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Chapter 6
Interactive Practices in a
Library Makerspace Using
Technology to Deliver Positive
Student Outcomes

Henriette van Rensburg
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Preamble

With her chapter, Henriette van Rensburg contributes to the book,
Enhancing Student Learning Outcomes in Higher Education, by describing
how an academic library makerspace contributes to a university’s innova-
tion culture. She relates to the three phases of the central ESLO model
of the book in this way:

The DESIGNING phase revolves around the conceptual blueprint
of detailed learning outcomes. A creative ecosystem, an academic library
makerspace, is designed to foster an atmosphere of innovation and prac-
tical learning within the university. The planned outcomes primarily aim
to inculcate essential skills that adult learners can utilise effectively within
this makerspace setting, ensuring a comprehensive learning approach.

In the DOING phase, the strategy developed in the earlier phase is
executed within a practical learning environment. The application of these
learning outcomes into the makerspace creates a propensity for learnets
to apply their skills and confidently undertake independent projects. The
implementation also reveals potential implications and benefits for the
varying stakeholders involved, providing a tangible perspective on the
learnt skills.
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Within the DIAGNOSING phase, a careful evaluation of the
successful transition to output-based curricula and the effectiveness of
the implemented learning outcomes takes place. There is a critical assess-
ment of the traditional grading system’s relevance in the face of rapidly
advancing artificial intelligence technologies. Also, a noticeable shift of
learners’ preference towards a self-directed and exploratory approach to
learning is reflected. These highlight the overall effectiveness of the inno-
vative approach implemented within the university.

Introduction

A makerspace is an environment where lecturers, researchers and
students can get together “to share resources and knowledge, work on
projects, network, and build” (Educause, 2013). I define learning outcomes
as ‘the need to know’, including the skills adult learners learn within
the makerspace setting, allowing them to use equipment and undertake
projects more independently and confidently than before. In addition,
this chapter has the potential implications and benefits of the research
findings for educators, administrarors, and policymakers. All such stake-
holders are interested in enhancing student learning outcomes in higher
education using makerspaces and other innovative learning environments
that provide snitable facilities and support for learning; an ecosystem that
includes the activity and the learning outcomes.

In the current global knowledge-intensive population, the need for
higher education has become more prevalent, both for individuals and
societies (Altbach et al,, 2019; Information Resources Management Asso-
ciation, 2022). Higher education educators “want students to achieve the
educational, societal, and life effects that result from students being educated”
(The Glossary of Educational Reform, 2014:1). How can we improve
students’ learning outcomes in higher education? Ludwig et al. (2017:33)
identified in their study that STEM (Science, Technology, Engineering,

Mathematics) students learning outcomes improved “when engaging in
makerspace activities by creating tangible solutions to bealth-related prob-
lems”. They discovered these students could identify and learn capabilities
that will be critical in their future work.

Student outcomes usually refer to the expected goals of a learning
experience, course, or program; they can also refer to the actual grades

s
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they achieve or fail to achieve during their education or later in life (Th-e
Glossary of Educational Reform, 2014). I:.Qck et al. (2020:.5). echo this
by stating that “risk-taking and learning from failure.are critical compo-
nents of making” and learning, The Covid-19 pandemic challengcfi many
educators and universities to respond to the challenges by changing and
adapting in many ways to setve this changing world (Altbach et al,, 201?).
Halverson and Sheridan (2014) emphasised the emerging role of making
in education, Learning occurs when learners make concrete artefac':ts
through real-life learning and authentic opportunities and it is a creative
and collaborative way to transform teaching and learning (van R.ensburg
& Piper, 2019). UNSW Art & Design Australia (2015) emphasises t.hat
their makerspace is an environment where students are no longer just
consumers but can direct the learning outcomes themselves.

This study provides a snapshot of how a makerspace can play zf key
role in enhancing students’ learning outcomes in a multi-campus regloTlal
university in Queensland, Australia. This type of project-based learning
is often called ‘constructivist learning’, an idea developed by the educa-
tional psychologist, Papert (Blikstein, 2013). He believed th.at learning is
best done from experiences, through building a physical object or slom?‘
thing shareable with others; this is especially effective when the project is
chosen by the student and self-directed (Yusoff & Aziz, 2020). .

At the library makerspace, we often receive a wide range of specific
requests from students and staff regarding personal projects, research
or within different curricula, They learn hands-on skills with our latest
digital fabrication technologies, at their own pace and to their own
interest. Makerspace staff members want students and staff to feel confi-
dent with digital fabrication technologies for independent SEs Benefits
include capable and high-achieving graduates who, with admirable port-
folios, prove to be more innovative and thus more employable.

Chapter overview and key takeaways

In Section 1, I describe the background to our work on enhancing students’
learning outcomes in the university library makerspace and ed,ucation
areas, and examine the underpinning learning theory — Knowles theory
of andragogy. Following this, in Section 2, I demonstrate our proje'ct‘
based practice towards enhancing student learning outcomes focussing

. 149
148




Chapter 6

on how our practice affects students’ way of studying, and outlining the
qualitative methodology used, namely the visual elicitation method, to
ascertain our findings. Section 3 is where I present the findings of the
study in the outcome section, from the perspectives of students, staff
and the author; using Knowles’ six concepts of andragogy to catego-
rise the findings. Section 4 looks forward to possible future expansion
of the university library makerspace, with a greater amount of physical
space for use in curricular spanning a broader variety of subject areas.
conclude the chapter by re-iterating the value of makerspace in success-
fully engaging students in many different areas of tertiary study.

Reading this chapter, three insights will be gained:

L. 'The value of incorporating Malcolm Knowles six principles of

Andragogy (Knowles, 1984) into a library makerspace;

2. 'The importance of learner-centred, as well as problem-centred,

project-based challenges for enhancing student learning outcomes;
and

3. How a library makerspace can play a key role in building students’

confidence, experienice, orientation to learning, motivation and
independence,

= 4
Section [: Background to our work with
learning outcomes

As an experienced university educator in Technology Education, I am
interested in andragogy and the importance of the students’ learning
journeys. In this research project, I worked closely with the Community
ngagement Coordinator, running the library makerspace at the univer-
sity. The Coordinator contributes significantly to developing a research
and evidence-based library culture and work collaboratively to support
decision-making and service improvement. This includes practice-based
research in the university library makerspace. The Coordinator and I also
collaborate with other educators, curriculum designers and researchers
to ensure that the makerspace activities align with students’ learning
outcomes and support their academic development.

There is a connection between univcrsfry activities and improving

150

Interactive Practices in a Library Makerspace Using Technology

students’ skills development. Data from the 3D printer usage in t‘he
makerspace during the past three months indicated 1,000 printing activ-
ities, Each ‘print’ also often contains multiple parts, activities or jobs, and
this number shows the incredibly high demand for the makerspace 3D
printers. Thereis often a waiting list for machine time during the s'emest.er.
The university library makerspace is a place for hands-on learning w1‘th
equipment including 3D printers, 3D scanners, laser cutters, electronics
and more. “Going beyond the physical location itself, they centre around
building and creating in a collaborative environment” (Bell et al. 2023:1).
All students and staff members from any study area and faculty can use
the space daily during weekdays between 10 am to 2 pm and undertake
projects within research, course curriculum or extra-curricular are:els. To
begin their experience in this area, participants receive fre.e 3D prmts'of
up to 500 grams, where they can choose to print something from th%n‘
giverse.com or myminifactory.com. They learn how to set up a 3D print
in the slicing software, change the printing material and set up the 'SD
printer, Generally, students choose something extra-curricular to print,
which is low-pressure and encourages elements of play.

After completing a combination of online and hands-on inductions,
students can obtain swipe card access to the makerspace between library
opening houts (weekdays from 8 am to 6 pm and weekends froim mic.iday
to 5 pm). This allows students to work independently on theit projects
within the makerspace. The goal is to build capacity in the students,
allowing them to work unaccompanied and confidently. R;ju:her tban
operating a printing space for students to send jobs to without 1nteract.mg
with the equipment, the focus is on skill building, not on the project
output.

The makerspace allows students to gain hands-on skills that may
not be present in their studies and receive one-on-one instruction for
hands-on skills that they would otherwise not receive in a standard class.
This allows students to undertake projects in their own interest areas
and create portfolio projects that make them more empl?ya‘ble uport
completing their studies, The makerspace also acts as a 'third place
outside work or home where students can meet others and learn together,
often sparking serendipitous collaborations across study areas, students,
staff members and the public. Bogue and Ouillon (2023) describe

makerspace third spaces as increasing social connectedness and building
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community, providing support in times of crisis. Through their research,
Bogue and Ouillon (2023) experienced the evolvement of the Fab Lab
into a more general community facility, offering advice and support on
various issues and a space for people to talk, socialise, and share skills and
knowledge. University makerspaces “represent an opportunity for interdis-
ciplinary access to technology and resources for digital fabrication and varied
creative projects...however, a gap in the research literature on makerspaces on
university campuses, including within libraries” (Bell et al., 2023:1), Indeed,
many researchers note the need for empirical research on the role of
makerspaces in the Australian higher education context (Baker, 2021;
Bell et al., 2023; van Rensburg & Piper, 2019; Wong & Partridge, 2016).
The university library makerspace staff members also experience
challenges and face obstacles in the daily conducting of the makerspace.
Sometimes it is difficult to find technical personnel to run the space.
Competent staff and assistants are equally as important as the equipment;
a successful and sustainable makerspace cannot function with just one
and not the other. Although students and staff are offered safety induc-
tions and guidance on the correct equipment usage, the university staff
members are always aware of the level of risk when operating in the space.
A part of developing hands-on skills in a makerspace is accepting that
this is always a low-risk environment for participants. Makerspace users
must acegpt some level of risk to reap the benefits of learning hands-on
skills. It needs to be a safe learning space where students are allowed to
fail. Sometimes a student can initiate a 3D print job incorrectly, which
can damage the equipment or cause a print failure. Accepting that this
can happen, and preparedness for mitigating these problems, is key in
allowing students to fail and keep going with the learning experience.

Learning theory and methodology related to learning
outcomes

In more traditional pedagogy, education is viewed as a passive “trans-
mittal of knowledge and skills that had stood the test of time” (Knowles,
1970:40). Yet, Knowles’ theory of andragogy, which is based on self-di-
rected independent learning, is philosophically opposed to such a
behaviorist approach, and developed into a kind of movement within
academia. Savi¢evié (1991) noted that the research body revolving around
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andragogy has also expanded, and related 1’&15{:111'61"1 since has continued
to develop (for example Knowles et ‘ai.,‘ 2015; 'I?zcan, ?O22). As an
educatot, 1 follow the adult learning principles nSSOCIe:lL'{.’.d with andragogy
(Knowles, 1990; Knowles et al,, 2015) to underpin thc. development
of the university library makerspace and when con.ductmg the work-'
shops. This theory—infbrmcd pedagogical app.ma‘ch nn}pro‘ved .studcnts
outcomes and can be achieved by better application of skills, unprove.:d
job performance, increased self-value, active and increased engagement in
learning. The need for a different learning approach to pcd:fgogy became
obvious in reaction to the global societal changes that required adults to
learn to their own advantage and with an instantaneous ability to apply
what was learned (Savicevi¢, 1991). The adult learning theory is based
on Kolb’s (1984) experiential learning, whereby learning is engrained'by
doing (Cherry, 2022). Adult learners are “encouraged to explore the sué-;cct
matter firsthand and learn from their mistakes. As a result, they are Iefs likely
to make those mistakes in the workplace and continually develop their expe-
riential knowledge” (Pappas, 2013). Successful adult learning is rooted in
the basic principles that steer adult learners, namely, “an acknowledgement
of the knowledge and experience gained by adult learners and the idea that
the learner — and not the instructor — is central to the process” (Conaway
& Zorn-Arnold, 2016:38). Such self-directed, independent learning
is reflected in Knowles' (1984) six concept approach to adult learning,
namely andragogy, and is the theoretical framework that underpins this

study.

1. Experience

Conaway and Zorn-Arnold (2016) described two elements of experience,
namely, time and dimension, experience being the mental re-creation and
outcome of time past; it can also interpret the present and predict the
future. Learners can draw meaning from both physical and/or psycholog-
ical past experiences. Conaway and Zorn-Arnold (2016) further stated
that educators can provide hands-on experience, for example, maker-
space projects and science experiments. Adult learners rely on their own
experiences as a framework for growth, they learn by integrating past
experiences with new concepts and interpreting them in new, meaningful
ways, Moreovet, as Pappas (2013) notes, “as a person matures, be/she accu-
mulates a growing reservoir of experience that becomes an increasing resource
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for learning”. Stewart (2021) extends this in her belief that adults’ e

Xis[ting
knowledge bases and life experiences make them more likely to be scep.-
tical of new information- they learn best by challenging and testing new
ideas.

2, Self-directedness

Self-directedness refers to the ability of an individual to make auton-
omous choices and decisions and to take full responsibility for their
outcomes, it is a skill that develops with experience and age (Conaway &
Zorn-Arnold, 2016:39). Self-directed learning “empowers adults to adapt
accordingly to fluid and complex social contextual changes...and advantages

of fostering self-directed learning competence avoidance of knowledge and skill
obsolescence” (Morris, 2019:57).

3, The learners need to know

Adult learners become aware that they need to know more skills and
information to reach their goals. They want to know why information
is important (Conaway & Zorn-Arnold, 2016). Adult learners already
know the benefits of learning. At the same time, Bloomquist and Georges
(2022:59) described it as “an intricate combination of identities, practices,
and outcomes used to prepare people to address complex problems”. Margi-
tay-Bechp and Das (2023 in this book) also note that their students
needed to be interested in the course to be motivated and successful:
“the students read the syllabus, including the course descriptions and learning
outcomes, and select a class that they find appealing”.

4. Readiness to learn

Often there is a high failure rate among beginner students when they do
not realise the importance of working hard. They are successful when
they realise that an incident has motivated them to take control of their
lives and has led them to enrol in university (Mikheeva et al,, 2021;
Conaway & Zorn-Arnold, 2016; Omar et al,, 2020).

5. Orientation to learning
Adult students see the future as now; their alignment with learning is
learner-centred (versus teacher-centred) and problem-centred, where they

can apply whar they are learning (Conaway & Zorn-Arnold, 2016),
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Section 2: Our practice towards enhancing
student learning outcomes

University makerspaces are characterised by'a us.er l?ase that includes
students and staff from any discipline. The university library makerspacce1
is a vibrant hub of activity, hosting workshops, and a pl?ce where staff an
students use makerspace equipment for projects, curticulum classes ani
industry placement projects. It fosters spaces where students can .wolr
on open-ended projects within their curriculum and as extra-curticu atcr1
projects have many benefits. With the rise of Al text generation a.n
ChatGPT-style technology, the way educators assess and .grade learning
outcomes are debatable. Assigning grades can have detrimental effects
on the priority of the learning outcome vetsus the number received.
and research indicates three reliable effects when student's are gr‘aded—
they tend to think less deeply, avoid taking risks arlld lose interest 1.r1 th.e
learning itself (Kohn, 2006). Challenge and project-based learning }is
more engaging for students and focuses on the process rather than the
outcome (Kohn, 2006). o ‘

There is a growing movement for ‘ungrading’ in tertiary educa-
tion, Stommel (2021) made the case that grades only are not a goo.d
incentive, feedback or marker of learning. They also encourage co.mp.etk
tiveness over collaboration and do not reflect the idiosyncratic, subjective,
emotional character of learning and are not inherently fair. Conaway
and Zorn-Arnold (2016) stated that for adult learners, the future should
be learner-centred, not teacher-centred. Learning is no longer an act
of depositing, whereby students are the depositories and the teacher a
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depositor., This results in a Jack of creativity and transformation; knowl-
edge only emerges through invention and re-invention, arguing for a
project and challenge-based approach, Makerspaces will very likely
become more common with a shift in focus to project-based learning as
educators evolve away from graded learning that is too easily replicated
with AT technology tools.

How our practice affects students’ way of studying

Project-based activities undertaken in the university library makerspace
include the industry placement subject program, where students can pair
with a local business and the makerspace to create a 3D printed or elec-
tronic solution to a problem, For example, students may create a custom
learning aid for the science department, in their area of interest, or collab-
orate with a local hand therapy business on developing an aid for a client
with a disability. These problem and solution-based projects are chosen
with the student’s desired career pathway in mind, tailored to their inter-
ests and inspirations. The final project is duplicated for the client and the
student to keep, allowing the student to build up a portfolio of projects
that aids in future employment.

A current student is working with the local hand therapy business
to createra dexterity trainer for clients to increase proprioception and
re-train muscles. In consulting with the hand therapist and the maker-
space manager, she has created a list of minimum deliverables for the
project, Using iterative design principles, the student learns how to
utilise Autodesk Fusion 360 software, creating a 3D model from a sketch
concept. After multiple rounds of clienc feedback, 3D printing and design
improvements, the final product is delivered to the hand therapist and
made available as an open-source download on the makerspace website.
These types of projects benefit the university and local community and
equip students to work independently with digital fabrication technolo-
gies, gaining a powerful problem-solving skillset.

Interactive Practices in a Library Makerspace Using Technology

Figure 1: Snapshots from the makerspace.

The university library makerspace also offers a variety of workshops,
including 3D Printing Basics, Arduino and Electronics, Autodesk Fusion
360 Basics, how to build a website and more. The Built a Bot two-day
workshop is a project-based session where participants can design and
build their own robot character. Using two servo motors and an LED
light, they can make a creature of their own design come to life. This
session combines the 3D printing and Arduino workshops to form a
workshop intensive where students can take ownership of their project
and learning and also take home their own creations. This workshop
often receives glowing reviews, and sessions are held for university
students, staff, and local reachers as professional development sessions.
A new makerspace workshop, the Future Makers Entrepreneurship
Workshop, has recently been introduced at the university. This runs one
day a week for three weeks to introduce students to basic business skills
and side hustles. Many students are interested in solving problems or
starting their businesses but do not have the skills to get started, This
workshop uses the Lean Startup Methodology to test business ideas with
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the least monetary investment possible, focusing more on customer vali-
dation and time investment. This workshop has also received excellent
reviews from participants.

Evidence of learning outcomes in the university library makerspace is
collected from multiple sources. The qualitative evidence presented in this
chapter has been developed from a research case study, in addition to user
feedback and observations from the library staff within the makerspace.
This case study research undertaken in the library makerspace sought
an interpretive understanding of users’ experiences of participation. This
was a qualitative study that responded to two research questions:

+ How do university makerspace adult users actively engage with the
space and its activities to enhance their learning outcomes?

+  What can adult users own experience of participation tell us about
the value of using the makerspace for research, course curriculum,
and extra-curricular as a framework for growth underpinned by

andragogy?

'The study employed a visual research method during the data collection
phase to explore users’ insights. Visual methods in qualitative research
rely on visual mediums, such as photographs, to create data and meaning,
The method chosen was a visual elicitation method (Orr et al., 2020),
similar.gp photo elicitation and photo voice methods, including a visual
element in our methodology aligned with the nature of the makerspace
itself, as the makerspace is a tactile and hands-on environment that
involves visual outputs, A purposive and convenience sample was used
in this case study, with participants selected based on their sustained use
of the makerspace for course curriculum, extra-curricular, or research
purposes.

Four semi-structured interviews were conducted, with three student
participants and one academic staff member. Two student participants
had been introduced to the makerspace through their coursework and
proceeded to do professional placements within the makerspace. A
third student used the makerspace for extra-curricular projects, which
included personal projects and community-based volunteering work. The
thirty minutes interviews were conducted online via Zoom. These partic-
ipants were invited to share visual media to describe their makerspace

_ —
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use at any stage. This could include photos, objects, designs, or any other
visual media. It provided a unique way for participants to participate in
the interview and share work that was meaningful to them and how they
engaged with the space. Throughout the interviews, the visual research
method helped to guide conversations about projects and the context in
which they existed. The shared objects and visual media also provided
the opportunity for reflection during the interviews. This helped the
participants to connect the outputs of individual projects to the skills,
knowledge, and support that had contributed to them.

Section 3: The outcome — perspectives of
student, staff and the author

University ethical clearance was given before the original research
started. Four semi-structured interviews were conducted via Zoom, with
three student participants and one academic staff member, In this case
study, the author was given permission to analyse the pre-existing data
set. All the excerpts below are from the student participants taken from
the pre-existing data set, unless otherwise indicated, for example (Staff

participant),

Experience

Stewart (2021) claimed that adults’ existing knowledge bases and life
experiences make them more likely to be doubtful of new information,
they learn best by testing new ideas. Burke (2015) stated that prob-
lem-based learning problems and activities are excellent ways for students
to build and strengthen their knowledge. Yet, often students and staff
in our study experienced initial hesitancy or apprehension in using the
university library makerspace. This was coupled with curiosity and a
feeling of wanting to be involved and experience what was on offer:
< and not being able to go in there without. . .thinking that I'm intruding. ..
to be honest, I thought it was...like part of the Creative Arts...and I
didn’t really bave anything to do with it for a long time".

In addition, an academic staff participant felt more confident in the devel-

opment of his own skills:
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«  “"We just started off really simple, and then, probably about six months
later, I bought my own 3D printer” (Staff participant).

«  "And T've always been a problem solver, I think that's in my nature.
And I'm crafty as well. So it has really, it’s just, it’s given me so much
more to do with that, which has been really great” (Staff participant).

Thus, the participants’ initial hesitation changed to being confident
makerspace users.

Self-directedness

A mature learner’s self-concept moves from:

“one of being a dependent personality toward one of being a self-di-
rected human being...Since adults are self-directed, instruction should
allow learners to discover things and knowledge for themselves without
depending on people. However, learners should be offered guidance and
help when mistakes are made” (Pappas, 2013),

The willingness of maketspace users to share expertise created a positive
and participatory environment, Adult learners are inclined to descend
more toward learning experiences that offer some sort of social develop-
ment benefit (Pappas, 2013). There was an understanding that:
+  ‘everyone that goes in there is willing to help everyone and listen to
what you're doing and give you their ideas”.

Makerspace provided an opportunity to develop social and reciprocal
connections based on a shared interest and experience. This allowed for
connection outside of one’s own academic program, encouraging input
in projects from students with different academic backgrounds and
new sources of expertise and knowledge. Thus, the makerspace may be
conceived as an informal social learning space where students can meet
new people. Some students responded that the makerspace is:

+  “a place to meet up with other likeminded students wanting to make

things”

+ "I mean, you go in with the idea of what you want to do but being able
to bounce the ideas off (the coordinator) or if she’s not there, another

?—_”*
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person that's in there. Yeah, collaborative, you know, getting everyone’s
opinion’”.
[rrespective of whether discussion and problem-solving were collabo-
ration, this sharing of knowledge and community was described by all

stud ; :
nity connection. Being able to “bounce ideas off”, “get input’, or receive

“ongoing advice from peers or the coordinator”. Furthermore, one student

ent participants. The makerspace was experienced as a site of commu-

participant described how, as a science student, “talking to someone that’s
an engineering student that I really wouldn'’t cross paths with otherwise at the

university. That's really nice”.

The learners need to know

Bouchrica (2023:1) cleatly stated that “adult learners have the need to know
the value of what they are learning and know the why's bebind the need to
learn them”. Sometimes a barrier to participation included understanding
the purpose of the makerspace. Students using the makerspace recog-
nised its value in contributing to their skills development. One student
who had undertaken their course placement in the makerspace expressed
the value of what was learnt: “Tt really has been invaluable — it’s given me
o whole new set of skills”. Importantly, comments from other students
identified the need to know the value of their learning:
+ “Initially, I went into this thinking I would do pre-med and go into
med...or even research, but this bas taught me a lot about how tech-
nology and science really work together to create things that really help

people”.

o “I didnt expect this to now be such a big part of my life, where you
know, nearly every day I'm thinking about what I can print, what I
can design, what, how I can make something better for, for my son, for

my husband, for my parents for gardening, and like I can make a tool
for that, Yeab, it's made a huge difference, and I didn't think it would”,

+ “So it really has changed and had a big impact on so many different
parts of my life”.

+ “So it's not something that you can see a lot in the space right now
in that space that [ work in. So having that element of technology in
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science and seeing how everything works out is, like, really cool”.

Thus, the participants became aware that they needed to gain more skills
and acknowledged the benefits of hands-on learning,

Readiness to learn

Adult learners usually fund their own learning or are sponsored by their
employers; they still study by choice and are ready to learn. This makes
them more attracted to study (Pappas, 2013). Students responded as
follows:

« T yse the space as a way of taking a new perspective on things”.

«  “Soit’s given me a lot of hope in my life decisions in a way to help me
see that what I've done in my placement it is something that I could do
in the future”,

+  “...going from an idea, translating it onto the computer, and then
getting something physical at the end”.

o I learned how to take, take basically an idea from your head, or
maybe like a little sketch that youw've drawn, turn it into a model on the
computer, and then turn it into something physical that, you know, now
Lye got, and I can work with”,

+  “Now I come home, and I have a whole new take on problem-solving...
around the house”.

«  “It's led me to where I have now, with my honours”,

In this way, the above participants acknowledged the importance of
working hard to be successful. They realised that taking part in maker-
space activities of their own choice motivated them while they took
control of their learning and lives.

Orientation to learning

For adult learners, the orientation to learning is for immediate use rather
than future application. The learning orientation of adults tends to incline
towards focusing on the problem or the cause of why a problem emerged
(Bouchrica, 2023). Students and a staff member responded as follows:
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. “My accommodation doesn’t have much in space other than some
hanging space. So I made a piece that can go onto a hanging line that
interlocks...it’s designed so it can easily hold any pots and pans or

such”,

. “I didn’t want to damage anything in the place I'm venting. And I want
something that would both fit but also be both casily reusable, easily
modified”,

. “For work, a lot of it is just about improving productivity...Like they're
not exciting things, but they make our work projects just go a little bit
better”. (Academic participant)

. “..to be bonest, I was just like, I just need to get this placement out of
the way so I can graduate”.
+ “T'm very study driven...so it was driven by placement and studies.

»
+

So...not really driven by creativity, unfortunately

These comments clearly indicate that the participants saw the future
as now, and that their alignment with learning was learner-centred and
problem‘centred, where they could apply what they were learning,

Intrinsic motivation

Adults are more motivated by internal personal factors rather than
external pressures. Intrinsic motivation gives adult learners choices
instead of making an activity a requirement. The following excerpts from
the student participants expressed their intrinsic motivation:

«  “And then [the Coordinator, Community Engagement] had mentioned
that you could do a couple of free prints as a student. So there were a
few of us that were, like, some awesome stuff. Let's go back and find
something. ..then that was how it started”.

< “Itend to use the space as a way of taking a new perspective on things.
That's actually why I came up with the design... for the hanging
hook...”.

« T wanted to go back because I was excited for it. But you know, seeing
the 3d printers and all the stuff she has there. It’s a little bit like..I'm
not gonna know how to do this”.
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These comments demonstrate that the participants engaged in the library
makerspace activities because they wanted to, due to personal growth
and development. The ‘Build a Bot’ workshop is a two-day, project-based
workshop where participants can design and build their own robot char-
acter. Some of the student participant feedback for this session included
the following:

«  “This course was really challenging, I am so glad I came along. I am a
little bit amazed that I learnt how to do (what I consider) to be pretty
bard stuff. Thank you for supporting the development of my self-efficacy.
I really achieved some great success. Even more importantly, I actually
have developed the crazy belief that I can do it, I have enough base
knowledge to get started to develop further I can actually do robotics!”.

«  "The design thinking activities were truly transformative for my prac-
tices. Your task was extremely engaging, open-ended and supported me
to use my creativity and reflective thinking. I don’t think I would have
gained the knowledge I have now if I had not been able to explore and
experience like you supported us to do”,

+  “This workshop I was so nervous about because it was like nothing I
had ever done before. But thanks to you I did get it, I understood, and
I feel much more confident teaching these curriculum objectives and
@hoss-curriculum priorities now. I feel as though I could now Including
more learning using the same framework in different curriculum areas”.

Thus, although the participants found the workshop challenging and
engaging, they learnt from the hands-on experience and became confi-
dent in their own skills and abilities.

The Future Makers Entrepreneurship Workshop is a business-skills
focussed session where students learn lean start-up methodology to create
their own business or side hustle, Feedback from this session included
the following:

+ "My favourite part of the workshop was the lean methodology to figure

out MVP and ‘see how it sticks’ attitudes. Allows me to try lots of
things but know how long to try before moving on’”,

«  “Thank you very much for doing this. It has opened my mind up to
different opportunities and ways of thinking. I have more confidence to
try different things with the lean methodology”.
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These findings are parallel to those of van Rensburg and La Thanh
(2021:149), who also found that “students tend to have a positive attitude
toward using technology”. The skill-sets gained by the students in our study
sit within the categories of Knowles' theory of andragogy (Knowles,
1984), and they are:

+ Experience

+ Self-directedness

+ The learners need to know
+ Readiness to learn

+ Orientation to learning

+ Intrinsic motivation

Thus, the study has shown the value of incorporating Knowles’ six prin-
ciples of Andragogy into a library makerspace to develop students’ skills
and attributes as learning outcomes.

Section 4: Moving forward

Makerspaces are agents of change influencing how educational stake-
holders conceptualise learning, how they engage in designing and
facilitating learning, as well as how technology is used in teaching and
learning (Peterson & Scharber, 2018). Along with the venture into the
infrastructure to support and enhance student learning and outcomes,
the university library makerspace strives for the best possible design and
to facilitate authentic learning experiences. Through illustrative exam-
ples, makerspace staff seeks to acknowledge strategies and challenges
encountered in supporting robust learning through making, Lock et al.
(2019:9) echo this by stating: “Design and creativity are making their way to
the forefront of educational considerations, and Makerspaces can address the
needs of the future”. van Rensburg and Piper (2019:14) also note the benefit
of including and combining makerspace activities in adult education:
“Makerspace can be used by all educators and students...and it is a creative
and collaborative way to transform teaching and learning...with many bene-
ficial and positive effects for all the stakeholders”. These exemplifications tie
in with Knowles' (1984) six-concept approach to adult learning, namely
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experience, self-directedness, the learners need to know, their readiness
to learn, their orientation to learning, and intrinsic motivation as student
learning outcomes.

Ludwig et al. (2017:33) identified that STEM students in their study
achieved their “course objectives when engaging in makerspace activities by
creating tangible solutions to health-related problems”, Their students could
recognise and learn capabilities — as their learning outcomes — that
will be significant in their future work, This links to the future expansion
of the university library makerspace, where there will be more physical
space for curriculum engagement across a wider variety of subjects with
different equipment available as the space expands. For example, food
science students may use food 3D printers, ot future materials research
students may be able to use the makerspace to try out new plastic recy-
cling techniques. A larger makerspace will benefit all the stakeholders
across the university community, allowing for organic cross-collaboration
and serendipity in networking and learning. More leadership positions
will soon be available for students, allowing them to teach other maker-
space users skills and gain more advanced skills. Having students as
partners with makerspace skill delivery will make it more accessible for
new first-time users and should give the space a closer connection to
respond to users’ needs,

ln future, there may be more interplay between vocational studies
and’tertiary studies, bringing together hands-on skills with the technical
and theoretical aspects as the world becomes more integrated with online
connectivity, [T (internet of mymini) and automation.

Conclusion

We have shown in this chapter that makerspace can successfully engage
students in many different areas of study within higher education.
Makerspace hands-on activities improve students’ skill development and
eventually allow them to work unaccompanied and confidently. It can
assist in empowering motivated, self-directed, and experienced adult
learners and educators to achieve positive outcomes in self-chosen activ-
ities whenever they are ready for this hands-on learning, Makerspace
gives students the opportunity to gain skills and experience that may
not be part of their curriculum, yet make them more employable upon
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completion of their studies. Makerspace can be use,
outside classes, work or home where participants c;

Jearn together. New collaboration across study areas

and the public can be formed to increase social con
community. Interactive practices in makerspace requa.
between educators and students using technology to deliver eXClItnay,
and positive outcomes for all participants. Following Malcolm Knowles’
six-concept approach to adult learning, andragogy is the underpinning
framework of this chapter: 1) experience, 2) self-directedness, 3) the
Jearners need to know, 4) readiness to learning, 5) orientation to learning,
and 6) intrinsic motivation contributed to practices that derived positive
Jearning outcomes for all. The findings of this study could successfully
be applied to many different disciplines in higher education. Experiential
learning, the process of learning by doing, is used to connect theories and
knowledge to real-world situations. We conclude by stating that learning
and “life is a journey, not a destination” (Branch & Wernick, 2023 in this
book).
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