Boysragdrdimigeir propensity to accept their parent's\adréce
urexpected when tlesearch started. The research tools did not provide dhdiceof determining, in more
detail, the reasons behind the difference in perspective between Blagsgilic&itisinding and an area worthy
of much further research.

The fact thatéhstudents are open to influence by others in terms of career choice adds to the validity of the reses
outcomes. If the students were showing low levels of response to influence by others,tiflegrusadpilitgiof

career choices with the afsmle models would be limited. What has become evident is the difference in the extent
which the Boys and Girls respond to role model&lapad understanding of the processesimadB/deM

career, a point not perceived as relevant wheadteh began yet has become a critical ongoing tteding o
longitudinal analysis.

The Boys seek out human interaction, particularly with mentors and role models. In conteasgeRidstegpear
innate understanding of the complexity o¥itlomment and how that environment fits with their vision for their
future direction. Rbelndustry to be successful at influencing the career decisotsoftsiulli require the
development of a different set of selling messages if thesaatdBtmya as compared to Girls in their direction.
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PROGRAM IMPACT ON STUDENT MOTIVATION

To be invited to participate in the questionnaire, students must have completed one of the programs. Questions
to determine the programOs impact and elements that influencedatiareer motiv

The primary question was:
OWhat are the things you liked about your involvement in this programO.

The responses were collected using a Likert scale with the following characteristics: 1: Cdr2sponds not at al
Corresponds a very little, 3: Corresponds a little, 4: Gooesgaialys 5: Corresponds enough, 6: Corregponds a
7: Corresponds exactly.

Responses on the Likert scale of 4 and above are considered positive.

Teamwork Problem Solving The complexity of the program
I 38379
l%Z%S%WI I 0% 1% 2% i 1%2%-IIII
It made school work fun Collaborating with mentors Learning new skills
329
229
189
144
ﬁ3% 0 2%@ 0% 0%1%4%
| S —
2 3 4 5 6 7 1 1
Attending competitions Meeting and learning from other
teams

mmzlll

25279
09
e
1 2 3 4 5 6 7
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Developing new skills

559
259
0% 1% 1%4%
I —
2 3 4 5 6 7

1

Arranging sponsorship

229 229
184
164
1 2 3 4 5 6 7

What are the things you liked about your invatvement
this program? (% of students recording scores of 4 & ab
which is considered positive)

Bringing relevance to school
DEVENRAGIRENRSN © 000 98%)
Arranging sponsors S EGEEE
Meeting and learning from other te [l IEGGGGEGEER
Attending competitio S GG
Learning new skil i EGEEEEEEEEA
Collaborating with men G A

86%

It made school work f

The compesty o he oo T
collaborating with Indus| | G

provlem sobi- T

94%

Teamwork

Which areas of the program did you finc
the most interesting?

sponsorshilj ESA
Collaboration with indus [ EER

Communicatio

Bringing relevance to school worl

339
259
5 6 7

Did participation in the program
change your motivation to follow ¢
STEM career?

zunl

1 2 3 4

S

Which careers direction are you now
interested in pursuing.

8%

Portfolio Developme[ i IEER
Signage & Displ{JFXIR
Graphics || IR
Manufacture |
presentation| S

Social Medi JJ e
project Manageme [ ESQ
Marketing
Engineerinc | | |  EGzGzGzGEEA

Sciences 16%

Managemen 10%

Graphics Arts 15%

Project Manageme 119%

Marketing 119%

Engineering ASY
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Observations

When seeking to attract students in their dihedtisiny has no control over the environmaatatesflit must

focus its efforts on generating a broad level of acceptance aMdtinitethstscope of this research, it was
essential to detemaiif the students who participated had an underlying strength or weakness in terms of their
perceived ability to make career decisions. When students show confidence in their céiesy weaisiorabil
more confident that any observed positive imfpapraditam on their career motivations may flowititcoag
decision to pursue a career in STEM. A lack of perceived ability to make career decisiotisevassianojoikbst

that any intervention program can, in fact, influenceatsicreclkleice.

Developing an understandin® TiEfdrojectsand professionan be fun and exciting dominated the students'
responsedhere was also significant interest in using the technology and technology us&d by dgirtkiatgl.

88% of bys highlighted the opportunity to use hstirstigrd technology as an essential learning oftteeme

program. They saw learning technology as attractive and bringing career relevance to tleegatoigram. An int
aerodynamics was rated highly in the students' qualitative responses. Aerodynamics could be considered a scie
rather than a technology. Yet, it appeared to attract the mtamgstofients and would indicate that if given the
appropriate relevance, specific sciences are ofrksetoistadents.

Each program requires the students to document their understanding of §¥d6d pottiel@0and make a

verbal presentation to industry executives about thein@irapagagement with science and engineering and their
involveaent with Industry. This platform allows the studsaftsm their understanding of STEM and further
understand how they see themselves fitting within a STEM career@nipoognasibringcontext, alignment

and relevance to thegnsef ST careersithin their perceptions of what exists in therlct&/ar&ing on real

world projects provides a catalyst to magnifyatierate modedsd interactions with Industry can have in
influencing and changing career decision choicssnttaktegplace the information the students seek in front of
them at a critical point when their emotional willingness to acagphirgoumad the subject so they can

absorb that input.

This ability to change normative understanding hsissigeificant potential to impacttkmng
change in student attitudes toward career choice.
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DIFFERENCES IN MOTIVBUODMS GIRLS

The goals of the career intervention and hence their design must be to maximise intrinsic interest across age grc
ethnicity and socioeconomic backgrounds while at the same time stimulating student enjoyment agd fostering le

There has beanuchresearch exploring differences between Boys and Girls on various elements of their education
experiengsuch as achievement, motivation, literacy, attendance, school completion, andl exjspsiaion

lack of clarigxists abotiow these difences reflect differences of degree on these dimen§ierenoesliof

kindThere is also significant debate about the impact the difference in maturity between boys and girls during the
early development years has on the learning process aiodssuhatkett and Betz, 1992). This difference in
maturity between Boys and Girls, even witltrdspeagfiaphics, is highly variable.

Differences of a kind would suggest that Boys and Girls are qualitativelyrdifferesmt Beys perceiak vit
aspects of motivation in fundamentally differehawngiyls or cluster into motivational profiles that do not match
the profiles of Girls (Martin, 2004).

Martin (2004) explored issues concerning stunegiimint examining mean differences&woys and Girls on
critical facets aispiratiarin addition, he looked at Boys' and Girls' respectivactaces; cluster profiles, and
perceptual mappioighese facets of motivation. He found compelling evidence that tideredéffergees in

students' engagement and achievement. For the most part, these differeniteskagshédvour. On average,
Girls outperform Boys in more subjects, and there are more Girls among thaedgihdeatsh{@allins et al.,
2000)Martits data suggest that there are also differermedagitee to which Boys and Girls are motivated.
However, invariance in factor structure, clusterapfilesceptual mapping suggests no fundamental differences
of kindimplications for data arialgsd programmatic intervention aimed at enhancing (or 8ustsliaing)Girls'
motivation.

Within the scope of the REA's programs, both hesaoghetsrogeneous groups of students form teams of
varying age groups, maturity, gender and dagialibdcWithin the scope of this research, it is difficult to examine
the impact on the program of any one of these variables iWmsatagphthat maturity, whilst a critical variable,
would be considered a general part of the cdhis»dtofl, along with other environmental impacts such as
ethnicity and socioeconomic upbringing.

Influence of Gender on Program Participation

Students currently need significant support to discover just how interesting and exciting Si&vband the activi
Indstry can be. Learning environments that facilitate an increased urd &FEddifessions involved in a way
that fits the different motivational drivers of Boys god (®inlg way to promoting students’ critical career decision
processes. The research has highlighted that the story about STEM needs to be delivBmd diftareatly t

Girls. As part of the longitudinal research, we examine the impactaifrgetidertoifSTEM in general and to
industries that classify as beingISIdeki

We found that boys' motivation rises with cohtimenugteraction, particularly with role moaeéntord. Boys

appear to learn by apprenticeship and respoydalitezipeople they meet and interact with. They need to
encounter careers before making an emotional decision about career engagement. The underlying message is t
there will always be people around them during their career jouhheypvtherwarn and grow. For Boys,

careers are a continual learning environment. The movement of Boys into careers will increaséatden we can fac
an increasing interaction between students and adults in industry roles.

Girls, on the other hand, resporahsming complexity in environments. Highlighting the processes and complexity
involved in career pathways will attract them and lift their ndieedior involved. Girls react positively to the
project management aspects of careers and needtandritierprocesses involved in a career before choosing
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that direction. This research has shown that correctly targeted irtandeat@ially charipe number of
girls interested in specific career pathways.

A key component of REA's Metamorphic Learning framework is to engage with students without creatsi
level of separation based on issues of ethnicity, gender, diversity nagd|, studdigi® are treated

equally with encouragement directed at each student discovering theiionsique giils and then

building on these. There are no reasons to highlight blockages to career path selection based on any |
intersectionality.

While there still exists a perception that boysedSTEM activities, we can successfullyveéhgads as we do
boys if we appeal to their different motivational drivers. We doitigsh®y apitisopriate language, which brings
the programs within motivation that the studentsgbtsysan relate The following graphs highligpmees
from teachers to questions about gender. Key responses include:

¥ 79% of teachers believe that one gender does robimep@fiicipation mohananother,
¥ 78% believe that these programs attract more girls to STEM,
¥ 80% of bogmd 76% of girtgproved their attitudevardschoolwork

Does one gender benefit more

Is |tld.|ff|c.ult to atFragt the Do girls still percelve .STEM from participation than the other?
participation of girls in REA programs as being dominated by
programs? boys?

56%
Yes No

If one gender benefits more: Whic

56%
44%
Yes No Yes
Is the current focus on STEM
having a positive or negative

No

Does the success of REA's

Gender? programs in your school help ) _
influence more girls to explore impact on students attitudes to

STEM subjects? schoolwork?

m Positivem Neutral
2 80% 6%
22%
Kl wis
Boys Girls Yes No N/A - Boys
School BOYS GIRLS

Analysis tiequalitative resporeféeachesto questionsnthe aspects of REA programs that girls are attracted to
the moshighlighted the following:

11 Projectnanagement. 1Q. Design.

2! Engineering 11. Leadership

3! Innovation 12. Competition.

4! Management 13. Marketing

5! Teamwork 14. Communication and branding
6! Developing relationships in a team. 13. Presentation

7! Team management 14. Artistic roles

8! Collaboration 17. Graphic Arts

9! Responsibility.
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IMPACT OF PROGRAM ON LEARNING OUTCOMI

Learning environments that facilitate an increased underSadingfe$sions involved in a way that fits the
different motivational drivers of Boys agd&idsg way to promoting students' critical career decision processes.
As part of the longitudinal research, we examine the impact of gender on attraction to SthEbl imlgsiréal

that classify as being Sh&ddd.

Research on individualileguapproaches or learning styles has two traditions, one ofselicbvisitala

academic learning and the other towards learning from direct experience. De Jong (2006) concluded that learnir
approaches are relatively cespedific, implying theitimer theoretical tradition nor experiential focus can claim
general applicability.

REA's programs operate on a framework of Metamorphic Ledslingrs/hitdarnieigvironment based on both
academic and experiential learning to develop caaeeerdlkere exists extensive research into Action Learning
and its benefits, particularly in teritssbflity to increase sefficacy, which has highlighted its effectiveness as a
learning method both in student and adult environments [Qlazkic?&0d Wilson, 2004, Wilson and Fowler, 2005,
Wurdinger and Carlson, 2010, Bourner, 201dnd Naarign 2011, Congdon and Congdo20201 Hdacks al.,

2010, Leonard and Marquardt, 2010, Chenhall and Chermack, 2010).

Blunsdon (2003reined the role experiential learning plays in creating learning environments thabare attractive t
students, and these same impacts are highlighted in this researendtodeist subjects to study based on
preferences or perceived percefftioteiest in a particular topic: intrinsic interest. The educatgesshallen
stimulating student enjoyment avoiding unnecessary entertainmdostehite $6brning and achieving

educational goals. Unfortunately, most STEM programmemeanitgd in schools are heavily focused on
entertainment to showcase STEM rather than promoting understanding and achievirgpaissismic goals
resulting fromeverse engineering STEMnreristing siloed education curriculum

The link to reafofd problersolving provided by Metamorphic Learning environments drives studergsand teacher
implement different approaches to generating learning augconties processes within this environment. In

these programs, student interest and engagsiodinis to exposure to contemporarywedtl practice. For

many, this implied access to expert practitisnensagf, technology, engineering and mathenasgmifaant

impact.

The following fundamentals are visible within thetlsesp@igrams, and students are encouraged to undertake
them:

1 Structured around sets of 6 people

2! Action on real tasks or problems gt work

3! Learning is from reflection on actions taken

4! Tasks/problems d@thindividualndcollective

5! Tasks/problems ateosen independently by indiyiduals

6! Questioning is thrdmaryay to help participants proceed with their tds&sigro
7! Mapped to existing curriculum,

8! Facilitators are used

9! Taught elements are included

10. Linked to a qualification.

These ten steps atign well with the four components of intrinsic motivation proposed-dgtéfatir(agtin,
seltperceived confidence, relatedness, and perceived salience).
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Song20064lso found that when you brought groups of students togethitstaustived problems, the groups
selected from heterogeneous peer groups outperformed homogeneous peer grmemss Hetepsgvere not
constrained by existing peer norms and looked to each group member as a source of inspiratiah. This lack of so
peer structure allowed them to be more highly intrinsically motivated, whigirdtekresbivitig.

The following graphs highlight data provided by teachers on their perspective of the subject/skill areas they see «
visible improvement in stucipabilities following participation. One looks at performance, the other teachers rating
on importance. In the second graph, a ranking score above asceasidéf8 high.

(Teachers) In which of the following subject/skill (Teachers) On a scale between 1 and 7, how would \
areas do you see a visible improvement in studen rate the improvemenstifidenskills in the following
capabilities as a result of their participation in RE/ areas as a result of participation?

Programs?
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Observations

Overly simplistic intervention programs tbatidderstand the importance of focusing on employabiiity skills
struggle to attract the students and will fail to provide the atdtightoopromote career selection toward

complex STEM professions. The need for relevacteitiethendertaken by students appears critical in targeting
their interests. The students see these programs as providing caeeanceiecagnising their learning capacity.

From the teachersO perspective, the areas which pmsdsdytiifantincrease in learning outcomes were
those areas thi@nk to the definition of employability skills: confidence, docurnpdiat@magyement,
presentation, digital literacy, teamwork, innovation, collaboration, and commupdretesdiweeres2% and
91%Aligninglirectly with trREARsy Performance Indicators){KPIs

1L The progranssioulde such that thajtract students to participate.

2! The programs must improve the employability skills of the students taking part.
3! The program ntuiscrease the attractiveness of STEM subjects.

4! The progransbould be abledemonstratenincrease in educaticatédinment

The students showed a very positive response in both the qualitative and qualitative data to the use of industry
technology.ithin the quantitative data, 86% of the Boys and 71% of thmel&irjzosspely to the use of industry
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technology. Regression analysis highlighted that for the &saidetimaogy was the highest predictor of their
response to the prograviilst the girls' response overall towards thtgcivas not as strong as it was for the
Boys, this factor is one of the essential separators for whether @idshar@ligsdsted in a STEM career.

The level of work produced by the stisdetsar indication that the students understand how tqregszsch

and careers and are willing to accept and absorb high levels of information. These students are confident and ar
to learn about the benefits and processes involved itespefiriticainformation for Industry in terms of

developing resources needed to attract students to careers in STEM. Industry mustitnegitesiticksisct

when offering career options and providing stithegntgployment informati@iduld not underestimate the level

of knowledge students seek to help them make career decisions.

Mapping Against Curriculum
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IMPORTANCE OF PROGRAM3OEHRING

Being "Cool" is all about being of interest. Bandura's (Bandura 1977) Theory&ffi¢zayaichdi8elémotional
arousal (arousal of interest and lack of anxiety in connection with the behavioucyitisaiglerogtiis in the
development seHefficacy. Being "Cool" fits with this concept. Within a world of A4cebdoittend
Playstation, being sufficiently "Cool" is a battle in itself that cannot bes®wdid by hot understand the
distractive influence of this telciyy.

Indeednoderrdaymythology (Sheahan, 2005) has the Y generadied agdothe "l do it because it's there"
intrinsically driven attitude to life. There is much popular copjgeuyegeheration and the generations that

follow are moreclined ithis way than previous generations. Some argue (Sheahan, 20§&)ehatidhen#s

just been over nurtured and spoilt, growing up in an environment drattalstag socially younger longer and,
thus, perhaps driven more by iotmiegivation. It may result from growing up in an encouragingteiwtonme
promotes inherent motivation development. Whatever the reason, attracting studismestinorimsidify their
motivations toward a specific career or careeninteprogram has become much more difficult given the success
of our societgcreating a plethora of "Cool" technological distractions.

In this research, 94% of the students felt that the prograbaeskgnérminghat the program could break
throudp to the students and place its#ile target range of the students' intrinsic intarastsgression analysis,
Girls put the fact that they felt the program was Cool as theggkesopdedictor of their response to the program.

The analysistbé relationship between the measure of intrinsic motivation andchithéngpagtahowed that the
students with higher levels of intrinsic motivation were more fikéhetantleenced by activities that can attract
their intrinsic interest.

Beng Cool appears to be a key to the doorway of intrinsic interest. The F1 in Schoelsspabgtamdrds s

which the students find "Cool". The associdtierFasithula One, being able to meet heroed suth ldamilton,

Daniel Ricciardo, draSean Vett@tormula One Drivdysing able to use the same tools used by Airigrs to des

the A380rinteracting with people from Industry who they feel build "Cdahstiué' SWBIS in Schools program
students highlighted their impact aighpeérsonnel in uniforms as having a significantiecieetsang their

interest in the program, particularly people in UdiBmifosmsO projects a set of qualities including authority, order,
structure and success, all of which fit with stiefenti®in of role models: people who do good in society.

If Industry is to develop intervention programs to attrastdttidersige, those intervention programs need to be
sufficiently "Cool" to gain the students' intrinsic intereshis\@bolltstatus, it becomes difficult for any activity to
break through to studeRtaviding accessatdiverse range of mentors, role nadtelseroes who can guide and
assist them in resolving the priority of the many signals they are receiving is an eddertid¢sigpeat career
intervention programs.

(Students) | thought the project was cool:
Score 4 & Above = 94%

45%
28%
14%
1% 2% 2% -
— s
2 3 4 5 6 7

1
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PROGRAM INFLUENCE ON SCHOOLS AND TEAC(

The following responses about the impact these pealjnaimesr schoadsd their attitudes to ffregram'’s
outcomewvere provided by teachers

Have REA programs increased th

Have REA programs changed th Has REA Programs changed th .
perception of STEM education ir way your schools engages with tl adoption of STEM and/or
your School? concept of STEM? engineering studies at your

school?

78% 83%

No No

Yes Yes No Yes
Have REA programs helped Have REA programs helped Have REA programs helped you
increase the adoption of scienc increase the adoption of Maths understand how best to work with
subjects at your school? subjects at your school? Industry for the benefit of the

students and the school?

35%
38%
34% ’
0

El uia

es Can't say No es Can't say Yes Can'tsay No
(Teachers) On a scale @D1how likely are you to (Teachers) Has involvement in
recommend REA programs to other teachers? REAQOs programs been a learnir

experience for you?

99%

489
219
0, 1%
0% 0% 2% 0% 1% 0% -
— —
4 5 6 7 8 9 10

Yes No
1 2 3

Observations

Teacherenjoy involvement in the program as much, if tiehmatudentsvith 99%mdicatinghat participation
had been a learning experience for them and 89% willing to recenpnogmdrtiset® their peers.

The level of work produced by the staddmsing access to industry scale technology Higdliftestudents

do not fear technology, amdomextentare morén tunewith technology than adults. dridsrstand hdw

research projects and careers and are willing to acegdrdriaigh levels of information. Historically, the school
system has a reputafarproviding technology to schools, which is at a superficial level compared to what is used
Industry. is common knowledge amongst teachers that students cateleglrte@hwology very quickly, soon
becoming bored. Using the same tools as Industry as part of the program has prowitacha piagosnt

limits to the students' scope for lgarnin
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As an example, the CAD/CAM technology the students were using in the classroom wasyifieogatae Bsrdoei

and many other leading industry organisations. What was evident is that students as young as 12 have no probl
handling indusigvetechnology such as this. Industry needsitah@éf the technological level students can

operate at a very young-agigical information for Industry in terms of developing respinees sttract

students to careersSMREMndustry museat students with great respect when offering career options and

providing students with information about employment opportunities.

It should not underestimate the level of knowledge students seek to helmpateemdeak®3verly

simplistic intervention programs that do not understand the importance of this will struggle to attract
students' intrinsic interest and will fail to provide the motivational fuel to promote career selection towa
complex professions like Engineeringedilier relevance in the activities undertaken by students
appears critical in targeting their interests. The students see these programs as providing career relev.
and recognising their learning capacity.

Teacher Feedback

The following is some ofjtiaditative data collected from tesichexsponse to the questdinat are the positive
aspects of REA's programs which stand out for YOU as a teacher?

¥ A program that has an authentic assessatémorporates
teamwork and collaboration.

¥ A real World Challenge

¥ All aspects

¥ Allows students to experience working indasgiplthary
team to work together to solve engineering problems in a way
that mimics real engineering.

¥ Attention to detaiExtensive feedback

¥ Bread range of reebrld relevant skills

¥ TheChallenge of the progisio extenollaboration and
involvement withe'outside’ world.e.industry

¥ Collaboration, personal best, personal growth, improved
motivation, future engagement with STEM andnBngineeri
career prospects and elective selection choices.

¥ Collaboration, workimdeadlines

¥ Competitiveness drives their work ethic

¥ Confidence and realrld experiencaenot possible in the
classroom

¥ Confidence to present to industry professionals

¥ Ability to work through difficult situations as a team

¥ Ability to think orethfeet and problem solve on the run

¥ Confidence, collaboration, seekingdm&tes all
disciplines involved

¥ Creates good experiences for the students

¥ They are creatingaturity in students. Building resilience and
collaboration in studestposéhem to skills outside of what
thestandaradurriculum can offer.

¥ Development of teamwork and collaboratiordekiitg, in
partnershiphatencourage students and offer future
pathways

¥ Early adoption and development of CAD skills are éifelong ass
for the next generation.

¥ Engagement

¥ Project management

¥ Connection with industry

¥ Growing confidence

¥ Increased STEM knowledge

¥ Engagement and ongoing support

¥ Engagement in challenging and rigorous competitions.

¥ Opportunities to engage withsiry.

¥ Engagement with the material.

¥ They develagrinsic solishotivation amongst students to
extend their knowledge and skills in certain areas.

¥ Everything!

¥ Excellent authentic assessment

¥ Engagingnddevelopinggveragéssential critical thinking skills

¥ Excitement for students competing. Team building.

¥ Problensolvindor students.

¥ It givestudents experience with how projects run in the real
worldandan opportunity for students to utilise skills from many
different disciplines.

¥ Global teamwork and initiative

¥ Handsn relevant to career opportuniéetifedeadlines,
collaboration

¥ Handon reatworldproblem solving

¥ Having an opportunity to@&hbw the students better and
work with them whilst they greamthem start witkoft
skills and broad ideas\aatthit unfold. Some students
displayed potential, thely surpassed what | imagiteth
they had an opportunity to step up. loradtgiopportunity
for students to learn about documenting, organising, and
collaborating in this program gives them a unique opportunity
to appreciate how being organised helps the team and the
project in the long run. Findit,bringsother boys not
entering Showingp to support some of the newer members
was impressive.

¥ Highleveengagement igatworld, challenging environments

¥ Holistic approach

¥ A holistiapproach to education

¥ | enjoy the competition imenherent motivation for
students.

¥ | just love how the boys need to read deeply and be able to
work together to articulate their vision foretimir TheyOre
growing up and maturing as they do this. | like that it is hard!

¥ | like the realorld aspects of the challerzgethose
studets mustmeet criteria given to thieyan external
provider instead of a teacher.

¥ Increased confidence in students

¥ Independence, agency, skill development

¥ Industry collaboration

¥ Theemployability skills students are exposed to during the
program

¥ Innovation and being exposed to nationwide competition
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¥ It makes the students read technical information closely
enhanceesponsibility and teamwankis FUN!

¥ It teaches soft skills arsgs multiple disciplines of STEM (not
biasedo one subject)

¥ Large scale project development and skills attained through the

completion of it

¥You are learnilifg skills that they can only learn by facing
challenges.

¥ Learning the students achieve muretihanthey would get
in a typical curriculum. CreatiFigtifelearners ready for
21stenturyife!

¥ Life skills

¥ Most of the students that engagean® and 10 and stay
with the competition go on and become studestitetier
senior school. The most tangible development of students
occurs with their increased confidence in communicating with
industry leaders and politicians.

¥ Motivation, teamwasgeed, design, aerodynamics, engineering,
graphics, manufacturing

¥ Multifacetted project work.

¥ Outcoméasedearning. Handa learning and an emphasis
on teamwork. Students must think about all aspects of their
build for the documentation. Exceélatdnng from SAAB

¥ It was overcomiadversity. The teams hit every hurdle
possible (not even counting COVID)coutsigtethe
project.

¥ Positive interactions within teams, but also lpedwpen
competing in the same categoentoringew unit®r
students who show difficulty within specific aspects of their
role.

¥ Problensolvingcollaboration

¥ Project management. Teaching and watching as the teams
must plan out their activities despite the manynmkibe
teams that understand planning last while the others that are
just there for the uniforms drop out quickly as they become
overwhelmed.

¥ REAprograms encourage entrepreneurial thinking and co
operation

¥ Realwvorld applications

¥ See students improve their skills as they progress.

¥ Seeingtudets do something they enjoy

¥ They are settiagigid structure and professional thinking
towardvhat the students are doing.

¥ Skills students develop

¥ Student confidence and the ability to follow their ideas or
innovation.

¥ Studentedproject. Industry ledd

¥ Students learn life skills

¥ Studentarelearning to communicate with industry, the
increase in confidence, real weal experiences.

¥ Challenging students in lots of different areas.

¥ Teamwork & perseveraltise. massive task to develop all the
aspectdor judgingspecially as an exdaricular

¥ Teamwork adeadlines

¥ Teamwork, digital development of skills and kreowlledge,
students' confideringheir abilities.

¥ The ability to adopt a program in a school and have all the
information needed to get it running

¥ The alignmentreatworldindustry imperatives like the need
for a plan, documenting work completed, distributing tasks
among everyone in the team, matiagimject, producing
the required deliverables, and meeting deadlines.

¥ The communication between stuatadgtaff within your
school and in collaborations. The visits from mentors to the
school provideatworldndustry knowledge. Site visits also
enable the students to see what happens in these industries.
The teamwork and probdefaing skills that students develop.

¥ The confidence students build

¥ The extensiofinature takes students outside their comfort
zones and provides themredthifeexperiences

¥ The fadsthat the students can innovate beyond their years.
The adaptation of concepts into reality and their capacity to
problersolve Their drive and mgitiess to take on such a
massive challenge in an arena with studentarglgrofier
than thenhavebeen phenomenal. The pofike students
to build relationships with mentors is prdfotexd@mple,
watching Celestial 2020/21 Worlchezaberseing
mentored by membershef2014 World team Gammaifay
and now to see Fast Fusion being mentored byis@elestial
incredibléegacy. The Macarthur Hub is going from strength to
strength. All teams involved in this Statédexrrgetition
wereso supportive of each ottihe F1 in Schools program
has put students from Years 5 through to Year 12 in a high
pressure, high stakes meltingmathe outcome has been
immense academic growth and exponential developenent of t
'soft skills'. ThawkiyREA, for providing this opportunity for our
students!

¥ The inclusive natur@B@rograms. F1 in Schools is a
competitiothatALL students can participate matter what
their ability. It builds students' confidence and catimunic
skillspreparing them and providing them with lifelong learning
skills for their future.

¥ The increase in student confidence and the development of
team building.

¥ The increage studentsO confidence

¥ The organisation of final events, communication, support &
following the rules & regulations for compé¥iikesire
everyone is equal.

¥ The practical nature and the rigour of the program.

¥ The REA team and support. Dedicgiteograwth of young
Australianhey are providopportunities like no other STEM
program.

¥ The realvorld connections and the sense of competition

¥ The scaffolding and theweald interaction

¥ The studesi¢adnature of the projects

¥ The student'srfidence and application to schoamywdve
significantly.

¥ The Subs in Schalmws our studemtsaccomplish a big
projectworkon a team and experiencewedd connections
with the industry (the sponsors).

¥ The whole f1 program is positiveahgdo mention. Exposing
kids to all facets 8TENS great

¥ The whole process
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ENGAGEMEWTTH INDUSTRY

Student®erspectives

Solving the issues of skills shortages is #raissgaires long term focus and should remain out of reach of the
economic rationaligierboth good and bad readodsistryendgo allow thetrategic focus to be overtaken by
issues of economic rationalism, driggsb®mshatappear to haghorteitermeconomic benefits for the
shareholderdowever, influendimg career motivation of children is not an issue that will resporitetona
Oshoot from the hipO reaction to the Phebieustneeds to be measureitsiactionsard those actions must

be sustained over a long piériiloere is going to be a{trg benefit from an improvement in student attitudes
towardSTEM careers

A fundamental and critical differentiator of the REA programs has been the requirementviok stirdetiys

with industry partners in their projects. Stuskeatdisect relevance between clasaotivitieshey enjoy and the
world of work. All REA programs require studdatsotate and interact with industry and incuttrssidn learn
about technology and career path optiersssessment regime involved pregicnhas students dedicating a
portion of both their project presentations and project portfolio tth&ighlegt research they have undertaken.
This assesent forms part of the overall marking criterielf@oegpetitiomo increase student engagement with
Industry career pathways, REA has agayitstrategp focus students on possible career pathtliayshan
handing career information teestsdEach of our programs has students seeking @itanfabout career
pathways in Indugtrsitaligns with their skills and motivdticaddition to the more apparent outcomes, students
develop many personal and employability skills, armiogkady in a team, working towards a common goal, time
and resources managemenseeidng industry support and mentors.

The students who participated canlie&siustry, the rolefEMhe career opportunjéesl the roles they can
play withithe STEptofessian Still, withaatdustrguppottthefinal link in the transformation to becoming an
Engineer will not happen. Career interventioesdiiay bring students to the doors of oppgabtuirtitginal

step in the process willoenur without industry there to open the Soocgss will only come wisamdustry
engages with the students and commits effort to the process of feeding their intrinsic inténgsbé@y&njineer
the interveian activityt is about industry providing contact with role models and acedsdde kbout the
profession. Role models and knowledge are critical foaustitloEintdustry is in the best place to pioatde
andmaking a sustained effordo so thatill have th@aost significaimpact.

Industry hasscritical role olevelopirgfudent career choigasd there is much that industrgtdo to encourage

students to take up careers in STEM & Enghsestimgn, practiaatiwelidirectednteraction with industry can

impacthe developmestftan emotional link with the participating students as they step out of the school environme
Providing studemighthe opportunity to workreatworldprojectsand standing beside them as they traverse these
projectgs thecatalysthey seek to increase their abilitydide whiakorkenvironmetitey arevillchoose to

enter

Theprimaryssue fotheindustry will le maintain focus on the problem and make the applaprgss to the
normative behaviours obtiganisatiowithin the organisatioensure continued support and sustainability of
programs such tese
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Student Interaction widefene Industry

The following ateidents’ respondesheir involvement with Defence Industries.

Do you understand the meaning ¢ | feel | can better recognise defence Is the Department of
the term "Defence Industries" industries Defence as a sponsér of
70%
239
7% e
189
169
0,
No Yes 1 2 3 4 5 6 7
Yes
| have a better understanding of how defence I have learnt a great deal about careers in defence
industries support the Defence Force industries
o ((
24%9 2394 1990 | oo
16Y0 16%
9%
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Would you consider a career in a On a scale of 10 would you recommend a career in
Defenceelated industry a Defeneeelated Industry to a friend
64% 22 AL
169 179
36%

1% 2% 2% I

No Yes 1 2 3 4 5 6 7 8 910

Would you consider a career in th On a scale of 10 would you recommend a career in
Defence Force the Defence Force to a friend?

910

259
1% 2% () 5%
1 2 3 4 5 6 7 8

Yes
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Student Interaction wilefens®ersonnel

Did your interaction with Defenc:
Personnel in Uniform increase yc
interest in a career in the Defenc

(Students) | would consider the Defence Personne
uniform | met to be role models

21 )
10%
6 7

I
1 2 3 4 5
On a scale of 8, how inspiring is the opportunity to
work with uniformed Defence Personnel?

30%
28%
19%
1 2 3 4 5

I

Force

2%

Yes

Of the students who indicated they had interacted

with uniformed Defence Personnel : on a sbale of
how inspiring is the opportunity to work with Defenc

Personnel

48%
4 5

1 2 3

Note Due to CONIE3tudents haainimaiccess to Defence personrigi@ncentiustry mentors

Student Qualitative Feedback

The following is some of the qualitative data collected from students in response Wiltheigiezestsyou

about a career ilD&fence Indust§@me of the responses indicate that many students do not appear to separate

Defence from Defence Industmng students may not have a logical reasont®theara in their perceptions.

¥ Helping owcountry.

¥ It allows different pathways as well as beingahplageu
can serve your country.

¥ Naval Architecture

¥ Business

¥ Speaking, leading, physical

¥ It's excitingnd you can help people and your home.

¥ The capability of what you can do and howigspieaather
people.

¥ | would be helpimgnypeople and working with a lot of
people.

¥ How they have many different jobs afforded

¥ The technology used in various defence industry subdivisions

¥ Teamwork

¥ Seeing all the machines work.

¥ Knowing that ¢lpedpeople achieve thing

¥ Designing and engineering in the Defence Industry

¥ That you have a chance to pursue what you love

¥ STEM is engaging, fun and widely used

¥ | would be interested because | would be proud to represent
the country.

¥ That you can help peopikewhing it

¥ Money

¥ The diversity of the industry employees and all the different
types of jobs that are available for all different skill sets

¥ Design aspects

¥ Getting to accept new challenges

¥ Submariner Engineer

¥ The ability to use advanced technololyyttethefence
force

¥ | think that the roles that support the AB$sargiabnd as
the Defence Industry supports theb&béy¢hat it isvitalto
have a range of people and roles involved.

¥ Chance to buddvancetichnology

¥ The feelingf helping the nation

¥ Helping others

¥ The multiple aspects to it in enterprise/engineering

¥ Time Management and Trading

¥ The hanesn work and meeting new peaptehavirige
chance to make a positive impact.

¥ | would want to be in the navy to learn discipline and teamwork

¥ Innovations in future ideas

¥ Engineering

¥ Mechanical engineer

¥ The stringent timetable and organization

¥ The broadness of the topic and how it involves lots of
companies and people

¥ That it helps make the world a better place

¥ For starters, the pay. But they look like they involve a lot of
problersolvingnd leadership skilleich are things | enjoy.

¥ Working for the Nation

¥ A largeumbenf possible career choices

¥ Working for my country

¥ The fredom andlaroad range of careers and paths available
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¥ Can support your country in a variety of ways

¥ Australian Army Engineering

¥ The benefits (educational)

¥ The importance in the soei€he great responsibility

¥ | am most interested in a career Ddfence Industry
because of the ability to support people using my knowledge in
STEM areas like aeronautical engineering.

¥ Probably all the STEMsited elements it offers

¥ The vast number of possibilities that they offer

¥ Aerospace software engineer

¥ Enginaéng

¥ It would helpwidevariety of people

¥ Opportunities

¥ Naval Architecture, Aerospace Engineer

¥ Doctor for the Army

¥ Human Resources

¥ If I'm being hondsh not 100% swared | don't know as much
as | would like but it all stands out to me that there is more
than | thought there wkinakes me want to know more :)

¥ Supporting the Defence Force.

¥ Aerospace engineering or any other defence industry career
whichisrelat@ to engineering.

¥ The engineering of medical machines.

¥ Being able to use the technologies available to help protect the
country.

¥ Mechanical or aerospace engineer

¥ | am contributing to the protection of our ¢andti®m
contributing to society.

¥ It is pmarilystembasedand that interests me a lot

¥ Government arrangement

¥ Using STEM ireatworldndustry

¥ The ability to assist the nation

¥ Helping people and marketing, as that is wreidciddise
in F1 in Schools. Also, a lawyer for the Difstnge In

¥ Engineering

¥ Sounds like a cool job. You're also well looked after by the
government.

¥ The number of opportunities and flexibility with thetsort of |

¥ A chance to support those who sacrifice so much for the safety
and freedom élustralians.

¥ While not perhaps my current first option, thebieieg able
to contribute toraore significaptoject and support those
across the country is a very appealing aspect of Defence
Industry jobs

¥ The wide range of things you can do aridrofig® available;
the challenges and work is interesting

¥ Electronics and weapons

¥ Being able to participate in such an important industry sounds
like a really cool opportunity

¥ The engineering aspect of it

¥ Engineering or graphic designing

¥ There are mangreers you can pursue in the defends force
someof whiclareengineering and other related fields.

¥ Variety

¥ Being able to work side by side with people who have the same
goal and Interests as me

¥ | feel that it interests me because we are serviogtiack
community

¥ Helping in a good way

¥ Helping my country

¥ Helping others and contributing to keeping the safent

¥ I've always wanted to branch off into a career in medical
sciences do becoma general practitionacareer as a
medic in the Navpyides just the challenge and advémure
been looking fdhope to explore this field someday further
and potentialbfferservices in the Australian Defence force.

¥ How people work together in the hardest of times

¥ Good learning opportunities

¥ Thathey protect you

¥ How you get to use different machines and gatabdea
different materials

¥ At this pointdon't want fursuea career in the Defence
Industry

¥ F1 in schools heersuper fun and interesting then so should
the defence industry

¥ | want to help people; | want to be part of the Wilikamy
with planes.

¥ Itwould interest me aibltcouldyut overatho.

¥t doesn't.

¥ Designing is somethimyery passionate about and having
the opportunity to become a graphic designer is awesome.

¥ 1 just find the Defence force really cool

¥ Management industry

¥ | get to meet new people and go to new places and help people

¥ Being able to advance the technolofigady diave would be
pretty cool

¥ | would consider becoming an Engineerind@ffasemow
| want to become an Infantry Officer

¥ | would prefer to beEBMT, But algmotdefence is a great
career

¥ | donOt want a career in defence

¥ Intelligence awgber security

¥ Marketing

¥ Aircraft and piloting
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IMPACT OF INDUSTRY ENGAGEMENT ON TEAC

Teachers aeecritical component in influencing career motvatisiny and the education system must work

together tprovide the ongoing guidance and support which will encourage teachers to implement career interven
that are proving effective in producing the outcomes industryTieaeetiagegularly raised an issue during the
research process, but notaitkphddressed within the scope of this research, about the support provided to
implement STBEked career interventions. Many teachers lack the confidence and competence to explore
experiential learning programs within the STEM area and donthanwdengiaeering and other STEM professions
contribute to societal needs. While this research examined the students' motivational dictheis bneieis m

to support the teachers. They play a pivotal role and, in mangpastt@essthe yohkroes and role models the
students must encourage them to take on activities that are outside theiiserperaibe and knowledge.

The survey sought to deterthieémpaatf interaction with Industnteacherareeknowledge.

Have you found collaboration witt
industry a rewarding experience
for your students?

Yes

Is collaborating with Industry a rewarding
experience for your YOU?

Yes

6% 0%
I -
No Neutral No

Have REA programs helped you understand
best to work with Industry for the benefit of the
students and the school?

Have REA programs helped you form
School Industry Partnerships?

67% Sl

23% ""

Yes Can't say No Yes

—i i

Can't say No

Teacher Qualitative Feedback

The following is some qualitative data collected from students in response tAith¢hgue siigncomments you
would like to make?

¥ A program with clear goals and accountabddagnjpetitive
environment.

¥ Chances to network, share knowdegiglpvorkplace skills,
exciting to race cdexlvery professional, plenty of

¥ Altroundntegration

¥ Amazing program

¥ Been a tough fe@asons; onéthe biggest buzzes is a live
event where students see, hear, interact and form new
friendships and a commoderstanding. As restrictions lift,
bringing back students to experience the live event and
rewarding them for their hard work with sideline events and
expos or experiences adds to the value of their effort
throughouthe program. 1tOs more than jusifizate or
medal. Experiences are lifelong memories.

¥ Bringing kids out of their shells.

¥ Building teams.

opportunities offered throtigdprogram

¥ Collaboration, confidence, design and engineering.

¥ Communication, collaboration, the buzz of the boys.

¥ Competitionstudents get to collaborate with other students
from other schools

¥ Competition and irsehool relations.

¥ Competition, life skills, teamwork, motivation for learning.

¥ Competitive naturegtworldconnections, goals

¥ Confidence building, achievement, social skills, industry
collaboration

¥ Confidence, collaboration, teamwork, tolerance

¥ Confidence, motivatiossipgfor learningteamwork

¥ Confidence, teamwork, collaboration, engagement.
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¥ Continuing to develop and refine the matrix for students. This
will assist in the clarity of understanding alopmewnt of
what is required within each of the criteria.

¥ Oursrell number dgiighendstudentsurrentlyove the
progranmbut a large number of our students are below the
state literacy and numeracy achievement levels. | believe the
REA programs are fantdmtiche competition requirements
can beprettyhigh compared to our student academic level
which scares studefitam wanting to compételuding
older students in the F1 development class competitions could
increase our team numbers entering thetitiompe

¥ We are currenthorking on invitia@sister' school to be
involved with our boys in the F1 in Schools program. This is
fantastic program.

¥ Development of the student as a whole. Thegrbeed im
employability and are better placed to togehwiolwork.

¥ Development of the student as a whole. Tlrapfoes
employability and are better placed to cope with school work.

¥ Diligence, fairness, engaging competitions.

¥ Engagement and challenge

¥ Engages studer83 ENbcusech great mixture ofoss
curricular.

¥ F1in Schools is a valuable program and has delivered
exceptionalutcomes for our students. Their personal growth
has been a delight to see!

¥ Fantastic Programs!

¥ For mgtOs theamworkonnection to Industry and the
establishment dféir' brand.

¥ A"Not applicable" response was rfeedethe questioas
pursuingjuestions contradicted the previous response, hence
an incorre@nswer

¥ Friendly competition amongst schools. Teamwork,
collaboration.

¥ Girls that have participated psdyiare now studying
electronics, advanced design in Yr 12

¥ Great program pity about 4X4 next year

¥ Great programs and outcomes for kids. Keep up the good work

¥ Great skills for future

¥ Holistic nature

¥ | am so gratefidrthe experienoé mentoringndsupporting
my students theSubs in School program. | also enjoy the
discussions with the Mentors frome®wiABey have been
beneficidb the students. Keep upetteellenvork.

¥ | love REA programs. F1 in Schools and now Space in Schools
havea hugely positive impact on our school and community.
Students who started F1 in Schools in 2017 at Joseph Banks as
Year 9s(a bumpy year as we established the program here)
graduated from Yd2Manypf the students are now pursuing
Engineering, CAD and design at their universities next year. |
have no doubt REA programs played a role intipatrasiag
career pathway. REA programs have given our current
students at Joseph Banks aeharexcel and shine.

¥ 1'm lucky that | hehighlynotivated students who make it
easy.

¥ | lovehis competitioalthough | may not be at Canberra High
long enough to compete in the 2022 season. I'nif not sure
anyone will pick up the mifritleaveMany of the students
who dropped out during the COVID lockdowns dyave alrea
returnegsol'vegot 13 students without even advertising the
programand several Year 7s have expressed an interest.

¥ In general, success and participa¢ioelebrated.

¥ Ircreased knowledge helps time management

¥ Increased knowledge, time management

¥ Industry engagemeaagtlifeproblem solving, nationally
recognised competition

¥ Industrevekxpectations, great resouncts)se
competition. Career pathways.

¥ Integratedubjectsa project for the students to make.

¥ International comp

¥t is a rich program of skills and experiences that develop
students for real life.

¥ It was great having both the F1 in schools and subs in schools
together. Our students got so much mofehisieaperience
compared to past years.

¥ Keep up the excellent yeortt many thanks for running the
program

¥ Keep up tteupertlworkREA, and thank you all

¥ A more significgrbportion of girls than boys are involved.
Studentseewhat other students can do.

¥ Let'sSay 2020 was a challerygiagfor all

¥ Links in industry.

¥ | lovehe program and love the rigour required to be
successful. The feedback is excellent

¥ Meeting kminded students from other schools.

¥ A multidisciplinagproach, real life, people skills/confidence
involved.

¥ Nothank you. | understandoreefit®f running F1 in schools
and Subs together for natiofiaisould alsmake it
challenging for schools to be able to finance multiple teams to
attend the eveitlill theombination with the Australian F1
GrandPrixmake accommodation and flights more expensive to
participate th

¥ Online competition due to COVID res#fictastslemolished
the F1 in Schools program at the school. It takes tlye fun awa
missing out on meeting other teams, watching the races

¥ Opportunities for the students, ptmeed learning.

¥ Opportunity to compete against other schoolswndtsee
they've achieved.

¥ Pathways from primary, secondary, industry, STEM careers.

¥ Personal growth, confidence, organisation.

¥ Professionalism and support.

¥ Projectasedearning. Learning to bediedtted learning

¥ REAsawesomeand we would be lost without them.

¥ REA makes some disengaged students happy to come to
school. They look forward to learning.

¥ Realifeexperiences in learning for students.

¥ Resilience, teamwork, experience

¥ Scaffold a project to abwarccompetition as a reward and a
goal.

¥ See student's confidence grow, see them become more
resilient, see organisation and teamwork develop

¥ Seeing leargiim a new way by working on "real world"
projects. Soft skills

¥ Some questions were difficult to answer and might not be valid
foryour survey as we had one student and his family bring this
concept to the school. We werenOt quite ready to get a whole
tean approach, so this motivated student went atiead on h
own. | was just a liaison and mentor and helped with minor
construction details.

¥ Structured, well resourced and documented. Well organised.
Challenging but attainable.

¥ Students are a bit overwhelnitidall the rules and
regulations

¥ StudentsO development of STEM skills

¥ Supportive, room for the students to grow in their work and
different levels of competition.

¥ SupportsrosscurriculaSTEM projects in our classrooms.

¥ Teamwork, collaboration, Emigige

¥ Teamwork, knowledge of "real world" practices

¥ Teamwork and innovation

¥ Teamwordndcommunication using all skills and concepts
from STEM subjects in a pmjpportransference of skills
and knowledge.

¥ Teamwork, extending their competenceeatipges
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¥ Teamwork, selfteem (confidence), organisation

¥ Thank you for everything the team does to facilitate these
excellent programs!

¥ Thank you for running this programme.

¥ Thank you! Your dedication this year has been over and above.

Your commitment tret gone unnotice@hank you!

¥ Thanks

¥ Thanks for developing a phenomenal program!

¥ Thanks for providing my students with this great opportunity
cheers

¥ Thanks for running such a great program.

¥ Thanks for running thissgastiprograms for students.

¥ Thanks! The staff at REA are doing wonderful things. Michael
Myers, for example, worked with one of my boys &br hou
the state finals. He left with a massive smile, knbwing tha
Michael cared for his learning. Subs in S8Walsas a
wonderful experience.

¥ The F1 model of education is fantastic. | love the integrated,
crosscurriculaapproach.

¥ The focus of design through to competition

¥ In thenonrcompetitive natuy@uare competing to be your
best, not competing to beat the other team.

¥ The program forces students to work as a team and improve
their collaboration. Their probt#wing skills have also been
enhanced. This is an excetiesgcurriculaprogram.

¥ TheREA runs theost significaBTEM challenges for school
students in the World. Just great to be a part of it.

¥ The teamwork and collaborative nature of the programs.

¥ This is a wonderful progeard | look forward to expanding it
at our school.

¥ Travel astaam. Success/failure as a team. See the process
fromstart to finish.

¥ A veryvorthwhile educational initiative that appliesd@mowled
and skills to relevant contexts for ambitidests

¥ We didn't know that our students were not conmptting o
lastday. If it was only top 8, how did we know if we were in the
top 8 or not? We had parents from Brisbane come up today
thinking their childreempeted We only ended up getting a
race with a BSH team (who also didn't make it) when we
questioned thing3ossibly a running scoreboard so that
students know where they are. Again hovkmimnjforou
are in the top 8.

¥ We would like to thank the REA team for theirsopgoirig
and wonderful programs offered to Australian students.

¥ Well done on gettinthis far this year!

¥ Working as a team, developing "softtesiliEnce@roblem
solvingcollaboration

¥ | wouldove some resources on how to use CFD!

¥ Yes, this is the best experience for any student at a school!
Thank you, REA.
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CONCLUSIONS

Developmental career theorists such as Super (1996), Ginzberg (1984), Goitfi\éasdkrét@&1)/ondreicek

al., 1986) have noted the importance of the adolescent years in laying the foundation fordduuwraticenaler and
pursuits. Each of these theorists acknowledges adolescence as a crucial time in devp&pagionisrests,
abilities, arkchowledge of the world of work.

The students who participated in the research came from various socioeconomic and multicultural backgrounds
Australia. It included students from private and public schools, city and couneyasgstate Hrenation.

Given this diversity, it is reasonable to assume that the group of studeipstechopeeta broad representation

of the Australian high school student population.

This research focused on examining the effectiveness of Bisad/8TeaMdrphic Learning programs, which

have as their goal a desire to influence student career motivation and choice toward STEM and Engineering car:
pathways. This research aimed to measure the success of the programs, the reasartsé&shmuttigeither

data on the general factors that influence career choice in students. An important gadvisedntoside on

its role in attracting students to STEM and in their direction.

The analysis showed a strong connection between thetfengtsmbtivation toward careers and the extent to
which students reported that they were more idti@reateers in STEM because they participatehgrdim
(correlation =0.65). This data supports the view that once stielecesSpMiETES, their intrinsic interest in
those activities increases. If further fuelled by activities that conoeetr#iez pathways, there is an apparent
propensity that it will influence student career decisions.

The qualitative data confirmecbtimgection between program participation and intrinsic motivation. Students
recorded "learning about STEM careers" and "learkiMgvthatf@&T and exciting” as their two highest responses to
those aspects of the programs, which changed their pé#r&ajitMras a career path.

The key elements whiclemmedrom the data of this research are the following:

1L TheMetamorphic nature of the learning process veighprageams delivers a transition in tstaden
teacher) capabilities so profound that they don't just change aopdestyesase; they change them
fundamentallgtudentaturity, sedffficacy toward career choice, personal drive, communicseién skills
confidencand capacity to warkaiteam to resolve issaleshow dramatically improvement.

2! Sudentslisplayed high levels of intrinsic motivation and a propensity to respond istiadsehactivit
attract their interest. The high levels of intrinsic motivatiohEdverdogded in the students, combined
with an activity that rated very highly on thifis¢@le, has resulted in a significant inpacstodents,
with 77% of students indicating that the progir#ftodrantd a change in their career motit@tiards
STEM.

3! Within their immediate peer environment, studemtistogsaents and critical individuals. Hovgever, th
level of response changes depending on the people theyhintieedatoviledge they gain and the
experiences they encountbimaan intervention program. The extent of this change is different for boys
compared to girls.

41 Student career decisioaking se#fficacy is high, which translates to the students feeling very confident in
their abilities to choose a career path.

5! Whilestudents are influenced by those in their surrounding enviroingrtheircharents, they are
predisposed to respond to their mates' influence over establishing a Cool stataisgovaepsudicul
activity. For this reason, the industrytmeaids the image of significant projects.

6! Students' response to their involvement in the programs was led by how much they had learned about S
and how fun and exciting they found it.

7! 50% of students are interested in careers in Manufacturing.

8! Inover 94% of students, there has been a significant increase in employability skills capabilities.
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9! In 84% ofwglents’ theacademic achievement increases across all subject areas because of their
participation.

10. 99% of teachers felt they learned significantly from their participation (Inspiredeeaspieesl creat
learners).

11. Industry involvement plays a crucial role in attracting studstgsindtéacilitagstudents to take the
last step and enter the doors of opportunities in specific companies

12. Learning emonments that facilitate an increased understanding ohaafgevgh the different
motivational drivers of Boys and Girls wilggoayltmproviding the guidance and understending t
students seek as they make critical career choices.

Discgsion

Long term sustainability of career choice toward STEM is influenced bydietaleneslfoimation the students
receive about STEM and magnifies if the messagitiywiiatshey experience while undertakingfacsisEd
career intervéon activity. Changing the messages delivered to studentsistnybatidisdciety is critical to the
success of any career intervention. Without a change in the way we markattSthritsaiterest, the
sustainability of any interveptimgram aimed at attracting students could be questionable.

The story about STEM needs to be told differently to Boys than to Girls.

Boys need continuous human interaction, particularly with role models and memgirtheo pedkrand upon

whit they can build career motivation. Boys learn by apprenticeship and respond to the imtles.cElayrole m
need to touch jobs before making an emotional decision about career engagement. The movement of Boys into
careers will increase byifaiiilg interaction between students and adults in STEM falesniesaging to

boys is that there will always be professionals around them during their caneerijbbeipytivem learn and

grow. For boys, STEM career pathways are an opportunity for continual learning. ThatalactRoysitch
Engineerif§TEM carearsuld be the following:

¥ STEM careers will allow you to design many Cool things throughout your career. You wilithave the oppo
to work in great teams anchleantinuously from the very experienced professionals around you, and your
career will be one of continuous discovery.

Girls respond to managing complexity in environments. Highlighting the processesantvedwileatiract
them to STEM pssifens. Girls will respond to the project management aspects of STEM caeers and need
understand the processes involved in complex pragésiatdpiteh to attract Girls to STEM could be the
following:

¥ STEM professioequire a great deal of agment to bring together all the different skills and processes
needed to achieve an outawrselve a problemthroughout your career, you will be required to manage
and coordinate complex sets of tasks to bring a project to a successful conclusion.

Coolr'sRole Model

The term "Cool" has been mentioned many times throughout this document. Many things can be cool: people, pi
and companies, with some propensity to present a "cooler" than others. While students equate @apol as being lin}
exposure, there do not associate a direct link between being cool and being a role model. In stoums' eyes, a ro
is a person (company or project) they perceive as doing ggodbtadauis are very clear idéffiisition of role
models.hUs, a dilemma exists for Indsistytd they focustmtoming visible (coobeing perceived as a role

model in sociesshichmay require different marketing strategies. Totenmgaxneed to be both. Being cool

enough to attract students' attention while beingadeblénattudentsvould like to be empldyed

In general terms, students consider STEM "Cool", which Itgd@agitoaerikeir intrinsic interest. Once the door
of inherent interest is open, it is additional motivators delivered by Industye anddming good in society” in a
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way that the students can relate to that will tfeingareer choice norfrsgrow the number of students taking
up STEMetdustry needs to lead how it presents itself to the next generation if it is to plas@STEM career
students' radar and within their scope of acceptability.

Defence & Defence Industry

As highlighted by Bandura's (1969, 1977, 1982, 1986) social cogratieedbeq@goplelin society have a strong
capacity to influence action anefieticyThe size and visibilifyrojfects vide a unique opportdoitipefence

and Defence Industrympact students’ understanding of the applicationHuv&MeR when dealing with Defence
and Defence Industry, there is a significant dilemma regarding the normative imagehge tbameristgy. The
classic research definition of a role model is "someone who does good in society". The roleeoéefence in the r
natural disasters we have faced, flood and fire, hasngidelDgfhnce's image in the community. Defence is seen to
do good things societyPeople in Defence, particularly those who presemnt, ifitumitto this image of positive

role models. And in many instances, better than modestienpemdud be comparable with the social image

of Doctors and nurses: their uniforms, structure, and role in protecting the community.i€hedin o, samgr

its employees/members are consiskeoadrole modelé. component of this research examined the@impact
studentmotivatiothat interaction with Defence Industry and Defence Rblesraoddlsey capacitinfuenced
students' motivation toward STEM cahneexysat

Students do not associate Defdhc®\NWIT good for society" for several reasons. The proliferatiorbaseomputer
war game, which the younger generation see ks forgrhete a mental model of Defence that waiNe not

them away from careers in Defence Industries or Defence. Atddgibralty50 years since our last visible
conflict (Vietnam), and the current students and most likely their parents do not connecvéuiigagés égat
war The negative images which could be attached ta®sbeneextente enorefront of mind @ mature aged
(baby boomenarketand there is no reason yet for students to assgithitate mental model.

When it comes to attracting students to careéende @Bed Defence Industries, the current pencepiitety is
excdent.The manyf thesignificardndvisible projects Defence and Defence Industry are ideDfigiders,
Submarines, and Ships are of intrinsic interest toastdfdéintedhe categorpfrole model projscand aréom
a studentOs perspeatideubtedly cool

Determining the difference in the impact of [pefsnoeels Defence Industries role models on career motivation
is complex. It would require a significantly complex multivariabldetaatyisie twhich has more or less impact

on student motivation. We did, however, see in the qualitative responses that studentsafids)ceparatny
Defence from Defence Industry. For them, the two are one. When asked if theyawartdeiconBieiflence or
Defence Industry, 64% would considerIBefmsiige and 54% would consider Defence. Students alsa highlighted
positive emotional connection with the Defence and Defence Industry's role in soceetya Bihglaessed
marketing image, i.e. not explicitly separatiog flmfeDefence Indysnd usinmerginghe image between the

two could help significantly influence students' career motiaegins farSTEM, not just Defence or Defence
Industry.

Summary

If nothing else, Industry must take from this researcledpabihies and enthusiasm of our children

are profound. Given the high levels of intrinsic motivation and the strong linkage in the literature betwe
intrinsic motivation, sd#ffcacy and innovation, it is reasonable to assume that this newfgeneration
students will be highly innovative. An excellent position for Industry, and our nation, moving forward in
competitive world.
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