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EXECUTIVE SUMMARY

The factors responsible for women's disengagement
from STEM fields are both intrinsic and extrinsic. At
one end of the spectrum is low self-confidence and
lack of interest (intrinsic factors). At the other end,
there are contextual factors such as limited exposure
to and awareness of STEM fields and careers
(extrinsic factors). In an effort to transcend contextual
limitations, system  worldwide
learning environments
conducive to higher participation of girls in STEM
over the last few years. Here at stem.T4L, where a
strong focus is placed on raising students’ familiarity
with and effectiveness in the use of technology,
we continue to examine the potential of stem.T4L
on girls’ learning and engagement. In the present
research, we endeavoured to unpack whether an
after-school art Masterclass learning environment
equipped with stem.T4L IVR kit would enhance girls’
understanding of the affordances of IVR for creating
digital art, and hence heighten their interest and
confidence in using technology.

the education
has strived to establish

Blacktown Girls High school served as our case
study, where we collected extensive data through
pre-post surveys, focus group
students and teachers, and classroom observations.
Students’ learning journeys were documented
throughout the four school terms in 2020, with
a temporary halt in Term 2 due to school closure
caused by the COVID-19 pandemic. Implementing
a project-based approach, the Masterclass teachers
orchestrated learning activities that prepared
students for a journey to create a digital artwork,
called the Relaxation House. At the outset of the
course, students who participated in the focus group
interview appeared confident and highly interested
in harnessing IVR for creating art. Their prior positive
experiences of learning with technology (e.g. VR,
robotics) had sparked their curiosity to further
explore the potential of IVR. The baseline survey data
(N=23) confirmed this observation further where we
found that girls’ confidence with using technology
was noticeably high. Their interest in learning
about technology was also exceptional, with 100%
indicating that they would like to know something
about how technology works.

interviews with
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The Masterclass participants received 15 lessons
throughout the year and completed the course
with an outcome as significant as designing a
digital environment, which could provide a virtual
experience to the user as well as serve as a relaxation
activity.

Apart from the course being an artistic success,
the Masterclass with IVR resulted in a number of
positive outcomes that are outlined below:

¢ Upon completion of the Masterclass, students
reported having a deeper understanding of
the role and importance of technology. For
69% (N=9) of the pre-survey respondents,
technology meant “devices” or *“anything
digital”, with little attention being placed on
the far-reaching impacts of technology. This
figure dropped to 46% in the post-survey. In
other words, five students adopted a more
‘holistic view' by the end of the course; they
moved away from perceiving technology
simply as “devices and phones” to developing
a wider awareness around technology, defined
by one student as “the application of science
in human life”.

e Gain in students’ knowledge and aspiration
for technology career pathways was another
key by-product of the course. Through the
real-world application of IVR, students learned
to appreciate the various possibilities that
technology offered for creating art, which
in turn opened up new horizons for them,
motivating them to consider career options in
the field of technology.

e Student engagement was a conspicuous
featureofthe Masterclass. Thehighfrequencyof
on-task behaviour (behavioural engagement),
contributions to group work (social
engagement), planning and role allocation
(cognitive engagement), and application of
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technological knowledge in new situations
(conceptual-to-consequentialengagement)were
credible evidences to suggest that all students
were consistently engaged in the activities.

The main source of self-efficacy is believed
to originate from the direct experience
of mastering a task. This is confirmed by
the present research which revealed that
students’ success in creating the Relaxation
House (i.e. Mastery experience) bred a notable
sense of confidence. All interview participants
pointed out that they had felt a boost in their
confidence, rooted in self-belief that they had
succeeded in using IVR to create digital art.

The Masterclass learning environment
created ample problem-solving scenarios for
participants where they learned how to (1)
define a problem (i.e. how to create a tangible
product within the IVR environment); (2)
generate ideas on how to approach the
problem; (3) adopt technical and creative
solutions; (4) tinker with a range of software
applications and tools to modify and enhance
the selected solutions; and (5) solve a real-
world problem.

We observed behaviours and attitudes that
indicated students were able to regulate
their own learning and were in charge of
the learning process. For instance, they
collaboratively defined goals for their group,
assigned roles to each member, and came
up with a timeframe to achieve the desired
outcomes. We postulate the Masterclass
teachers’ “guide on the side” approach
contributed  significantly to  students’
autonomy and enabled them to become self-
directed learners.

The stem.T4L environment lent itself perfectly
to many situations that required students to
step outside of the box, embrace new ideas,
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become decision makers, and express their
creative freedom in innovative ways.

e The hands-on and experiential learning with
IVR paved the way for on-going collaboration
and teamwork, bringing together students
from different year groups with different skills
and strengths to collaborate, share ideas, and
learn from each other.

e stem.T4L IVR kit, while utilised in a specific
extra-curricular context of the art Masterclass
in Blacktown Girls High school, resulted in
the achievement of wider curriculum and
syllabus outcomes for students. Students who
participated in the Masterclass demonstrated
technical accomplishment, used a range of
materials, techniques, and process to create
art (Visual Arts syllabus outcomes), and made
informed choices to develop and extend
concepts and different meanings in their
artwork (Photographic and Digital Media
syllabus outcomes), to name a few. The art
Masterclass also generated tangible digital
literacy outcomes that are a key aspect of
contemporary STEM agendas in schools
across NSW. As such, we postulate that stem.
T4L IVR equipment once fully integrated, has
the potential to enhance student learning
outcomes across a wide range of STEM and
Nnon-STEM Learning Areas.

The findings of the present research
demonstrated that using IVR for creating digital
artisa promising approach tostir up girls' interest
in technology, enhance their engagement in
learning, raise their awareness of the affordances
of digital technology, and motivate them to
further explore career options in the field of
technology.
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b \/R has become a very possible
future for me... because | know how to
use it now. I'm starting to think of the
possibilities and how far | can take it

into the world, and how | can share this
experience with other people.1?

- Ann, art Masterclass participant, final focus
group interview.

International research on STEM frequently highlights
a gender gap that starts to widen as early as high
school. That is to say, although their aptitude for
success in STEM is similar, boys' and girls’ interest,
self-efficacy, and persistence in STEM fields differ
dramatically (Cooper, & Heaverlo, 2013; Else-Quest,
Hyde, & Linn, 2010). For instance, international
researchers found that male students had higher self-
efficacy and outcome expectations in STEM related
classes compared to their female counterparts (Falco
& Summers, 2017). Other studies have observed that
males’ interest in STEM careers remained stable
throughout high school, whereas for females it
declined from 15.7 to 12.7 (Sadler, Sonnert, Hazari, &
Tai, 2012). Another interesting study was conducted
on the same group of girls at three different time
frames. The findings revealed that 30% of girls in
middle school (ages 11-14) believed coding and
programming required for some jobs, were not for
them. In high school (ages 15-18) the figure jumped
to 40%, and by the time they were in college, 58%
counted themselves out of those jobs (Kesar, 2017).
Thefindingsfrom these studies,amongst many more,
indicate that the underrepresentation of women in
STEM careers originates from a loss of interest, which
occurs approximately at age 11 as some researchers
believe (e.g. Stoeger et al., 2013), and exacerbated by
their lack of self-confidence in STEM.

The factors responsible for women’s disengagement
from STEM fields are not just intrinsic, but a number
of contextual and extrinsic factors contribute to this
“leaky pipeline” (Blickenstaff, 2005). For instance,
lack of family/teacher/peer support (Aschbacher, Li, &
Roth, 2010), cultural stereotypes about “who” should
pursue STEM (Schuster & Martiny, 2017; Smeding,
2012; Zhao, Carini, & Kuh, 2005), and absence of
female role models and mentors (Cheryan, Master, &
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INTRODUCTION

Meltzoff, 2015), are three main underlying causes for
women’s limited participation in STEM.

To address ‘pipeline’ issues and attract girls and
women to STEM subjects, varied programs and
activities have been designed and introduced. If
successful, such interventions are likely to make
STEM appealing to all girls, not just those already
interested in these subjects (Chun & Harris, 2011). That
is because when girls are exposed to real-world STEM
scenarios, where they see the multiple applications
of STEM, they come to view careers in these fields as
desirable. Particularly for women, who are motivated
by work that can have positive impacts on the world
(Modi, Schoenberg, & Salmond, 2012), technology’s
transformative  potential creates new career
aspirations (Kesar, 2017). Hence, STEM programs that
engage girls in hands-on collaborative activities and
focus on real-world issues, are likely to improve their
perceptions of their abilities in STEM, heighten their
motivation, and encourage their participation in
STEM fields (STEM Task Force, 2014).

Although STEM programs take various forms,
one approach that is believed to increase girls'
engagement with STEM in particular is STEAM
(Wajngurt & Sloan, 2019). STEAM is a student-centric
approach that adds the arts component to the STEM
subjects to enhance students’ creativity, innovation,
and problem-solving skills (Root-Bernstein, 2015).
A STEAM curriculum provides a fresh lens through
which students can see how technology is used for
21st century artistic purposes (Liao, Motter, & Patton,
2016). Moreover, as STEAM adds social and human
aspects to the STEM domain, it appeals to all learners
including those that are not STEM inclined (Ahn &
Kwon, 2013).

STEM/STEAM programs have been implemented
in different contexts as a catalyst for generating
interest and engagement in STEM. In Australia,
where women account for only 16% of the STEM-
skilled workforce (Australian Academy of Science,
2019), there is a dire need for creating environments
conducive toenhanced STEM interest and aspirations
amongst girls. STEM participation gaps are even
greater for women from low socio-economic status
backgroundsand Aboriginal and Torres Strait Islander
communities, putting them at “high risk” of not
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developing STEM skills and capabilities (Australian
Education Council, 2015). In response to the call for
greater “national effort” to increase female STEM
participation and attainment (Australian Education
Council, 2015), a range of girls-only STEM initiatives
have been introduced in Australia in the last couple
of years. For instance, STEAMpunk Girls Program
(Ng & Fergusson, 2020), funded by the Australian
Government, aimed at increasing high school girls’
STEM learning experiences and engagement. The
positive outcomes of the program suggested an
increase in girls’ confidence and motivation as well
as their knowledge and aspirations around STEM
fields and careers.

Stem.T4L is another large-scale initiative by the NSW
Department of Education. Through provision of STEM
gender neutral technology such as PC Robotics,
Immersive Virtual Reality (IVR), and Filming Kkits,
stem.T4L endeavours to engender STEM enthusiasm,
confidence, and knowledge not only amongst girls
but all students and teachers alike across NSW.
The hands-on STEM learning experiences created
by the stem.T4L technology, have promoted active
engagement with STEM in 1,812 schools so far, and
boosted students’ and teachers’' confidence in using
technology for learning. The extensive research
conducted over the course of the project is available
at:  https://t4l.schools.nsw.gov.au/stemt4l/stem-t4l-
research.html

In some of the earlier studies on the stem.T4L project,
we investigated girls' engagement with stem.T4L
technology in co-education contexts. In this study,
we look at a girls-only school that implemented one
of the stem.T4L Kits in their STEAM extra-curricular
course to explore:

1. how this particular setting lends itself to
an increased integration of the stem.T4L
equipment,

. how girls’ understanding of, and interest
in STEM pathways and careers are shaped
by their new-found knowledge of STEM
technology and affordances, and

. what girls’ key takeaways are from this
experience.
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The following section provides an overview of
Blacktown Girls High school, as a case study for this
research. We present data collected from the art
Masterclass, that utilised the stem.T4L IVR Kit over
four terms in 2020. We will then discuss the findings
to determine whether the stem.T4L technology
has the potential to positively impact the learning
environment to create higher engagement and
motivation amongst girls, and hence spark their
interest in STEM-related fields.

BLACKTOWN GIRLS: A CASE

STUDY

An overview on Blacktown Girls High
school and the art Masterclass

Located in Western Sydney, Blacktown Girls is
a government high school, enrolling students
from different academic backgrounds including
selective and local comprehensive contexts. 86% of
students speak a language other than English and
a large number of students come from refugee
backgrounds'. For over ten years, Blacktown Girls has
run art Masterclass programs as an extra-curricular
course held after school hours. Participation in the
Masterclass does not require any prior knowledge
and the selection of studentsis solely on a first-come
first-served basis, although the number of students
taken in each year is limited to 25. At the beginning
of the year, the art teachers circulate a school-
wide notice to give all students the opportunity
to participate, provided they obtain their parents’
consent.

The aimsand art-making activities of the Masterclass
vary each year and they are usually different from
what students normally do in their art class. For
instance, in 2019, Blacktown Girls collaborated with
a few street artists and Blacktown Hospital to help
design a mural. In 2020, the implementation of
stem.T4L gave the art teachers of Blacktown Girls
the opportunity to integrate STEM technology in
their Masterclass. The stem.T4L kit that the school
had booked was IVR. Designed specifically for

1 The information provided on Blacktown Girls High school was obtained
from Myschool website:
https://www.myschool.edu.au/school/41808
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secondary students, IVR taps into multimedia and
design thinking to make STEM/STEAM learning
more engaging by encouraging creativity, problem-
solving and innovation.

The art Masterclass met each Tuesday afternoon,
from Week 5, Term 1 to Week 8, Term 4. In total,
students received 15 lessons throughout the year,
with a poster presentation in the final session
concluding their journey.

Early in Term 1, the research team met up with
the 23 students, who had signed up for the course
and had consented to participate in the study, and
provided details on the research, which included
participation in a survey and focus group interview
before and after completion of the course.

Additionally, classroom observations were
designhed to be conducted at the outset of the
course to document students’' initial impression
and engagement with the IVR technology, with
further observations scheduled for the year ahead.
However, as schools had to switch to an online
learning mode following the COVID-19 lockdown,
classroom observations came to a halt and only two
observations were completed throughout the year.
Apart from the data collected from students, a one-
off focus group interview was held with the two art
teachers (Ms Kataria & Ms Gifford) at the conclusion
of the course. The teachers were also invited to
share their lesson plans, classroom activities, and
students’ work samples with the research team to
help them obtain a clear understanding of varied
learning stages students were going through and
the development of their artwork. Table 1 presents
the data collected from the research participants
(i.e. students and teachers) at two intervals:
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Baseline __|Follow-up

Student Number of Numlber of

Survey responses: 23 responses: 13
Year 7. N=10 Year 7. N=4
Year 8. N=8 Year 8: N=5
Year 9: N=2 Year 9: N=1
Year 10: N=3 Year 10: N=3
March 2020, December 2020,
Term1 Term 4

Student Participants: 7 Participants: 9

Focus

group March 2020, November 2020,

interview  REATeR Term 4

(ol Y eTe] o B Students Students

observed: 21 observed: 18

observation

March 2020, August 2020,
Term 1 Term 3
Teacher N/A Participants: Two
interview
December 2020,
Term 4

Table 1: Data collected across the baseline and
follow-up phases

Who are Blacktown Girls? Data from
baseline focus group interview

The first focus group interview with students,
held early in March 2020, served specific purposes
including generating baselinedataontheirfamiliarity
with IVR technology, their prior experiences and
perceived confidence with technology, the skills and
knowledge they were hoping to develop through the
Masterclass, and any learning concerns or challenges
they had or could foresee.

Thesevenstudentswho participatedinthe30-minute
interview, conveyed a high-level of confidence and
enthusiasm for working with technology, in general,
and venturing on the new adventure of utilizing IVR
for creating art. What had contributed to their self-
perceived confidence in using technology appeared
to be their everyday use of computer devices to
access online resources and to complete learning
activities and homework. As they told us, they were
confident that they could easily transfer the skills
they had acquired before, such as troubleshooting, to
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any new situation, and implement the same skillsets
when working with IVR, as indicated in the examples
below:

Mina: “We always use our laptops for doing normal
tasks, which makes everyone basically able to use
IVR, so you're really confident using IVR because
you've used technology before?".

Sofia: “Once you get to use technology, you can
access a wide variety of resources that can help you
understand something better or something new”.

Another driving force behind students' confidence
in their abilities to harness new technology was
the school's strong push towards implementing
new technology to improve their students’ digital
capabilities. The school borrowing the stem.T4L
equipment was an indication of its high regard
for adopting emerging technology in education;
something that participants appreciated and highly
valued:

Evas. “The school really respects technology and they
always push us further, and that’s why they decided
to bring the VR in because it’'s going to help us get
our creative minds on and that’s why we have them?”.

Kate: “As someone said earlier, we always used
technology in our day-to-day life, because if we
really want to learn about it, we should use it, so they
[school] brought it so we could learn more about it".

Ann: “Technology is getting more advanced, so
they [school] also want to teach us how to use new
technology as well, so we get used to it as we go on.
And also, our career might involve that particular
technology as well.

The interview with the students further revealed
that they had background knowledge and some
experience with VR either outside of school, or
in their history lessons. So, they all had a sound
understanding of the affordances that VR would
present, especially the unique learning opportunities
it could create in their art unit.

2 lItalics is used to denote the text is a direct quote from the participants.
3 Pseudonyms are used for the students to protect their identity.
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For example, Kate said: “It [VR] lets you explore new
techniques. Rather than just draw it on a piece of
paper, you could actually recreate the thing as
though you were part of jt".

Mina agreed and added: “On pencil and paper, you
can'’t really be inside — you can'’t really be with the
picture. You can't really see its true thing. And then if
you're in virtual reality, it can be interactive, and you
can see new perspectives of it".

Clearly, the VR world was not entirely new to these
students, where their prior positive experiences had
triggered further curiosity for exploring the IVR kit,
particularly for coding and programming within the
IVR environment. Although coding was a familiar
concept and they had gained some knowledge of
coding in primary school, a few participants were
keen to know what creating an immersive experience
with IVR technology entailed and how coding was
implemented in IVR. For example, Sofia said: “In
primary school, there was this robotics — you had to
come early in the morning, and then do robotics. |
was in that group. And we learnt how to do coding in
Year 3 and stuff like that, but IVR is kind of different...
because you have to make an experience for people”.

Kate expressed a similar view; she was ready to
explore IVR technology further and unlock its
potentials for programming: “/I've watched IVR before
on the headset, but | haven'’t really programmed
something on the headset”.

Having the opportunity to work with VR technology,
had given the students insights in to key capabilities
for effective teamwork. For instance, Maryam and
Sofia pointed out that it was crucial to never give up
and show resilience to achieve outcomes:

Maryam: “Sometimes, when you get really frustrated
because you've tried so many times and it's not
working, so then you just give up in that moment.
But l usually try not to, and | just try and ask for help”.

Sofia: “I feel that everyone wants to give up
sometimes, but when you're doing something, you
shouldn’t really ever give up on anything, because
then you'’re never going to be able to learn it and
you're not going to be able to do anything”.

Kate agreed and shared her own experience of using
VR to conclude how “trial and error” was an integral
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part of using VR technology, and everyone should be
willing to test ideas out, learn from them, and apply
their learning to a new context:

Kate: “With the VR, it's almost a constant process
of trial and error. So, you can try different methods
every time and even if it might not work, you can
always use that method for a different idea that you
might come up with along the process”.

Ann shared her sentiments and warned that [if you
stopped trying], “then you're never going to be able
to learn it and you’re not going to be able to do
anything”.

Other skills that students agreed their team should
possess included planning, collaboration, and
cooperation. For Mina, the key to success when
designing a project, was to map out every step of the
way and stick to the roadmap. She said: “You can't
just get on a computer and start. You have to plan it
out; how your game will be, the rules, the time limit,
or how are you going to make it”. Sofia stressed the
importance of cooperation; respecting everyone's
voices even when they do not echo your ideas, and
giving others the chance to have an input: “You also
have to use the skill of cooperation because it’'s not
always everyone's going to agree with you. There's
always going to be some disagreements with each
other”.

Most of the students were also ready to take on any
challenge that could arise throughout the learning
process and were confident that they were able
to resolve any issues through seeking help and
maintaining perseverance. For instance, Mina said:

“Usually, when | have a challenge, I'll, ask my friends
if they can help me out because you're not the only
person out there. There's people to help you as well.
And, sometimes, they're bigger — more knowledge
of something that you might not really know (sic).
And | might ask the teacher as well because they're
always there to help you”.

Similarly, Sofia explained how she would stick around
and keep exploring until she found the answer: “If
there’s a challenge, you can try and find why, how,
and if something is not working, you can give some
time to explore just around and see what each tool
is for and what it does”.
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The last question addressed in the focus group
interview aimed to examine girls’ personal beliefs
about STEM gender stereotypes and their appraisal
of their abilities to succeed in STEM fields. Literature
in this realm suggests that one of the key barriers
to girls’ engagement in STEM is the masculine
connection to STEM (Smeding, 2012), and the extent
to which they support STEM stereotypes, which
seem to become embedded in girls’ and boys'
mind around the age of 15 (Steffen & Jelenec, 20M).
Interestingly, students participating in the interview
adamantly opposed to such theories, evident in their
protest that anyone could do STEM as long as they
“put their mind to it". They regarded interest and
perseverance as factors determining one’s success
in STEM rather than gendered categorisations. The
guotes below sum up the lively discussion that this
interview question prompted amongst the students.

Maryam: “It's not so much about the gender, but if
you have the interest for it, there isn't really anything

stopping you”.

Kate: "I think especially in today’s society, there's no
restrictions for girls, it's not like boys can only do this
and girls can only specifically do that. Anyone can
do anything”.

Ann: “It doesn’t really matter because anybody can
do anything if they just put their mind to it".

Eva: “I think that the person who made Instagram
is actually a woman which means technology
is for both genders, and women are currently
discriminated against in the field of technology’.

Olivia: “I actually know someone that is a scientist
and she’s a girl. And she’s very good at that field of
study. | also know a boy who's a scientist. And they're
both very good, so that just tells me that people
can be anything they want to be and just because
there’s stereotypes, it doesn’t mean you have to go
by those stereotypes”.

The data derived from the preliminary focus group
interview, as described above, proved illuminating
and offered valuable background information on
research participants. What we observed was a
strong passion for art, high confidence in using
technology, and keen interest in learning how IVR
equipment could be applied in the art world. This
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observation echoed previous studies on STEM extra-
curricular courses that suggest as these activities are
“self-selected”, students who choose to participate
are often those with a deep interest and curiosity
about the subject (Dyer, 2004). Without a doubt the
Masterclass participants were extremely motivated
and ready to embark on this new adventure. What
confirmed this conclusion further was the baseline
student survey, run in parallel with the focus group
(i.e. March 2020). The student survey was designed
to measure girls’ self-perceived confidence in
technology, their attitude towards use of technology
for learning, their interest and aspirations for STEM
fields, and their digital resilience at the outset and
end of the course. A direct comparison between the
data collected at these two entry points would draw
out implications about the impact of the course on
this cohort.

In line with the interview data, the baseline survey
responses (total number = 23) suggested that
students’ confidence in using technology was
noticeably high at the outset of the program. For
instance, 92% believed they were “able to help others
learn how to use technologies”. 92% also felt “as
capable as boys when fixing technical problems”.
Students’ interest and motivation to learn about
technology were also exceptionally high, where the
data showed 100% “would like to know something
about how it [technology] works”. The ratings on the
digital resilience aspects of the survey were also well
above-average. For example, 77% agreed with the
statement: “If | get stressed when technology doesn’t
work, | can overcome it".

When we compare this cohort's self-perceived
technology confidence, interest, and digital
resilience with the larger cohort of High school girls,
which had taken part in previous studies, we come to
the conclusion that the students participating in the
art Masterclass had high intrinsic motivation for the
course. What had contributed to and strengthened
their motivation and confidence were their enjoyable
prior experiences as well as their school's heavy
focus on technology adoption. But, whether the art
Masterclass equipped with the stem.T4L IVR kit could
even further their passion and interest in STEAM was
yet to be explored. In the following section, we will
have a look at the students’ year-long journey with
IVR and the art project they produced by the end of
the course, before moving on to the findings of this
research.

IVR as a tool to
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Students’ journey with the IVR kit in
the art Masterclass

Learning about the IVR equipment

Week 5 of Termm 1 marked the beginning of the art
Masterclass. In the first three sessions, students
learned about the overall aims and objectives of the
course, shared their prior knowledge and experiences
with VR, and were familiarised with careers that use
IVR technology. Examples included professions like
the defence forces, where IVR is used for training
soldiers; or in aged care, where people with disability
or mental health use IVR to experience digitally what
they physically cannot.

A key focus of the initial lessons was on using the
equipment effectively and safely, so students also
learned, for instance, how the quick change in the
screens, colours, or settings could trigger episodes for
someone who has epilepsy. As shown in the picture
below, taken during the first classroom observation,
students also watched how-to videos, available on
the stem.T4L Learning Library, which demonstrated
how users should wear the headset, adjust the strap,
and use controllers.

Behavioural and cognitive engagement was clearly
visible through prolonged moments of silence and
focus on the videos, as well as students’ responses to
teachers' comprehension questions such as:

Teacher: “Why do you not enter the VR working
area?”

Students: “Because the person [wearing headset]
won't be able to see you."
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Following the tutorial videos, students had their
firstattemptatthe VR kitsetupinthe photography
studio. Taking turns, they put on the headset and
explored the Tilt Brush program to start with.

Occasionally, the teacher took control to explain
various functionalities of the software applications
or the IVR equipment:

Teacher: “This controller brings up the panel, and
this one acts like a laser pointer so you can choose
things”.

Technology caused occasional hiccups as students
continued to explore the equipment. For instance,
the cord that went from headset to the PC kept

disconnecting. However, problem-solving skills
aided the students. In this instance, one student
held the cord and others taped it up to fix the
connection issue. Students collectively managed
to find solutions to such technical issues and
everyone got the opportunity to try the equipment.

Collaborating to generate ideas

Once students were familiarised with the equipment,
it was time to come up with ideas and begin
planning. Breaking into five groups of four to five
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participants, students were asked to collaborate with
peers that had similar project ideas. Teachers' tips
such as “be realistic about what you want to do” and
“find likeminded people and make a group”, helped
students’ navigate through this stage.

As shown in the picture below, the small group
discussions were highly interactive. The students
would walk to different groups and discuss their ideas
with passion, humour and openness. The classroom
atmosphere was busy and charged with enthusiasm,
confidence and a willingness to share and learn.

To help students brainstorm, teachers shared IVR
projects produced by other schools, and introduced
likely possibilities such as creating interactive spaces
or games, or designing tools to provide assistance
or improve skills. However, given that the art
Masterclass had a project-based learning approach
and researching and exploring were key components
of the course, first few sessions were largely about
exploring ideas. Students also had the opportunity
to look at digital artworks created by other artists for
inspiration.

Once the ideas began to evolve, students were
given a project proposal form with instructions to
fill in the details of their proposed plan including:
the equipment and materials needed, safety
considerations they had to take into account,
potential challenges that could arise at different
stages, the kind of environment or setting they
wanted to create, and the duration of the proposed
project. Providing such level of detail created
abundant opportunities for discussions, crystallised
students’ thoughts, understanding, and passion
around technology, and gave them the confidence
to express their creativity freely. Pictures below show
two groups of students brainstorming and pitching
ideas with passion and confidence.
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During discussions of project proposals, collaboration
dominated, with some students demonstrating
leadership skills or taking initiatives (e.g., “I'll make
a new document for us”). Snippets of dialogue also

indicated entry-level vocabularies (e.g. “virtual’,
“‘game”, “experience”), which soon led to higher-
order thinking when considering design parameters
and functionalities. For instance, in a group of five
who were planning to create ‘an underwater panic
room with obstacles, set in Atlantis’, attention to
detail and critical thinking were abundantly clear.
Also, brief moments of problem-solving occurred as
they started to consider issues with the environment
or content they wanted to create. Examples below
were extracted from students’ discussions on the
panic room:

¢ “There has to be a time limit on it”

e “How are you going to develop something
underwater?”

e “Why would you be stuck there [panic room] in
the first place?”
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“Will we need the headsets?”
* “What if you tame the shark?”

e “There should be clues or hidden messages — it'll
be an educational question. The next clue will be,
like, the habitat of a whale... It'll be educational
but fun”.

Working on a shared goal

Project proposals discussed by students were all
fascinating, yet the teachers’ plan was to choose only
one proposal and get all students complete a project
as one class. After much discussion and consideration,
the final decision was to create a “Relaxation House".
The idea was to create a house that offered a range of
activities including meditation, cool down exercises,
slow dance, singing, and digital drawings. By
participating in these activities, the user could both
enjoy a virtual experience and relax. But how were
students supposed to design the activities? First, they
needed to learn about programs available in IVR like
Situ360 and Minecraft that could help them create
immersive and interactive experiences. By watching
the tutorials and exploring the functionalities of each
tool, they began to comprehend the possibilities
available to them and how they could harness the
technology for creating an immersive art project.

Once they obtained some level of understanding
of what lay ahead, it was time to outline a detailed
project timeline and assign roles to each team
member. In order to do so, the teachers, working as
facilitators alongside students, provided scaffolding
guestions, requiring each group to complete tasks
in two parts. In Part 1, each group defined their
weekly goals, and wrote a follow-up reflection on the
outcomes they had achieved in each session. In Part
2,they allocated jobs to each member based on their
strengths and interests. The examples provided in
the tables below, were taken from work samples of
two groups:

Part 1. Complete a detailed project timeline to
determine how long this project might take to
complete. Think about everything that needs to be
done. Be sure to add time for testing and editing the
project.
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Term/Week Lesson Goals Lesson Reflection
What did you achieve in this lesson?) Were

there any challenges?

Term 31, Week 1 Group 1: Our goal this lesson is to Group 1: We learnt how to operate
create accounts for Situ360 and Tilt

Brush. We will start watching tutorials  sjty360 and Tilt Brush. We got more familiar
and test out the programs. with these programs.

We will also create a timeline and
share our team member strengths/
jobs they will suit for this project.

Term 3, Week 3 Group 2: Our goal this lesson isto start ~ N/A
filming and to start gathering scenes
and just general footage (audio, video
and pictures).

Table 2: Lesson goals and reflection

Part 2: Indicate jobs for each team member to manage project workload. How should we distribute the
workload? Who will do what part of the project? What are the strengths of our team members? (Are they
good at painting, drawing, filming, video editing etc.).

Team member What strengths do they | What job will they suit?
name

(Photographs, Filming, Creating tuwtorials for
activities, painting/drawing scenes etc).

Sarah All She can do all, however, there will always be a
preference.

Kim Filming, Photography Filming, Photographs

Sofia Drawing and Painting Drawing and Painting

Kate Drawing and Signing

Table 3: Task allocation

The five groups completed the above two assignments; each setting goals for their group and outlining
what each member was expected to do. Some groups, as shown in the work sample below, demonstrated
advanced project management skills and an understanding of the changing dynamics of teamwork that
required them to be flexible, “should there be any problems”:

IVR as a tool to
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Work sample (Group 1)

“Kim will film and take photographs. That part of the
workload will be managed by her, and she will be
expected to contribute to those topics and complete
that work. If her work becomes unmanageable,
she can negotiate with Sarah to help her with the
work. Sofia will manage the drawing and painting
work. However, she will work alongside Kate when
it comes to drawing - all work between them will
be shared and they are expected to complete and
contribute to that work in an effective, smooth and
accepting manner...

ALL the roles and responsibilities can be changed
and will be changed, should there be any problems.
Before changes, the teachers and/or mentors of this
project will be notified and consulted with”.

After collecting each group’s timeline and role
allocation forms, the teachers reviewed each
submission, proposed a timeline, and assigned
tasks to each team member based on their qualities
and interests. Once each student's roles and
responsibilities had been understood and agreed
upon, it was time to get the ball rolling.

The art Masterclass in full swing. Data
from second classroom observation

To get the project off the ground, the teachers
provided each group with specific activities. Each
week, the five groups collaborated tirelessly on their
assigned tasks and moved one step closer to the
final goal. The following section describes the first
sets of tasks assigned to the five groups. The pictures
included were taken during the second classroom
observation in Term 3, and they vividly portray the
initial steps on the way to creating a 360° model of
the Relaxation House.

Group 1 - Drawing Scenes for VR Project

Group 1 was in charge of sketching images of the
rooms that would indicate the virtual spaces in the
VR project. Students in this group started off with
brainstorming ideas about the furniture and details
of each virtual space, as per the instruction below:

4 In Week 9, Term 1the Masterclass took a pause due to COVID-19
restrictions. Towards the end of Term 2, the class restarted, however, the
first two weeks were spent on reviewing and recapping knowledge from
Term 1.
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1. Brainstorm what decorations, furniture, details,
features you would like to include in each room.
The activities for VR project includes:

¢ Qutdoor garden for Tai Chi

e Stage or music room for singing activity

e Garden, beach or mountains for meditation
e Library scene to read a book on Self-care tips
2. Draw each scene in as much detail as possible

and colour it in (this will help us to draw it on VR
Tilt Brush program).

Pictures below show the detailed sketches made
by Group 1. As the activities were set in four specific
settings (e.g. garden, stage/music room, etc.), Group 1
had to come up with ideas for four different sketches
for the VR space. Students who participated in this
activity were able to transform their enthusiasm,
artistic imagination, and exciting ideas into striking
images.

While working separately on their drawings, they
exchanged ideas consistently and gave each other
feedback.

| LR ™
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Group 2 - Storyboard

Using a storyboard template, Group 2 were instructed to create the screens that the user would see and
interact with inside the virtual space, as explained below.

1. You have to map out the VR user experience. Write down the steps of how the user will navigate in the
project we will create.

2. Think about what prompts and icons will be available to them and once a user clicks on them, what
screen will they see? Draw exactly what the experience will be like on the storyboard template provided.
For example:

* User sees the dashboard with options to select a range of activities in each of the rooms.

e User selects Room 1 (For example meditation room). (lcon/Button image references). User can click
on the home button and it will take them to back to the dashboard. User can click on the video
icon to play a mediation tutorial. Text can appear to guide user to click on links.

Icons can appear, text can appear in each scene. (Think about the hyperlinks and what page will they take us to).

To map out the user experience, Group 2 had to come up with a dashboard displaying the rooms and their
activities. In order to do that, they needed to consider issues like: what the home screen would look like, what
hyperlinks were needed to connect users to different spaces, how users could go back to the home screen,
what users would see in each room, etc. Below is an excerpt of the storyboard template produced by Group 2.
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Group 3 - Explore Situ360 and create a
sample project

Although students were briefly familiarised with
Situ360, commonly referred to as Situ, during the first
few lessons, it was time to sign up, create a sample
project, and delve more deeply into its functionalities.
To do so, Group 3 were asked to do the following:

Task explanation:

1. This lesson you have to log in to Situ360 or
sign up using this link:

https.//app.situ360.com/organisation/1379/
signup?uuid=9f5836de-aail9-5154-ba54-
5207480eab66

. Click on ‘How To’ videos and watch tutorials
to help you understand the features and
process of building a project on this program.

https:/situ360.com/index.php/tutorials

. Create a sample project and include a few
features from the program like adding
a photo/video, adding a link, creating
hyperlinks and adding text. You can use the
sample videos and 360 images available in
Situ360.

We can open this sample project in VR and
experience it. We will use this program to build
our project.

As the picture below shows, this activity was largely
exploratory, with students trying to figure out initial
logins for Situ or where content had been saved
on their laptop; indicating an early foray into Situ.
Students’ interest in the activity was clearly evident,
manifestedin periodsofsilence andfocused attention
when watching Situ tutorials. Visible indications of
their determined attempt to complete the activity
included use of trial and error in the selection of
images and scenes from Situ, and collaboration (e.g.
‘How did you get to this tab?' said one student to
the other who was ahead of expectations in terms
of understanding hyperlinks and other functions of
Situ). When the teacher asked if they would be able
to use links and other Situ content in future lessons,
their response was very positive. Their learning
achievement was noticed and recognised by their
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teacher when she assessed their class work on
some of the more intermediate and sophisticated
functions of Situ, as she commented: “you’ve worked
through this quicker than we thought”.

Group 4 - Using 360° cameras

The task assigned to Group 4 was using 360°
cameras to take photos from a space in school.
Students were asked to refer to the how-to tutorials
in order to confidently work with the 360° cameras,
as instructed below:

Task explanation:

1. This lesson you will be using 360° cameras
from the VR kit. The ‘How To Use' tutorial is

https://iwww.youtube.com/watch?v=PF-
fosDcY8w

. Your group will take one camera from the kit
and a tripod to capture a space in school.

. You will be able to use Situ360 and open
your videos/images on this program to
experience with VR headsets.

The experience of working with 360° cameras
was filled with excitement and challenge, where
complexities and wonder gave way to critical
thinking, problem-solving, and collaboration.
Two students, as in the picture below, appearing
confident and animated when discussing functions
of the 360° camera, encountered challenges
including how to connect the 360° cameras with
the iPhone or how to save pictures and videos. But it
was not long before they figured it out and headed
outside to test the equipment.


https://www.youtube.com/watch?v=PF-fosDcY8w
https://www.youtube.com/watch?v=PF-fosDcY8w
https://app.situ360.com/organisation/1379/signup?uuid=9f5836de-aa19-5154-ba54-5207480eab66
https://app.situ360.com/organisation/1379/signup?uuid=9f5836de-aa19-5154-ba54-5207480eab66
https://app.situ360.com/organisation/1379/signup?uuid=9f5836de-aa19-5154-ba54-5207480eab66
https://situ360.com/index.php/tutorials

Group 5 - Learning Tilt Brush

Another program that students needed to learn and
use in their design was Tilt Brush. So, Group 5's role
entailed watching the tutorials and having a hands-
on experience by creating a sample project in Tilt
Brush, as explained below:

Task explanation:

1. This lesson you will start by watching
tutorials for Tilt Brush and learn the features
of the program. Link for tutorials:

https://www,youtube.com/t?list=PLjhgRrifo
mjOpHArXVQrvKRWVIirVtEIPz

. You will log into the VR kit and in a seated
mode you will have a chance to create a
sample space using VR tools. You will be
able to access Google Poly to import graphic
objects into your space like a chair, toy, table,
window etc. or ready made artworks/scenes.

https.//poly.google.com/

. There is an option to capture a snapshot of
your artwork on Tilt Brush, make sure you do
this and capture a video of the artwork too.
Students working with Situ360 will be able
to use these images and videos to start to
build our VR project.

Navigating the controller and finding the right
functionalities posed a challenge, initially. The
students in the two pictures below, were stuck and
unable to apply the controller to perform specific
functions. They discussed the issue with the teacher,
but even the tips they received were not to their
satisfaction. Seeing students unhappy with the
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outcome, the teacher suggested: “we will find that
part in the tutorial that explains about this bit”.
Yet, these students were determined to find an
answer on their own and hence kept on exploring.
A few minutes into their trial and error process, they
managed to find the right solution, which was well
appreciated by the teacher: “Yay, looks very nice, am
impressed. So glad you found out how to do it”.

Once students became more confident in using the
controller, the teacher posed new questions, stirring
up their intellectual curiosity and interest: “/ wonder
how to close these small windows?” “How do we
pin/unpin something?” The questions motivated
students to continually problem-solve and venture
on trying new ideas.

WWWWWWWWW


https://www.youtube.com/playlist?list=PLjhgRr1fomjOpHdrXVQrvKRWV1rVtEIPz
https://www.youtube.com/playlist?list=PLjhgRr1fomjOpHdrXVQrvKRWV1rVtEIPz
https://poly.google.com/

Classroom observations of students’ first hands-
on experiences with the IVR equipment provided
the chance to see beyond their initial challenges or
excitementtoempirically evaluate theirengagement
with every step owf their learning process and draw
conclusions from their actions and reactions. We
found no student complaining or making half-
hearted attempts at the activities. On the contrary,
high level of engagement and enthusiasm for
learning and discovering, facilitated through
teamwork, problem solving and resilience, were
noticed throughout the entire period. Behavioural
patterns that emerged from the five groups were, to
a great extent, similar, with students taking hesitant
small stepsinto the unknown world of IVR equipment
and software programs. But once their confidence
rose and they developed some understanding of
the “unknown”, they did not hesitate to take control
and explore possibilities on their own. Furthermore,
high frequency of on-task behaviour, close attention
to instructions, sustained interest and persistence
in completing the tasks, and their personal and
collective achievements were all indicative of their
genuine interest and passion for advancing their
understanding of art using the IVR kit.

Of note is the role of the teachers, who although
tended to take a back seat and let students take
ownership of their own projects, they did not hesitate
to offer tips and feedback, or provide encouragement
and compliment, especially when students had
achieved some success. They would often explicitly
articulate how “impressed” they were with the level
of exploration and understanding that students had
demonstrated. Dweck (2006) believes what teachers
tell students about their abilities or what they can
do influence their subsequent achievement or
persistence. Our observation echoed this argument
where we found that teachers’ encouraging feedback
further inspired creativity and instilled a sense of
confidence, as the students expressed in their final
interview.

Achievements and artwork

The two weeks following the second classroom
observation were spent on similar activities
as described above. Although students were
instructed to continue to collaborate with their team
members, they were also encouraged to reach out
to other groups and learn about their progress and
achievements. During this time, they continued to
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explore Google Tilt brush, took 360° photos to later
upload them on to Situ360, learned more about the
functionalities of Situ360, and completed sketching
images of the scenes of the different VR spaces in
the Relaxation House

Around Week 5, Term 3, in accordance with the NSW
Department of Education COVID-19 instructions that
restricted the gathering of different cohorts in one
space at the same time, the Masterclass teachers
regrouped students based on their year groups, and
assigned new tasks. Teachers' notes on students’
progress indicated that students worked seamlessly
on the Relaxation House project and continued
developing new skills. For instance, Years 7 and 8
used graphics tablet, as in the pictures below, to
develop their skill in digital drawing as they sketched
scenes for the VR environment. They also used
Photoshop to edit 360° photos, and made necessary
improvisations for final images.
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The Year 9 group created a sample virtual reality
project on Situ360 followed by testing the viewing
experience in the VR environment. Year 10 students
continued working in Google Sketch up to build a 3D
section of the Relaxation House with different rooms
to import and view in VR. The picture below shows
the initial 3D dashboard of the House.

B SketchUp

Once they completed the dashboard, they added
tutorial links for activities in the Relaxation House
including singing and Tai Chi to enable users to learn
more about them. To enrich the VR experience, they
used or manipulated copyright-free audio to play as
background and theme music. The picture below,
digitally edited and completed on Photoshop, is the
draft version of the dashboard, portraying what the
home screen looked like eventually.
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The two pictures below are the Meditation Space and
the Singing Stage Scene both edited on Procreate
by the students. These work samples were shared by
the teachers.

As Term 3 started to approach its end, there were only
a few final tasks to complete including combining
footage using appropriate programs and connecting
tutorials in virtual spaces with hyperlinks to start an
activity. With all those steps done, the last job was to
test the VR project and make edits and adjustments.

The art Masterclass: End of the journey

Early in Term 4, 2020, the art Masterclass came to a
successful conclusion. To celebrate this remarkable
achievement,theclassofferedatrialoftheir Relaxation
House project, along with a poster presentation,
where students showcased their amazing journey
with the IVR kit. Using a combination of texts,
drawings, and pictures, students depicted 12 stages
that they completed to design their IVR art project,
as shown below.
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The presentation was held during lunch time and students from all year groups, teachers and the principal
attended the event and tried using the Relaxation House. To evaluate users’ experience with their IVR art

project, the students created a short questionnaire, provided below, which was distributed amongst all
participants.

User Experience Survey 3. What experience did you choose?
1. Are you a student or a teacher? a. Meditation Room

a. Student b. Singing Room

b. Teacher c. Tai Chi Garden

d. Library (self-care)
2. What age group are you in?

4. What was it like? (Based on Question 2)
a. AgeT11-12

b. Age 13-14 5. How could we improve our VR experience?

c. Agel>-l6 6. Would you recommend this experience to

d. Age 17+ anyone else?

a. Yes b. No

16 participants filled out the user experience questionnaire where they all recommended the IVR experience
to others. Based on the responses, it appeared that everyone who had tried the Relaxation House had really

enjoyed the experience as the comments they wrote were all favourable, describing the House as “relaxing”,
“cool”",“calming”,and “out of earth”. Afew respondents had also given suggestions to improve the IVR artwork
such as adding a game element to it or including more activities, features, options, or rooms. The picture
below was taken from the Masterclass participants who attended the poster presentation day.
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Students' reflection on their journey
with the IVR kit: Data from final
focus group interview

As mentioned earlier in this report, a final focus
group interview was conducted with a number of
the Masterclass participants. The focus group was
scheduled for the day students had their IVR project
ondisplay (Week 7, Term 4), so that the research team
had the opportunity to try the Relaxation House
project, and ask questions about the experience in
the interview. To capture the diversity of views on the
Masterclass experience, no screening requirements
were imposed on participation, which meant even
students who had not participated in the first
interview (held in Term 1) could join. As such, a total
of nine students, most of whom were not present
in the first interview, came together to share their
experiences, and reflect on their learning journey
with the IVR kit.

All participants eagerly contributed to the discussion,
conveying their immense satisfaction with the
Masterclass and a sense of accomplishment that
the stem.T4L kit had promoted. Their passionate
engagement in the discussion lasted throughout the
45-minute interview. Evidently, this “engagement”
was not unique to the discussion, rather it was the
runningfeature ofthe Masterclass,astheinterviewees
pointed out. In other words, when asked about the
general atmosphere sensed in the Masterclass, all
participants agreed that engagement in learning
and high excitement were always palpable in the
room. This theme along with other topics discussed
inthe interview will be explored and discussed below.

| could feel a kind of keen air of excitement

The day leading up to the Masterclass was filled
with excitement. This was a sentiment voiced by
all interview participants like Sofia who provided a
vivid description of Tuesday mornings, when the
Masterclass was on, to express a genuine enthusiasm
she and her friend had felt for the course:

Sofia: “In the morning, every time Jess and | came
to school, Jess was like, ‘Oh my gosh Masterclass’,
and I was like, ‘Yay’. And then —especially at the end
of the day, when all of us were really tired and we
just wanted a new escape to a new world -we got to
experience that with virtual reality.”
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Whether it was the “laid-back” and “supportive
environment” of the art Masterclass, or “a new escape
to a new world", or even the opportunity to learn
about something they aspired to do in the future, it
seemed “everyone was just so happy” and “a little bit
more excited”,orasNorasaid,“intheirelement”,when
working with the IVR kit. This excitement for learning
had manifested itself in a sustained engagement in
the learning activities, which sometimes had even
made these students stay back at school, engaging
with their peers and collaborating on tasks, as Ann
explained:

Ann: “l remember most of the weeks, we would stay
a bit past what we're supposed to. Because we got
really engaged in the activity we were doing.”

Such active engagement in the learning, according
tothe participants, was attributed to the way in which
IVR tapped into multiple sensory sources (e.g. visual,
auditory) to offer a multimodal learning experience.
For instance, Elena compared learning through
IVR with conventional teacher-centred learning,
where a teacher would just “talk” to the learner. She
argued that because they received “lot more sensory
information” in the virtual reality environment,
“everything was definitely more engaging”. Isla
voiced the same opinion and considered the course
“more engaging” as it was “a full day of verbal and
visual learning”. Interestingly, several researchers
who have explored learning facilitated through IVR
have arrived at similar conclusions. They confirm
that the multisensory and interactive nature of the
IVR environment promotes user engagement and
presence (e.g. Faiola, Newlon, Pfaff, & Smyslova,
2013), as observed by the focus group participants
abundantly in their classroom.

In addition to a higher level of engagement, students
had gained many lasting benefits and informal
learnings from their IVR experience. The learning
gains were so tangible and impressive that the
participants were not able to converse about their
Masterclass without alluding to or remembering
a teachable moment. In fact, their takeaways from
the IVR experience dominated the conversation
and overshadowed any other discussion topics, as
described in more detail below.
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Working asagroup:Learning tobe adaptable
and flexible

Being a school-wide program, the art Masterclass
had brought together students from different year
groups, ages, backgrounds, and abilities, giving
students a golden opportunity to closely interact,
collaborate, and learn while working on a shared
goal. It was, therefore, not surprising to learn that
students had grown significantly more cognisant
and respectful of differing views, opinions, and
subjectivities arising from the group activities. Some
of the interviewees like Aria and Kate explained they
had come to realise “we’re a lot of people” with “very
different talents”, but “in the end we're just one big
team’”. So, the key was to tap into each person’s ideas
and talents “to create one final project”:

Kate: “The biggest takeaway was the fact that we're
all really different people, and we're a lot of people,
but in the end we're just one big team, we're going
to do all of this together”.

Aria: “People have very different talents. Some
people are good at art, while others are good at
things like maths. So, | learnt how to use all of those
ideas to create one final project. Because if we can
use everyone’s talents and make everyone happy,
while simultaneously making something awesome,
then it's like an enjoyable experience for everyone
and the product - the end result, the outcome - is
also really good”.

Closely linked to the notion of mutual respect and
recognition highlighted in the accounts above,
was an understanding that teamwork required a
considerable degree of flexibility. As mentioned
earlier, the students were initially instructed to
form five groups based on their shared interests
and likes. However later in Term 3, they were
regrouped according to their year levels to comply
with the COVID-19 restriction guidelines. Moving
between groups, however, was not a setback for the
participants, as they told us in the interview, rather,
an opportunity to exercise flexibility and adaptability
to abrupt and unanticipated changes that might
occur in a work environment like their project group.
The interviewees told us about their experiences
of how they had managed to positively react to a
sudden shift in their role, and how that had made
them more adaptable and understanding of the
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essence of teamwork, as described in the following
examples:

Valentina: “So we basically learnt how to move from
different jobs smoothly and take over what other
people had left behind really well. We also learnt to
be more flexible in what we do”.

Nora: “I moved around a lot between all of the
different parts of the project. So, | wasn't really
stationed at one technology, or job. So, for me, it
was really rewarding to work with and guide other
people”.

Hannah: “/ did move around a lot too, and I tried a lot
of different things. Some | never even tried. Some |
did. And working with different people in different
grades, was really interesting as well”.

Ann: “We were very flexible, very adaptable, just
very accepting of everyone, their backgrounds, their
stories, their limits, and their elements like the thing
that they’re good at. So, | think my biggest takeaway
was how to accept all of that and just move on, like
no matter what life throws at you, you can just keep
on doing it".

Isla: “When you get new experiences — you end up
creating new connections between all those neurons
in your brain. So, in the end, | feel we learnt more
things, but we also learnt how to be really adaptable
and creative and more putting ourselves into other
people’s shoes” (sic).

Reappraisal of what art is and how it can
be created

Using IVR as a tool to create art was undoubtedly a
unigque experience that created a profound impact
on the way students viewed, appreciated, and
presented art. Unlike their previous experiences,
where they “mainly just painted”, this year with the
IVR they got to have “a whole 360° experience”, that
“appealed to more than just one sense”. The IVR had
opened up new horizons, leading to a realisation
that art was not just “on a piece of paper”, but “a
very broad sort of subject”, with “so many ways of
doing”. Such new conceptualisations of art resulted
in implementation of new approaches by students,
which clearly took their creativity to a whole new
level, as demonstrated by Nora's waterfall example
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below. The following excerpts from the students’
focus group interview portray their newly developed
understanding of what art entailed and the various
possibilities that they had discovered for creating art.

Isla: “I think because it's VR, so it’s like sort of a
whole 360° experience. So, there wasn't just like the
physical sort of aspect of doing the art, it was also
like sound and visual, and it appealed to more than
just one sense”.

Aria: “l think when people think about art, they think
about a painting on a canvas, or maybe sometimes
music. But | realised that art can - art is also like
a very broad sort of subject. It can also be related
to technology. It can also be something to do with
coding. Art is like not just someone having a brush,
painting something. And it's not just someone
singing. It's like something really abstract”.

Elena: “It showed a new way of art because instead
of paper, being digital it expands the entire idea of
art itself”.

Valentina: “Last year what we did in Masterclass,
we mainly just painted and everything. But then
this year we made art digitally. And that was a
really great experience because it was really easy,
especially with — it was just like drawing in the air.
And that was really fun’.

Nora: “We had this scene where we had to take a
waterfall picture, and what we did is that we put
the 360° camera on the ground on the stand, and
then we dropped the water from behind. And then
after that we just added a little more water. We tried
to create a waterfall in a space that was just some
bush”.

Kate: “I guess it's a different presentation of art. You
just think of art as just on a piece of paper. It's 2D.
You can’t move around. But when it's 3D and all
around you, you kind of realise how art has changed
over time, how we change our perception and our
presentation of art. And it's just kind of amazing
how it influences art”.

Sofia: “It's definitely expanded our horizons about
what we can do, even with traditional art. The way
you're painting, the style, how we engage with the
senses”.
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Hannah, agreeing with what others had said, brought
a valuable extra dimension to the discussion. Clearly,
working collaboratively on the Relaxation House
project for almost four terms had familiarised her
with the ins and outs of undertaking a creative
project, making her realise the considerable effort
that artists put in. Acknowledging the time and effort
they spend on a piece of art, she called for greater
appreciation for their work:

Hannah: “I noticed how much time and effort
actually went in to making one project, even if it’s
small. Like normally if we're assessing or looking at
something that someone else made, on the internet
or anything, we just look at it very subjectively as if
it’s interesting or not. And if it's not that interesting
we just don't really give it much thought. But then
| think we should because they probably put their
time and effort into that, and they need a lot more
appreciation”.

There is much more to technology: A boost
in confidence

The baseline data had previously indicated that the
Masterclass participants were fairly familiar with the
VR equipment. Obviously, their extensive hands-on
experience gained recently through using the IVR
kit had shed further light on its affordances and
the endless possibilities that technology, in general,
could open up. Although “a bit overwhelmed”, as Isla
said, they were all in awe of how much everything
including “learning”, “communication”, “mental
and physical state”, along with art was enhanced by
technology:

Isla: “Y'm a bit overwhelmed by how much there is
and how much you might be able to learn”.

Valentina: “I learnt that there’s much more to
technology... In the start of Year 6, we went to a
university as well. But | wasn't that familiar with it,
and I was like, “No, I don’t think this is going to be fun,
like all you do is just get in a headset and just play
games”, and | didn’t think it was that interesting.
But when | joined Masterclass | really learnt that you
should try stuff out”.

Elena: “I wasn't very exposed to the VR world. | mean
| knew about it, but | didn't really know how it could
help. And how technology could help us learn and
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go into different careers. And VR can really help our
mental state and physical state too”.

Kate: “It's a bit scary to see how quickly technology
evolves. Because in the future, VR could be such a
common thing”.

Nora: “It's the idea that technology is continuing to
evolve and grow, and it's becoming a major thing in
a lot of people’s lives. And with that, it also expands
our knowledge as we learn new ways of doing
new things. So, not only art, but also learning and
communicating with friends. It makes a new outlet
for that”.

Ann: “I realised that it's not just Google or all these
other things that you know, everyone knows what
to do, technology’s bigger, and there’s more things
toit”.

The direct impact of a year-long exploration of the
stem.T4L IVR tool was felt most keenly on students’
confidence in their abilities to use technology.
The interviewees all acknowledged that they had
received an extra boost in their tech confidence. As
Aria suggested, the higher confidence was the result
of “learning a new way”", and putting into practice
skills they already had but they never had the
chance to implement. With that confidence and self-
assurance, Elena, for instance, was “ready to answer”
any question related to VR:

Elena: “Igotocoding class in java script or something
like that. But when they ask a VR question, I'm like,
“OK, yeah, I'm ready to answer that. | know stuff
about it. I've done it for four terms” and yeah, so |
know the background information and I'm pretty
good at it”.

Nora: “I wasn't exactly confident with technology at
the start. But | do think virtual reality has helped me
be a little bit more confident with it”".

Aria: “It's boosted my confidence. I've had experience
with technology before, but learning a new way of
implementing these skills, | feel like it’s made me feel
more confident in using technology, and enjoy it a
lot more as well”.

Kate, confirming she had also experienced a surge

in her confidence, considered “practice” and
g IVR as a tool to
Stemﬂ&. create digital art

“determination” key to maintaining that sense of
confidence, she said:

Kate: “I think it definitely boosted my confidence. |
wasn’t that confident at the start. But like coming
every single week, showing that determination, and
then that dedication, and then practising and using
those cameras, the programmes, and even at home
maybe like using some of the new techniques with
those programmes, that really helped as well”.

Interestingly, it appeared that the teachers were
another source of confidence for the students;
their knowledge and expertise, moral and technical
support, problem-solving approach, and can-
do attitude had adequately equipped students
to confidently address the hurdles as they arose.
Equally important was the ‘guide on the side’
approach they had adopted; meaning instead of a
top-down, didactic ‘teaching to the students’ style,
the teachers were there to provide guidance and
scaffolding. In addition, their willingness to learn
alongside students was a source of inspiration and
motivation for the Masterclass students. The teachers
broke down power dynamics in the classroom and
promoted collaboration by letting their students
know that they did not have answers to all questions
but were willing to work together to find them, as
suggested by Kate:

Isla: “I feel like the teachers were also there to boost
our confidence, ‘coz we could go to them because
they were really experienced with this whole thing.
They just like clicked all these buttons and we were
Jjust like “Whoa”. They knew everything, and | feel
they’re really amazing as well.”

Kate: “For example, if you're visiting Microsoft Word
after a long time, and you don’t know how to create
a textbox, you have to ask someone and they're like,
“Oh my God you don’t know how to create a textbox”.
So that makes me feel a little bit less smart. But
then the teachers they didn’t do that. They were like,
“Oh it’s fine. | don’t know how to do that either, but |
think this is how you do it”.

The introduction of IVR has expanded the
types of jobs | want to apply for

We cannot say with certainty that the focus group
participants would reconsider their future careers
to pursue a STEM related field after their experience
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with IVR technology, especially because some of the
participants were still undecided about their future
path. However, what came out of the data loud and
clear was that they all had more awareness of how
different career pathways can benefit from IVR, and
how technology, in general, and IVR, in particular,
can transform and advance any field of study. The
growing awareness of the significance of technology
coupled with the confidence, generated by hands-
on experience of using IVR, opened up new horizons
for students. For instance, Hannah explained how
the “new experiences and ideas” that IVR had given
her, “expanded” her career options. Similarly, for
Kate and Ann, increased confidence in their ability
to navigate the digital world and knowing “how to
use it [technology] now”, had sparked an interest in
technology fields, where a career in this space had
“become a very possible future”.

Hannah: “My choices in jobs have changed a lot over
the last few years. But it's always been something
that either helps people, or incorporates technology
as it becomes more dominant. And | feel like the
introduction of IVR has also expanded the types of
jobs | want to apply to, because it's given me new
experiences and ideas”.

Kate: “I don’t know what my career is going to be
when | grow up. | have a small view of what | want
to become, but | know that if that doesn’t work out
then there'’s always something technology related,
or VR, that | can join, because | have some experience
with it”.

Ann: “IVR has become a very possible future for me,
especially with the experience, ‘coz | know how to use
it now (sic). I'm starting to think of the possibilities
and how far | can take it into the world, and how |
can share this experience with other people”.

There were other students like Valentina who were
fairly certain about their future career path; she
wanted “to become a psychologist or a psychiatrist”.
For her, the insight gained though working with the
IVR tool was particularly illuminating, as the idea of
using IVR for people that have “stage fright” or “a
phobia” had sparked in her mind.

Valentina: “I want to become a psychologist or a
psychiatrist in the future. But | realise that virtual
reality could really help people. Like dealing with
stage fright or when someone’s really antisocial or
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maybe someone has a phobia of something, maybe
it could be helped using virtual reality. Because it's
like something’s not really there, but because you're
seeing it and you're hearing it, and in some cases,
you're almost feeling it, it seems really realistic”.

It's a matter of opportunity: Technology is
not gender specific

One of the issues that we explored in our first
interview with students, early in March, was their
perception towards negative stereotypes about
women's abilities and representation in STEM. As
explained in the earlier sections of this report, the
participants in the first interview were collectively
against any gender stereotypes prevailing in public
discourse, rather, they considered resilience, interest,
and passionasthedriving forces.Inthefinalinterview,
we revisited this topic and received a similar reaction
and response. Nora, for instance, drawing upon her
recent observation of both male and female teachers
trying out their project, pointed out that technology
would appeal to “everyone and anyone”, “regardless
of their gender”. Hannah, agreed and added that
having the “opportunity” to learn is what makes all
the difference; once given the opportunity, everyone
“will learn™:

Nora: “I feel like it's similar, because even our male
teachers came and actually tried out the VR headset,
and they had the same enjoyable experience as
the female teachers. So, | feel like technology is
something that everyone and anyone can use,
regardless of their gender, age or anything”.

Hannah: “It's a matter of opportunity, because if
you give someone a headset, they'll learn”. It's not
anything so fancy that can be gender specific. You
just need the opportunity to try it out, play around
with it and think about whether you like it, what you
can do with it”.

Although gender was not a predictor of interest or
innate abilities in technology, as some students
argued, it could shape the learning dynamics in
a classroom setting, according to a few others. For
instance, for someone like Kate, learning was more
effective in a “comfortable” girls-only environment.
Kate went on to establish a link between effective
learning and comfortable “surroundings”, where the
former, she argued, was contingent upon the latter.
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For Ann, on the other hand, collaborating with an
opposite gender and learning through sharing “ideas
and thoughts”, could be as advantageous as learning
in a girls-only school:

Ann: “I feel like it would also be a good experience to
work on a project with a different gender. Like you
get to know other people, and also how they think.
Because sometimes girls can learn faster than boys,
and some boys learn faster that girls. So, then we
can share ideas and thoughts with each other”.

Kate: “I think ‘coz all of us were girls, we were
more comfortable as well using it (sic). So, that's a
positive, because if you're not comfortable in your
surroundings, you wouldn’t really learn effectively
and that actually made it really a good thing for me
especially”.

As the examples above suggest, there was no
indication that working with IVR had significantly
altered girls’ perceptions of what they could or could
not do compared to boys. Rather, their new-found
understanding of the affordances of technology and
their enhanced competence to use IVR had fostered
deeper motivation and appreciation for learning,
especially for creating digital art.

Challenges and insights

The last portion of the discussion centred on the
challenges that students had confronted over
the course of the project. We anticipated that the
students would specifically focus on difficulties
or hurdles they faced in using the equipment. To
our surprise, the only challenges they discussed
centred around interruptions caused by COVID-19
restrictions; in that, they had to relearn a few things
after they had resumed their Masterclass, or they
needed to work around the restrictions introduced
on group work, as Kate and Sofia explained:

Kate: “COVID was a big deal. | mean we had to halt
everything in about Term 2 because of this whole
COVID thing, and we forgot a few things, or we had
to relearn them when we came back. And it was just
kind of a tough thing to work around... It was just a
hard experience, but we learned from it”.

Sofia: “Yeah, because of the COVID restrictions also
different year groups had to be separated, so that
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was one of the difficulties we had. But still we did
share and we did worked together really well” (sic).

Apart from issues caused by the pandemic, Aria
pointed out that Wi-Fi connectivity was a setback at
times:

Aria: “We had trouble with the Wi-Fi sometimes, and
it really took most of our time, — we were actually
going to test it [IVR kit] but then it said, “Internet
is not available” So, then we tried to add in the
internet cables and everything, but then that didn't
work. So, | think at least three of our lessons we had
to spend on that”.

Listening eagerly to the conversation, Ms Gifford
chipped in with a comment that shed further light
on the conversation. She pointed out that although
stem.T4Ll's how-to videos and instructions were
all “explicit” and helpful, the students’ “proactive”
approach to access the videos and find answers
when they were uncertain and overwhelmed was
noteworthy:

Ms Gifford: “So stem.T4L made it quite easy for us to
use this equipment, because it was overwhelming,
and you're like “How do | connect all this, and
how do | use it". But their videos had really explicit
instructions and that helped us pick up everything
really quickly. But | have to say though, the girls were
really proactive in just going in and accessing these
videos, and learning it in their own time, to make
sure they understand how to use the equipment”.

So, based on Ms Gifford's comment, it became clear
that COVID-19 and occasional Wi-Fi issues were
not the only obstacles for the students. However,
the problem-solving approach they had adopted,
manifested in their use of videos and instructions
as a go-to source, was instrumental in removing
complications and getting things back on track.

At the conclusion of the interview, we gave the
participants the chance to voice any concerns or
comment on their overall experience with the IVR
technology. Some students like Elena and Isla,
used the platform to communicate their personal
assessment of stem.T4L to other students. Viewing
it as a “very valuable”, “unique”, and “positive”
experience, they both encouraged everyone to give
it a go “when the opportunity comes”
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Elena: “I think it should definitely be an opportunity
that a lot more public schools can experience
because, as you've probably seen with our project, we
really had a lot of fun with it and it's provided a very
valuable experience to all of us. So, | think that other
students should also be provided this experience, so
they can explore it and maybe even come up with
their own opinions and think about their futures
with technology and things. Because it’s definitely a
very positive and big learning experience”.

Isla: “Yeah, | agree with her. | feel like this experience
is really unique. Like | will go back to my family and
say, “I experienced VR and you didn't”. And then
they all want to experience it as well. So, when the
opportunity comes, everyone should take it”.

The qualitative data, as detailed above, suggested
a noticeable increase in this cohort’s attitude and
understanding of technology, in general, and their
interest and confidence in using technology for
creating art. In order to measure the extent of
improvement in the variables under study, and
holistically evaluate the impact of the art Masterclass
with IVR, we collected quantitative data as well. We
mentioned earlier in this report that the Masterclass
participants (n=23) filled out a pre-survey in March, at
the outset of their course. When we ran the post-test
in December, only 15 students attempted the survey,
13 of which had completed the first survey. From the
additional data the teachers provided, we found out
that some of the students who had participated in
the first survey, did not stick with the course and
went on to do something different. Although later
in Term 1 more girls had joined the Masterclass, we
did not collect any baseline data on this new cohort.
Therefore, the total number of responses considered
for the purpose of data analysis was 13. Below, we
compare the findings of the pre and post surveys to
draw overall conclusions.

Post-survey results

The post-survey consisted of 34 multiple-choice
and open-ended items, identical to the pre-survey,
and measured variables such as students’ digital
resilience, 2Ist century capabilities, confidence in
using technology, and “concept of technology”
(Baskette & Fantz, 2013). The multiple-choice
guestions measured students' level of agreement
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(Strongly Disagree to Strongly Agree) with the items
of the survey, using a 4-point Likert scale. To ensure
higher reliability of the data, the items were adopted
from existing instruments with established content
validity (e.g., Baskette & Fantz, 2013; Moyer, Young,
Weckman, & Cutright, 2015).

One of the key sections of the pre and post surveys
was directed at measuring students’ “concept of
technology” (Baskette & Fantz, 2013), where students
were asked in an open-ended item to explain what
first comes to mind, when they hear the word
technology. Of interest and significance was the
difference made in students’ conceptualisation
of technology and whether their thinking of what
technology encompassed would change from before
to after the course. The data collected at the two time
points was compared semantically and statistically,
and interesting results were found; for 69% (n=9)
of the pre-survey respondents technology meant
“devices” or “anything digital”. This figure dropped to
46% in the post-survey. Put differently, five students
adopted a more “holistic view” of technology and
applied advanced thinking to their interpretation of
technology by the end of the course. For instance, as
shown in Table 4 below, for Celina, technology initially
meant “anything to do with laptops and computers”.
As her post-response indicates, after working with
IVR for almost a year, technology became “a very
broad topic” to her; one she could not confine to
one form or a single category. Similarly, Elena moved
away from viewing technology simply as “devices”,
to appreciating its far-reaching impact on “modern
society”. For Farrah, technology which was once
about tools like “computers, laptop and phone”, now
was interwoven into every aspect of life, shaping the
“future generation”.

Maryam and Amara, unlike others, displayed a deeper
understanding of technology at the outset; they
could see technology as a key to “analyse our world",
or to make the world “easier or more connected”. The
post-survey results showed that both respondents
maintained a similar view and continued to attach
high significance to technology. For the other six
respondents, no difference was observed in their pre
and post responses, with “devices”, “phones”, and
“gadgets” being their first line of thinking.

When you hear the word technology, what first
comes to mind?
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Year 9 Anything that can be used to

or activities.

Year 7 Devices and anything to do

with laptops and computers

Celina

Year 8 Devices

when | hear the word
“technology” It reminds me
of Computers, laptop, phone,

Year 10

media

Year 7 Anything digital

Year 8 Modern inventions allowing
us to understand and analyse
our world and use them as
sources of education and

entertainment.

Year 8 Something which makes the
world easier and faster and

more connected.

Maryam

-
2.

help people with everyday tasks

information systems and social

- Pre-survey (March, 2020) | Post-survey (December, 2020)

When | think of technology | think of a device
that has the possibility to make change and
make society a better place. It is the idea of
innovation and invention.

It is a very broad topic and | think this topic
is very interesting. | would think of this as
becoming one of my career options.

The advancement of modern society.

Future generations

| think of science and the application of science
in human life.

I[tems which may assist people in completing a
designated activity for which the technology is
designed for. The type of technology which first
comes to my mind is digital tech.

Devices, using scientific and maths knowledge,
developing online skills and learning more about
apps and games.

Table 4: Students’ pre and post-survey perceptions of technology

Moving on to other variables of the surveys, we
discerned inconsistent patterns of thinking in
students’ pre and post responses. While improvement
was observed in the ratings of a few items, suggesting
intellectual growth and positive impacts of the course,
some items remained unchanged or the ratings
dropped slightly. When asked to determine their
level of agreement with the statement “Technology is
rigid and inflexible to interact with”, one of the items
of the “Attitude towards Technology” variable, 69%
disagreed in the pre-survey, displaying the positive
attitude that with “trial and error” one can always
find a way. In the post-survey, this number increased
by 16%, suggesting that even a higher number of
students (85%) found technology to be “flexible”.
However, despite improvement on this item, other
items of this variable such as “when students use
technology for learning they collaborate more”,
remained stable from pre to post testing.
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Out of seven items measuring students’ digital
resilience, four showed growth from pre to post-
survey. For instance, initially, almost half of the
students (54%) agreed that they would “continue to
work with new technology even if [they] did not know
how to complete the learning activity successfully”.
In the post evaluation, 77% students agreed with the
statement, suggesting that digital resilience, as a
capacity to persevere when faced with technological
challenges, had improved by 23% by the end of the
course. For the statements “If | get stressed when
technology doesn’'t work, | can overcome it", and
“When technology doesn’t work the way | want it
to, | can look for solutions myself”, we observed a
boost in students’ agreement level by 8% and 23%,
respectively. Yet, the other three items of this variable
did not show any improvement in the ratings by the
end of the course. Similarly, the variable measuring
21st century skills, consisting of seven items,
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produced mixed results: students’ self-perceived
“problem-solving skills” improved from 69% to 92%
(23% increase), asdid their ability in “finding new ways
of doing things” and “understanding how things
work” (8% increase). Yet, students’ self-perception
of their “leadership” and “communication” skills
declined by 8%, on both accounts. Confidence in
using technology was another variable included in
the surveys, which did not experience a rise in the
post-assessment, meaning the survey respondents
did not have a higher evaluation of their confidence
level at the end of the year.

As the ratings indicated, no consistent improvement
was found across the items of the variables under
study from before to after the course. The data also
did not suggest a decline in students’ evaluation
of their abilities, confidence, and attitudes towards
technology. Inferential statistics such as T-test could
accurately determine the statistical significance
of the differences between the means of pre and
post variables, to indicate the effect size of the
Masterclass. Unfortunately, because our sample size
of 13 was much smaller than the “magic number”
required for statistical analysis (n=30), running a
T-test was impossible. Therefore, the guantitative
data was inconclusive in determining whether the
art Masterclass with the IVR technology had any
influence on the students. However, the qualitative
data (i.e. students’ interviews) suggested otherwise,
as explained in the preceding section. Another
source of data, which confirmed that the course
had a significant positive impact on students, came
from a final interview with the two teachers of the
Masterclass. The highlights of this interview are
presented below, followed by a final discussion.

Masterclass teachers’ final interview

Ms Gifford had come across VR technology last year
in an exhibition at UNSW, where she had found
herself fascinated and wondering “Oh my goodness,
imagine being able to use this at school with our
students”. Shefelt “very fortunate” this year when she
heard the school had borrowed the IVR equipment
through the stem.T4L project. Yet, Ms Gifford and Ms
Kataria were both hesitant when they first received
the kit and “had no idea how to use the equipment”,
as they had “never used an IVR kit before”. They
could see the possibilities, and they were “as excited
as the kids", but not knowing how to use the actual
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equipment was “scary”; even “the thought of it was
difficult”.

But the teachers were determined to give students
the opportunity to see “what it's like to create a
project and everything that goes into a project”.
Using a project-based approach- something that
the teachers were well familiar with and had always
adopted, provided a positive reassurance that this
was not going to be “too different”, the only difference
was the technology, as Ms Gifford clarified:

“Because each project we do in art, we start to
brainstorm, we discuss, we talk, we do, we find
solutions to a problem, and produce a final product.
So, when you think about this as being a very similar
task, similar activity, and all that makes it different is
the technology”.

Yet, as the IVR was a new tool to the teachers, they
needed to learn how to use it: “like everything else,
you have to actually do it a few times before you get
used to it", Ms Kataria said. So, the teachers made
time “to learn”, watched the “available videos”,
“developed ideas”, and found ways in which the IVR
could “simulate a real-life experience”. This is how
the Masterclass teachers set out on their journey
with the IVR, which they thought could help other
teachers get started with any new technology.
Although they stumbled through the way, they
“got there eventually”. The outcome they achieved
(the Relaxation House), which students had created
based on “almost nothing”, in their faculty “with their
art teachers”, and not necessarily with their “science
teachers” was a badge of pride that the students
should wear, Ms Kataria and Ms Gifford emphasised.

The informal interview with the two teachers took
a few turns before settling into a candid discussion
about students’ unique characteristics that made
the learning journey so fruitful. Initially, the teachers
told us how proud they were of the students’ active
participation during their focus group interview, and
the intellectual maturity they had shown was a true
reflection of “what teaching is all about™

Ms Gifford: “I was watching as they were doing the
interview with you last week. And | listened to how
well they were speaking. They were so articulate. |
just felt, ‘this is what teaching is all about”.
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Ms Kataria: “I just loved actually listening to them
answering the questions that you asked. And it
wasn't like they stumbled for thought. They really

m

thought, ‘Oh this is a possibility”.

But, one of the most praiseworthy abilities that
the students had demonstrated throughout their
journey, according to Ms Gifford and Ms Kataria
was “resilience”. Both teachers were in awe of their
students as they did not let anything stop them and
they remained “very positive the whole time". When
there was a change of plan, either due to technical
issues or unexpected hurdles, and the teachers had
to shuffle students around, assign new activities, and
readjust expectations and goals, and they would ask:
“this is what you have to do, can you do this, can you
work on that?”, the students would wholeheartedly
embrace the new changes and learn to become
agile. Recounting some classroom experiences, Ms
Gifford shared how students just said “Yep, OK". “Let’s
redo the drawings. Let’s re-outline certain things so
it can make it look more 3D".

Another majorfeatherinteachers capwasthesense of
autonomy and a self-directed learning approach their
students had consistently utilised when working with
IVR as new technology. Undoubtedly, the teachers’
strong focus on student-centred learning had
acted as a catalyst for the increasing level of learner
autonomy students had exercised. In the interview
with the students, we heard them frequently say that
they (i.e. students and their teachers) were “learning
together'. During the teachers’' interview, the same
idea was brought up where both teachers pointed
out that they never took a know-it-all attitude, but
provided “very minimal instruction”, and put their
students in charge of their own learning. Reflecting
on her role, Ms Kataria said: “The role of the teacher is
that you should always, yes, you be the teacher, but
sometimes you are the learner, and the role reverses.
And that’s how it should be in a way”. The outcome of
such anapproach resulted in studentsfinding a sense
of ownership of their learning process, and taking “a
lot of initiative to actually learn it themselves”, as Ms
Gifford elaborated:

“So, in terms of us teaching how to use the
programmes, it was very minimal instruction actually.
They picked it up so quickly... And they said, “OK. No,
no, we can do this”. They took a lot of initiative to
actually learn it themselves”.

IVR as a tool to
create digital art

stem.Té}@zo

I Page 31 Nsw

The Masterclass students had also displayed active
engagement and interest in the learning activities
throughout the course, the teachers pointed out. Ms
Gifford believed that what initially “drew the crowd",
was that the course was a virtual reality experience
as opposed to “looking at art as in traditionally
drawing and painting”. She remembered how more
than 30 students had signed up for the course, and
there were more who wanted to join, and how they
“had to turn some away”. This encouraging response
from students was an indication of their genuine
interest in learning with IVR. But what maintained
students’ interest throughout the year was seeing
and feeling “the potential that art can actually be
more than just painting, drawing, and sculpture.
It is actually in many different forms”, Ms Gifford
reasoned. More importantly, Ms Gifford argued
IVR with its potential to tap into different learning
subjects, “not just Science, or English, or Maths”, had
provided “cross-curricular learning opportunities”
for students. The fact that the teachers “never had
to chase [students] up” and “there was really no
complaints from the girls” were telling examples of
students’ high engagement and growing interest in
creating art with IVR - something that did not end
with the Masterclass but “went beyond the project”.

DISCUSSION

The STEM pipeline for women is “leaky at every
point” (Australian Academy of Science, 2019, p.5),
which is why it is crucial for the education system to
provide teaching and learning environments highly
conducivetogirls’'learningand engagementin STEM.
Creating stimulating environments is an ideal first
step, butitis not complete without an understanding
of what works and what does not in practice. We
see such strong focus on evaluation in the “women
in STEM decadal plan” developed by the Australian
Academy of Science (2019), where they propose six
strategies for Australia to improve gender equity
in STEM. Among the recommended approaches is
evaluating the extent of the effectiveness of STEM
initiatives and programs, without which, they argue,
it is difficult to know which programs to extent or
scale up. What we add to that discussion, is a female-
focused approach to reflect female voices when
evaluating the impact of STEM initiatives, which, as
alarmed by other researchers, is often absent in a
male-female discourse (Osborne & Collins, 2001).
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Blacktown Girls after-school art Masterclass was an
incredible opportunity to examine the impact of
stem.T4L on girls, specifically. We knew from previous
researchonthisprojectthatthelearningenvironment
equipped with stem.T4L technology abounds with
opportunities to explore, engage, reflect, problem-
solve,andlearn. Thistime, we were interested to know
whether the stem.T4L IVR kit, when incorporated
effectively and adequately in a girls-only school,
had the capacity to positively impact the learning
environment, create higher engagement amongst
girls, reform their understanding of technology and
its affordances, and hence spark their interest in
STEM-related fields.

Studies have shown that learning environments
that promote creativity, collaboration, and hands-on

learning experiences; foster a community of practice;
constructively challenge ideas; and spark curiosity,
dramatically influence girls’ interest and persistence
in STEM subjects (Cooper & Heaverlo, 2013; Gomoll,
Hmelo-Silver, Sabanovi¢, & Francisco, 2016;
Renninger, Costello Kensey, & Lehman, 2015). So, was
the stem.T4L learning environment hospitable to the
Masterclass students to begin with and, if yes, what
were the key characterises of that environment? To
answer these questions, we reviewed and examined
the extensive interview transcripts as well as the
researchers’ notes and reflections on classroom
observations and looked for clues as to how the
classroom dynamics, behaviours and attitudes,
actions, reactions and interactions and, the overall
atmosphere were shaped by the implementation of
IVR technology.

We identified seven characteristics of this learning environment, shown as a graphic representation
below, and we conjecture that these defining features favourably influenced the learning and
engagement of students and contributed to the achievements gained.

Creating a
multisensory
comfortable and
engaging context

Raising awareness
of technology
career pathways

Seven
characteristics

of the learning

environment
created by
stem.T4L

Encouraging
teamwork and
collaboration
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Promoting
problem-solving
and digital
resilience
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1. Creating a multisensory, comfortable and
engaging learning context

After-school programs offer “a looser accountability”
structure (Gomoll, et al,, 2016), which means students
can quickly disengage from the activities if they are
not highly interested and motivated in the learning.
Interestingly, research on learning devices like IVR
suggests that the human-computer interaction
created by IVR generates stronger motivation for
learning through offering a multisensory experience,
leading to an increase in students’ sense of presence
or engagement (e.g. Huang et al, 2020). This
argument corroborates the findings of our research.
In fact, higher engagement and strong motivation
for learning were noticeable in the Masterclass
during the two classroom observations, where we
documented students’ behaviour patterns. Sinha,
Rogat, Adams-Wiggins, and Hmelo-Silver (2015),
identify four types of engagement: behavioural,
social, cognitive, and conceptual-to-consequential.

The high frequency of on-task behaviour
(behavioural engagement), contributions to group
work (social engagement), planning and role
allocation (cognitive engagement), and applying

their knowledge of technology in new situations
(conceptual-to-consequentialengagement) were
credible evidence to suggest all students were
consistently engaged in the activities.

The focus-group interviews with students and teachers
similarly indicated that student engagement was a
conspicuous feature of the Masterclass that strengthened
their motivation to stick around and persevere until
they completed the project. As engagement is a strong
indicator of interest (Gomoll et al, 2016), we strongly
believe that exposure to IVR contributed to higher interest
and motivation for creating digital art through increasing
student engagement in learning.

2. Raising awareness of technology career
pathways

Lack of awareness of STEM career options appears to
be one of the main contributors to gender disparity
in STEM (Australian Academy of Science, 2019). A
powerful way for girls to learn about the significance
of STEM fields is to explore STEM applications in
real life (Kesar, 2017). We observed that through the
real-world application of IVR technology, students:
(1) learned to appreciate the various possibilities
that technology offered for creating art, (2) became
familiar with fields that use IVR technology, and (3)
built a deeper awareness of career opportunities that
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could come their way when they are equipped with
21st century knowledge, skills and attitudes.

3. Building confidence and knowledge of
technology

As Bandura (1997) posits, “Mastery experiences”
are powerful sources of self-efficacy beliefs,
meaning mastering a task, overcoming obstacles,
or controlling an environment conveys a powerful
message of succeed, an immediate effect of which
is an increase in one’s confidence. Students’ success
in creating the Relaxation House, a digital piece of
artwork, bred a notable sense of confidence.

As all interview participants pointed out, they had
felt a boost in their confidence, rooted in their

self-belief that they did succeed in using IVR to
create digital art.

We also observed a pronounced shift in several
students’ understanding of technology, where their
recent experience with IVR added further dimensions
to their conceptualisation of technology, moving
them from the realms of “devices and phone” to
a place where technology meant “application of
science in human life”.

4. Promoting problem-solving and digital
resilience

Increasing attention has been paid to cultivating
enterprise skills such as problem-solving or critical
thinking, asthey are essential capabilities in students’
STEM development (Baine, 2009). IVR technology
appears to be an effective tool to enhance students’
problem-solving skills as its 3D environment allows
users to integrate information from different
perspectives, view abstract objects in a concrete
and visual manner, and mentally rotate items, all
of which are key elements in problem-solving skill
development (Passig, Tzuriel, & Eshel-Kedmi, 2016).
Gradual progression of students’ problem-solving
skillswas visible in the Masterclass, which was likely to
be the by-product of the application of IVR. Another
influential factor was the project-based learning
instruction adopted by the teachers. Such approach
to learning created ample problem-solving situations
for the studentsincluding learning how to: (1) define a
problem (i.e. how to create a tangible product within
the IVR environment); (2) generate ideas as to how to
approach the problem situation; (3) adopt technical
and creative solutions to articulate the problem; (4)
utilise a range of software applications and tools to
modify and enhance the selected solutions; and (5)
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solve a real-world problem in diverse ways, which
resulted in producing a digital artwork that could
provide an immersive and multisensory experience
for the user.

The how-to videos and tutorials students
consistently referred back to also allowed students
to transfer the learned knowledge to the physical

world step by step, which in turn impacted their
problem-solving approach and resilience.

The interview with the teachers confirmed this
argument as they shared with us how students never
gave up solving the problem, and “did not let things
stop them”, suggesting how “incredibly resilient”
they had become.

5. Stimulating creativity

The importance of creativity and innovation, along
with problem-solving, as essential skills required for
21st century, cannot be over-emphasised. Yet, we
continue to witness how a focus on rote learning,
an endeavour to teach to the test, and a crowded
curriculum that leaves no room for students to
be imaginative (Shulman, 2020), “successfully
kill creativity” (Robinson, 2007). Nonetheless,
exploration, experimentation, collaborative learning,
using imagination, taking risks, being open to ideas,
and autonomy are some effective ways to encourage
creativity (Cherry, 2020; Clifford, 2012).

We were pleased to observe that the stem . T4L
environment lent itself perfectly to many situations
that required students to step outside of the box,

emlbrace new ideas, become decision makers,
and take charge of their own learning to become
creative thinkers.

6. Encouraging teamwork and collaboration

From the very early stages of the Masterclass,
students learned that working towards a shared
goal like creating the Relaxation House, would
necessitate extensive amount of collaborative work,
consistent engagement in open and constructive
discussions, and genuine respect for everyone’s ideas
and viewpoints, which would all eventually enhance
the learning experience and the quality of the
project they would produce. As the pictures taken
during classroom observations suggest, hands-on
and experiential learning with IVR paved the way for
such collaboration and teamwork, bringing together
students from different year groups with different
skills and strengths to share ideas and learn from
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each other. There were individual activities such as
drawing the sketches or self-exploratory experiences
that might place a momentary pause in the degree
of collaboration between students. Yet, even in those
moments, students engaged in a back and forth
process of giving and receiving feedback, with a
mindset of innovation and growth, which also helped
them develop synergy and friendship amongst
themselves.

7. Providing opportunities for autonomy
and self-directed learning

Self-directed learning as a process wherein students
take initiatives to become autonomous learners
and in charge of their own learning, is proven to be
positively correlated with use of technology (e.g.,
Rashid & Asghar, 2016). In the stem.T4L classroom,
great opportunities existed to exercise autonomy.
The various characteristics of self-directed learners
are identified in existing literature (see for example
Doering & Henrickson, 2015; Mok, Leung, & Shan,
2005). Many of these attributes were demonstrated
by the students of the art Masterclass. For instance,

once being directed towards the right platforms
to check the affordances of a particular learning
tool, students driven by their self-motivation and

sense of curiosity would begin to explore avenues
on their own, applying their new skills and
knowledge into problem situations.

When asked to complete the project proposal
form, they collaboratively defined goals for their
own group, allocated roles to each member, and
set a timeframe to achieve what they had planned
for, which were all indicative of their capability to
regulate their thinking and learning strategies and
actively participate in the learning. As explained
earlier, the Masterclass teachers played a substantial
rolein promoting students’ sense of autonomy where
they worked as a safety net; providing guidance and
constructive feedback throughout the way, and
empowering students to become decision makers
and take charge of their learning.

Establishing a link between IVR and
Syllabus outcomes

A key question that we need to explore in this
section is whether the learning that took place
in the Masterclass, as discussed by the research
participants, and mirrored in the characteristics of
the stem.T4L learning environment, was linked to any
Key Learning Areas (KLAS). In other words, does the
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integration of the stem.T4L IVR kit enable students to
meet any syllabus outcomes? The answer is yes.

Although in this study, IVR was implemented in an
after-school setting with an aim to mainly provide a
novel art-making experience for the students, IVR can
have a wide range of curriculum applications across
different stages to contribute to students’ learning
and help them achieve syllabus outcomes. As Table
5 suggests, Visual Arts, Photographic and Digital
Media, Visual Design, Technology Mandatory, Digital
Technologiesand Working Scientificallyareanumber
of Focus Areas that create a meaningful context
for IVR. Take Visual Arts as an instance. The varied
software applications (e.g. Tilt Brush) and equipment
(e.g. 360° cameras) embedded in IVR environment
lend themselves well enough to an investigation into
visual arts, where students autonomously venture

Visual Arts

and procedures to make artworks
visual arts

artworks

making

Photographic
and Digital
Media

refine photographic and digital works

possible

photographic and digital works

Technology
Mandatory

now and into the future

need of opportunity

Digital
Technologies

5.5 makes informed choices to develop and extend concepts and

into exploring and manipulating different techniques
and materials to create arts beyond canvas and paints
(e.g. outcomes 5.1, 5.4, LS.2). Based on our research
findings, we postulate that IVR tapped into different
learning areas and helped students achieve a number
of outcomes such as developing technical skills and
becoming autonomous learners, capable of identifying
and employing varied techniques, procedures, and
resources to create a new articulation of art.

The Table below provides an insight into some KLAs
including both STEM and non-STEM areas where the
integration of IVR can contribute to achievement of
syllabus outcomes. The Learning Challenges created by
the stem.T4L Education Team for IVR (e.g. a place of my
own, Excursion 360°), available on stem.T4L Learning
Library, lend further insights about how use of IVR
equipment can integrate the syllabus into classrooms.

_m

4.9 Begins to acknowledge that art can be interpreted from different points of view

5.1 Develops range and autonomy in selecting and applying visual arts conventions
5.4 Investigates the world as a source of ideas, concepts and subject matter in the
5.6 Demonstrates developing technical accomplishment and refinement in making

LS.2 Explores a variety of materials, techniques and processes

LS.7 Explores how ideas and interests in the world can be represented in their art-

LS.9 Uses a range of materials, techniques and processes to make artworks

4 &5

different meanings in their photographic and digital works

5.6 Selects appropriate procedures and techniques to make and

LS.3 Explores the function of photographic and digital artists and how they work

LS.5 Recognises that various interpretations of photographic and digital works are

LS.4 Explores ways in which experiences of the world can be communicated in

TE4-10TS Explains how people in technology related professions contribute to society 4

TE4-1DP Designs, communicates and evaluates innovative ideas and creative solutions
to authentic problems or opportunities

ST3-2DP-T Plans and uses materials, tools and equipment to develop solutions for a 3

Working ACSIS093, ACSIS110 Communicate ideas, explanations and processes, using scientific 3
41| AN representations including multimodal forms

Table 5. IVR’s links to KLAs
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CONCLUDING REMARKS

Although the quantitative data collected through pre-post surveys indicated no significant difference in
technology-related variables between before and after the completion of the Masterclass, the qualitative
data, as explained above, suggested a significantly positive impact of the learning environment equipped
with stem.T4L technology on girls’ learning and engagement. This impact was particularly powerful in raising
girls’ awareness of and appreciation for technology in the art world that further motivated them to explore
the potential of technology in contemporary society more broadly.

At the conclusion of this study, we would like to highlight that the after-school Masterclass and the project-
based instruction implemented in that environment played a major part in realising the full potential of
stem.T4L for girls. The effective and constant use of IVR, which was aimed at creating a real-world product,
and the ample opportunities that existed for hands-on and collaborative learning, without a doubt created
an ideal context for students to engage with stem.T4L. In such an environment, students had the opportunity
to see themselves as a young team of experts in the field of technology, capable of designing, exploring,
and solving technical problems together. We recommend that to encourage girls’ participation in STEM
fields and to boost their sense of confidence in using technology, schools establish informal and positive
learning environments where girls individually and collectively explore diverse aspects of STEM technology,
observe their impacts first-hand, and practice creativity to produce tangible products and experiences. The
more positive girls’ experiences are in utilising technology to create outcomes that impact the real world, the
higher their likelihood to persist in STEM fields.

ACKNOWLEDGMENT

We would like to thank Blacktown Girls High School and all the amazing students and teachers of the art
Masterclass who participated in this case study. Without their generous support, we would not have been
able to conduct this research.

IVR as a tool to

Stemﬂ@.z" create digital art I Page 36 Nsw



REFERENCES

Ahn, J, & Kwon, N. (2013). An analysis on STEAM education teaching and learning program on technology and
engineering. Journal of the Korean Association for Science Education, 33(4), 708-717.

Aschbacher, P. R, Li, E., & Roth, E. J. (2010). Is science me? High school students’ identities, participation, and
aspirations in science, engineering, and medicine. Journal of Research in Science Teaching, 47(5), 564-582.

Australian Academy of Science. (2019). Women in STEM Decadal Plan. Canberra, Australia: Australian
Academy of Science. Available from: http:/mwww.science.org.au/womeninSTEMplan

Australian Education Council. (2015). National STEM School Education Strategy, 2016-2026. Education Council.

Australia: Australian Education Council. Available from: http:/Mmww.educationcouncil.edu.au/site/DefaultSite/
filesystem/documents/national%20STEM%20School%20Education%20Strategy.pdf

Baine, C. (2009). Engineers Make a Difference: Motivating Students to Pursue an Engineering Education.
Springfield, OR. Bonamy Publishing.

Bandura, A. (1997). Self-efficacy. The exercise of control. New York: W. H. Freeman and Company. Emory
University, Division of Educational Studies, Information on Self-Efficacy: A Community of Scholars.

Baskette, K. G., & Fantz, T. D. (2013). Technological literacy for all: A course designed to raise the technological
literacy of college students. Journal of Technology Education, 25, 2-19.

Cheryan, S., Master, A, & Meltzoff, A.N. (2015). Cultural stereotypes as gatekeepers: Increasing girls’ interest in
computer science and engineering by diversifying stereotypes. Frontiers in Psychology, 6, 49.

Cherry, K. (2020).17 Ways to Develop Your Creativity. Retrieved from https:/mwww.verywellmind.com/how-to-
boost-your-creativity-2795046

Clifford, M. (2012). 30 Things You Can Do To Promote Creativity. Retrieved from https:/Mmww.opencolleges.
edu.au/informed/creativity/promote-creativity-in-your-classroom/

Chun, K,, & Harris, E. (2011). Research update 5: STEM out-of-school time programs for girls. Cambridge, MA:
Harvard Family Research Project.

Blickenstaff, J. (2005). Women and science careers: Leaky pipeline or gender filter? Gender and Education,
17(4), 369-386.

Cooper, R,, & Heaverlo, C. (2013). Problem Solving and Creativity and Design: What Influence Do They Have on
Girls' Interest in STEM Subject Areas? American Journal of Engineering Education, 4(1), 27-38.

Doering, A., & Henrickson, J. (2015). Fostering creativity through inquiry and adventure in informal learning
environment design. Journal of Technology & Teacher Education, 23(3), 387-410.

Dweck, C. S. (2006). Mindset. New York, NY: Random House.

Dyer, S. K. (2004). Under the microscope: A decade of gender equity projects in the sciences. American
Association of University Women Educational Foundation, 1111 Sixteenth St. NW, Washington, DC 20036.

Else-Quest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross national patterns of gender differences in math: A
metaanalysis. Psychological Bulletin, 136(1), 103-127.

IVR as a tool to

Stemﬂ@/—z create digital art I Page 37 Nsw


http://www.science.org.au/womeninSTEMplan
http://www.educationcouncil.edu.au/site/DefaultSite/filesystem/documents/national%20STEM%20School%20Education%20Strategy.pdf
http://www.educationcouncil.edu.au/site/DefaultSite/filesystem/documents/national%20STEM%20School%20Education%20Strategy.pdf
https://www.verywellmind.com/how-to-boost-your-creativity-2795046
https://www.verywellmind.com/how-to-boost-your-creativity-2795046
https://www.opencolleges.edu.au/informed/creativity/promote-creativity-in-your-classroom/
https://www.opencolleges.edu.au/informed/creativity/promote-creativity-in-your-classroom/

Faiola, A., Newlon, C., Pfaff, M., & Smyslova, O. (2013). Correlating the effects of flow and telepresence in virtual
worlds: Enhancing our understanding of user behavior in game-based learning. Computers in Human
Behavior, 29(3), 1113-1121.

Falco, L. D., & Summers, J. J. (2017). Improving career decision self-efficacy and STEM self-efficacy in high
school girls: Evaluation of an intervention. Journal of Career Development, 1-15.

Gomoll, A, Hmelo-Silver, C. E., Sabanovi¢, S., & Francisco, M. (2016). Dragons, ladybugs, and softballs: Girls'
STEM engagement with human-centered robotics. Journal of Science Education and Technology, 25(6), 899-
914.

Huang, C. L, Luo, Y. F,, Yang, S. C,, Lu, C. M,, & Chen, A. S. (2020). Influence of students’ learning style, sense
of presence, and cognitive load on learning outcomes in an immersive virtual reality learning environment.
Journal of Educational Computing Research, 58(3), 596-615.

Kesar, S (2017) Closing the STEM gap: Why STEM c/osses and careers still lack girls and what we can do

Liao, C., Motter, J. L., & Patton, R. M. (2016). Tech-savvy girls: Learning 2Ist-century skills through STEAM digital
artmaking. Art Education, 69(4), 29-35.

Modi, K., Schoenberg, J., & Salmond, K. (2012). Generation STEM: What girls say about science, technology,
engineering, and math. A Report from the Girl Scout Research Institute. New York, NY: Girl Scouts of the USA.

Mok, M. M. C,, Leung, S. O,, & Shan, P. W.-J. (2005). A comparative study on the self-directed learning of primary
students in Hong Kong and Macau. International Journal of Self-directed Learning, 2(2), 39-54.

Moyer, A. C.,, Young Il, W. A, Weckman, G. R, & Cutright, K. (2015). Rubrics on the Fly: Improving Efficiency and
Consistency with a Rapid Grading and Feedback System. Journal of Teaching and Learning with Technology,
4(2), 6-29.

Ng, W., & Fergusson, J. (2020). Engaging High School Girls in Interdisciplinary STEAM. Science Education
International, 31(3), 283-294.

Osborne, J., & Collins, S. (2001). Pupils’ views of the role and value of the science curriculum: a focus-group
study. International journal of science education, 23(5), 441-467.

Passig, D., Tzuriel, D., & Eshel-Kedmi, G. (2016). Improving children’s cognitive modifiability by dynamic
assessment in 3D Immersive Virtual Reality environments. Computers and Education, 95, 296-308.

Rashid, T., & Asghar, H. M. (2016). Technology use, self-directed learning, student engagement and academic
performance: Examining the interrelations. Computers in Human Behavior, 63, 604-612.

Renninger, K, Costello Kensey, C. N., & Lehman, D. L. (2015). Perceptions of science and their role in the
development of interest. In: Renninger KA, Nieswandt M, Hidi S (eds) Interest in mathematics and science
learning. AERA, Washington, pp 93-110.

Root-Bernstein, R. (2015). Arts and crafts as adjuncts to STEM education to foster creativity in gifted and
talented students. Asia Pacific Education Review, 16(2), 203-212.

IVR as a tool to

Stemfé}@/—o" create digital art I Page 38 Nsw


https://youthrex.com/report/closing-the-stem-gap-why-stem-classes-and-careers-still-lack-girls-and-what-we-can-do-about-it/
https://youthrex.com/report/closing-the-stem-gap-why-stem-classes-and-careers-still-lack-girls-and-what-we-can-do-about-it/

Robinson, K. (2017). Do schools crush creativity? TED talk. Retrieved from https://www.youtube.com/
watch?v=iG9CES55wbtY

Sadler, P.M., Sonnert, G., Hazari, Z., & Tai, R. (2012). Stability and volatility of STEM career interest in high school:
A gender study. Science Education, 96(3), 411-427.

Schuster, C., & Martiny, S. E. (2017). Not feeling good in STEM: Effects of stereotype activation and anticipated
affect on women’s career aspirations. Sex Roles, 76(1-2), 40-55.

Sinha, S., Rogat, T. K, Adams-Wiggins, K. R.,, & Hmelo-Silver, C. E. (2015). Collaborative group engagement
in a computer-supported inquiry learning environment. International Journal of Computer-Supported
Collaborative Learning, 10(3), 273-307.

Shulman, R.D. (2020) This Is What Happens When We Close Doors On Creativity In The Classroom. Retrieved

on-creativity-in-the- classroom[?sh 79eed?b6151e

Smeding, A. (2012). Women in science, technology, engineering, and mathematics (STEM): An investigation of
their implicit gender stereotypes and stereotypes’ connectedness to math performance. Sex Roles, 67(11-12),
617-629.

STEM Task Force. (2014). Innovate: A Blueprint for Science, Technology, Engineering, and Mathematics in
California Public Education. Californians Dedicated to Education Foundation.

Steffens, M. C,, & Jelenec, P. (2011). Separating implicit gender stereotypes regarding math and language:
Implicit ability stereotypes are self-serving for boys and men, but not for girls and women. Sex Roles, 64(5-6),
324-335.

Stoeger, H.,Duan, X,, Schirner, S.,Greindl, T., & Ziegler, A. (2013). The effectiveness of a one-year online mentoring
program for girls in STEM. Computers & Education, 69, 408-418.

Wajngurt, C., & Sloan, P.J. (2019). Overcoming gender bias in STEM: The effect of adding the arts (STEAM).
InSight: A Journal of Scholarly Teaching, 14, 13-28.

Zhao, C. M., Carini,R.M,, & Kuh, G. D. (2005). Searching for the peach blossom Shangri-La: Student engagement
of men and women SMET majors. The Review of Higher Education, 28(4), 503-525.

IVR as a tool to

Stemfé}@/—o" create digital art I Page 39 Nsw


https://www.youtube.com/watch?v=iG9CE55wbtY
https://www.youtube.com/watch?v=iG9CE55wbtY
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