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Co-designing a conceptual controlled 
environment agriculture (CEA) model inside an 
Australian maximum-security prison: A research 
framework
S Vaughan1, Christian Tietz1* and Mariano Ramirez1

Abstract:  This research paper presents the framework for a research study that 
aims to define and evaluate the design requirements and the related feasibility of 
a controlled environment agriculture (CEA) system concept within a maximum- 
security prison in Australia. A co-design methodology will guide the study so that 
the views of a broad range of stakeholders can contribute to the conceptualization 
of a CEA farm system that is appropriately suited to correctional settings. The 
unique aspect of this research lies in the application of a bottom-up consultative 
process involving both prison administrators and inmates. Stakeholders will initially 
be asked to consider what CEA typology would be most suitable for a prison 
environment and then use this as a basis for developing a more extensive system 
design. As open-field agriculture represents a lower-cost alternative to CEA, this will 
also be considered to complement CEA. The co-design sessions will run in tandem 
with current growth trials of lettuce within the prison environment using different 
growing environments. The research is aimed at assisting to reduce the impacts of 
climate change, by growing produce locally. Growing produce within the prison 
walls reduces food miles and improves the nutritional quality of produce, which 
benefits longer-term inmate health. Growth trials that complement the co-design 
study are aimed at evaluating the ease of use for each of type growing environ-
ment. This research contributes significant new knowledge for the application of co- 
design in prisons, aimed at developing implementation guidelines for a CEA eco-
system that would supply fresh vegetables to pre-cooked inmate meals. The 
researcher has a unique perspective as an inmate. Outside community groups 
wishing to try CEA may also benefit from this study.

Subjects: Design; Criminology and Criminal Justice; Energy; Landscape and Sustainability; 
Inclusion and Special Educational Needs 

Keywords: co-design; participatory design; controlled environment agriculture; 
sustainability; prisons

1. Introduction
This research represents an approach that could inform improvements to the diet, health, and 
well-being of inmates in maximum-security prisons by asking stakeholders to co-design as 
a community. CEA is a controlled approach to growing produce which typically involves various 
types of growing environments such as Plant Factories Using Artificial Lights (PFALs), using 
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a vertical farming format and Greenhouses. External environmental conditions are almost negated 
in CEA and many crops can be grown year-round with a high consistency between yields. 
Participatory design techniques will be used in specially developed co-design sessions to help 
generate concepts for a CEA system design for use in prisons. It is intended that the prisons will 
produce fresh vegetables using CEA. The locus of this case study is a maximum-security prison for 
sentenced male inmates in regional New South Wales (NSW), Australia. The primary author of this 
paper is a product designer-researcher who will help guide and develop technical design solutions 
that may benefit both inmates and prison officers through specially developed focus groups that 
employ a co-design methodology. The co-design methodology is intended to elicit design concepts 
that have greater desirability, feasibility and viability for stakeholders, based on design elements in 
the Human Centred Design Toolkit (IDEO, 2011). Intended for community-based projects, this 
toolkit can assist in guiding co-design teams towards meeting the needs of participants in new 
ways and by ensuring that innovative design solutions are based upon genuine needs. This enables 
projects to be conceived while being grounded in the needs of the community, but with a focus on 
ensuring the long-term success of the project. Undertaking this task will involve applying IDEO’s 
“three lenses of human-centred design”—namely, desirability, feasibility and viability—to categor-
ise the strengths and weaknesses of the proposed design concept (IDEO, 2011).

A range of stakeholders from prison inmates to prison officers will develop solutions based on 
“real-world” parameters. The designer-researcher, who is also an expert designer, will guide the 
co-design sessions. It will be beneficial to allow the co-designers within the focus group sessions to 
generate and develop their ideas with autonomy. This may mean that participants will have 
a greater level of investment in their conceptual ideas, allowing richer design solutions to evolve. 
Human research ethics approvals were obtained from both the NSW Corrective Services Ethics 
Committee (CSEC) and the University of New South Wales Human Research Ethics Committee 
(UNSW HREC). Both ethics committees were committed to the principles of diversity, equity, and 
inclusion in research participation, and required that potential participants be recruited from 
a range of cultural and ethnic backgrounds. One of the conditions of approval was to ensure 
that all participants felt comfortable openly contributing their thoughts and ideas during the mixed 
co-design sessions with both prison officers and inmates. The considered and empathic facilitation 
of the co-design sessions will help minimise any pre-existing power imbalances.

The ethics application for this study involved describing how a participatory design approach, 
where multiple participants provide inputs during the conceptual design phase, could succeed. The 
research team needed to demonstrate that the co-design sessions could be conducted in an 
ethical, safe, and collaborative manner and without coercion. Questions asked within the co- 
design sessions needed to be inclusive, and the facilitator must skilfully manage the sessions to 
ensure that all participants freely took part and that no coercion occurred. This approach is 
beneficial to proposing and creating new possibilities for new-generation manufacturing business 
units within the case-study prison.

Currently, fresh produce and cooked meals are often transported over large geographical areas. It is 
not unusual for NSW prisons to be located 500 km from a metropolitan food distribution hub. Once the 
inmates’ meals have been cooked in centrally located cook-chill facilities, they can be refrigerated for 
days and in many cases could be stored for weeks before being delivered to inmates (Mathews, 1990). 
Inmate meals are not delivered fresh and meals for dinner service are often reheated many times before 
they are finally consumed (Williams et al., 2009). Dinner meals are typically cooked in a metropolitan 
kitchen in an aluminium foil tray by thermal pasteurisation (Peng et al., 2017) and delivered to prisons 
weekly. As inmate accommodation pods in NSW prisons often have kitchenettes equipped with micro-
wave ovens, meals can be re-heated by inmates for a third or fourth time after at least two periods of 
refrigeration. The meal preparation, cooking and delivery process is shown in Figure 1.

A previous study across 8 countries revealed that 42% to 75% of male inmates gained weight 
and increased their body mass index (BMI) during their incarceration (Choudhry et al., 2018). AS 
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previous studies have noted, there is a need to identify the health needs of inmates and to develop 
appropriate health improvement programmes for inmates (Smith, 2000). In the same context, it is 
important to ensure that health concerns comply with all the administrative, safety and security 
concerns of prisons.

Aside from analysing the nutritional aspects of prison food, this research will look into how 
prison administrators consider and assess new technologies when prisons have traditionally been 
viewed as conservative and bureaucratic systems (Jewkes, 2007). The co-design aspect of the 
study is key to understanding the stakeholders’ needs and how novel technologies such as CEA can 
seek to address those demands systematically.

Figure 1. The typical meal pre-
paration, heating, storage, re- 
thermalisation and delivery 
process in NSW prisons. 
Author’s illustration.
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The research problem has been studied using existing literature derived from prison food 
production, therapeutical horticultural programs in prisons, and agricultural food production 
using CEA. The concept of health improvement programs in prisons is part of the literature review 
for this research. To avoid possible failure and expense, poorly conceived health programmes in 
prisons need to be considered comprehensively, rather than developed solely based on normative 
needs (Smith, 2000). The research problem is concerned with improving the supply and nutritional 
quality of fresh produce in inmate meals. There exists an opportunity to improve the nutritional 
quality of produce grown within the prison walls by creating CEA farms. Inmates in NSW prisons 
seldom have the opportunity to eat freshly picked produce or benefit from the higher levels of 
nutrition that are derived from fresh produce. Inmates and officers can potentially benefit from an 
improved diet that is richer because fresh produce can become available at their prison of 
classification. CEA is a stable and efficient way of producing fresh produce because there is less 
reliance on growing seasons when the environment is controlled. The adversity found in seasonal 
variations, rain or drought, and frost is far less important in CEA. Technological advancements have 
meant that CEA is an efficient method of fresh production, although there is a wide range of 
technologies available. Prison administrators struggle to identify what is the most suitable CEA 
typology to deploy into prisons, and manage demanding security protocols with each business 
enterprise that is adopted. For this reason, designed systems need to incorporate a wide range of 
stakeholder demands.

CEA can become the vehicle for reliable vegetable production, thus reducing food miles through 
the elimination of refrigerated transport. Sustainability is an important aspect of the research. 
Fresh produce that has not been held in refrigerated storage and that is picked fresh are perceived 
to be of higher nutritional quality. The novelty in this research study is concerned with adopting 
a co-design approach to the research problems by harnessing what amounts to decades of first- 
hand experience that the participants possess in this case. The intimate knowledge that partici-
pants have concerning the food system in NSW prisons can be viewed collectively. Having both 
inmates and officers participate in the same focus group sessions can assist to clarify competing 
concerns and develop a hierarchy of design considerations that are situated in the real world. As 
funding has been gained for this study, the participants will be able to see their solutions realised 
in the form of a working business unit that will supply fresh produce on-site for the case-study 
prison.

2. Literature review
The co-design sessions have been developed and structured based on other successful prison- 
based co-design studies. One such inspiration is the Makeright program that was run in the United 
Kingdom, which involved inmates designing a range of anti-theft bags. The project was so 
successful that it evolved into a retail store in London that sells the products that have been 
designed and developed by inmates and former inmates (Gamman & Thorpe, 2018). In the context 
of this research, CEA and urban horticulture initiatives are being considered to not only reflect on 
how a community of inmates can benefit from fresh produce but also to learn how co-design using 
participatory design techniques can be deployed to give inmates and officers a sense of purpose 
and ownership through their contribution to the process.

Another co-design study that was run in a women’s prison in Iowa, USA, sought the collabora-
tion of inmates to remodel a sterile visitor garden space, inviting them to input their ideas to make 
the space more child-friendly and more home-like, to improve its affective experience and to 
promote better parent-child interactions (Toews et al., 2020). Research also demonstrates that 
natural environments such as garden spaces restore attention and mitigate stress, which has 
particular implications for prison environments which are often regarded as highly-stressful envir-
onments (Kaplan, 1995; Toews et al., 2020; Ulrich, 2002; Vanaken & Danckaerts, 2018). There are 
tangible design outcomes for incorporating urban horticulture into prisons, which can be viewed 
positively through the lens of wanting to improve sustainability through environmental and social 
actions. Designers understand that the design of a space has a strong human health aspect that 
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can be an important contributor to curing illnesses, both mental and physical (Jewkes, 2018). For 
example, prison gardening initiatives that were developed through the GreenHouse Program at the 
Rikers Island Jail Complex in New York have revealed a reduction in the recidivism rate of offending 
by 54% (Sander, 2015).

Using design as a tool for collective benefits as previously mentioned, analysing community 
gardening programs, and using co-design principles in this research study provides a coherent 
justification for this research. Relevant principles from community gardening that apply to co- 
design were also studied by McGlone et al. (1999), who found that not all benefits apply to 
community food studies generally and stated that there is a clear difference between those 
managed top-down and those more successfully managed bottom-up (Firth et al., 2011; 
McGlone et al., 1999). Key to this study is arriving at design solutions that leverage the expertise 
and the inherent design knowledge that may already exist within the prison community. Such 
expertise can be found by including prison officers in the co-design process who often have long- 
term experience working in prisons and who are deeply embedded in the system. Similarly, the 
same contemporary knowledge can be found among inmates, who have years of collective lived 
experience in the same prison environment.

Even though the research participants in this study may be considered novice designers, they 
understand which of the proposed design solutions may work and which ones may not be 
applicable in correctional settings, and it is important for a working design solution to elicit and 
utilise this type of feedback and experience in the design process. Finding creative, artful, and 
productive forms of participatory design in the prison context is particularly important to help build 
empathic and resilient communities. Corrective Services New South Wales staff and inmates at the 
case-study prison seem to be very open to a co-design approach to new research studies. When 
the idea of a prison-specific CEA farm was proposed by the designer-researcher, many officers and 
inmates openly expressed their interest in becoming involved in a study that they viewed as being 
both mutually and socially beneficial. Dozens of inmates responded positively to the invitation to 
participate, exceeding the number of available places.

Participatory design techniques such as prototyping, storytelling, photo elicitation, and prompt 
cards will be used to aid in running the group co-design sessions. The resulting co-design processes 
of “thinking together” and using participatory design techniques can become a key part of mean-
ingful “communities of practice” (Pyrko et al., 2016). When people unite they can mutually guide 
each other through their different understandings of the same problems in their area of mutual 
interest, and by doing this they indirectly share tacit knowledge (Pyrko et al., 2016). When 
community studies involve all stakeholders, they can significantly become more successful than 
less participatory ones (Bonow & Normark, 2018; Firth et al., 2011; Samaddar et al., 2019).

Most prisons in New South Wales have industries-based business units with manufacturing 
capabilities. Therefore, the co-designed solutions can potentially be realized from functional pro-
totypes right through to large-scale commercial production units. In this sense, a creative path in 
this study has the potential to adopt learnings from the co-design sessions that will flow into the 
prototyping process and that have the potential to inform the commercial manufacturing of future 
CEA units. Such endeavours could eventually transform into viable business units, where inmates 
could gain experiential industry-based learning experience whilst beneficially gaining an insight 
into the cyclical natural processes of growth, blossoming, die-back and germination (Viljoen & 
Bohn, 2014).

The implications of carbon dioxide emissions are an important consideration when developing 
new business models for use in prisons. CO2 emissions can be reduced by growing vegetables on- 
site and by minimising the refrigerated transportation of fresh produce across all NSW prisons. 
A single trip from a metropolitan area to just one prison in NSW can result in a return trip range of 
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over 1000 kilometres, so making adjustments to the whole system design of the supply of fresh 
produce can have enormously positive sustainability impacts.

Considering the impact of healthy energy systems on CEA business models is another important 
impact of this research. Previous research has demonstrated that transitioning to clean energy by 
just 1% can decrease the environmental footprint by 0.027385% (Khan et al., 2022). Decentralised 
methods of fresh produce production can help to realise organisational sustainability goals for 
prisons, as they also transition towards a neutral or zero-carbon model. Prisons can by considering 
CEA technologies, seek to address the core aspects of the energy trilemma, which are affordability 
and access to energy, energy security, and environmental sustainability (Khan et al., 2022). 
Addressing the energy trilemma can assist prisons to build a foundation for future prosperity 
and business competitiveness within the fresh produce production marketplace (Khan et al., 2022).

CEA and greenhouse production methods have the potential to assist prisons to gain energy 
security in the current worldwide climate of economic volatility and inflation, by reducing fresh 
produce procurement costs where they control production costs rather than being at the mercy of 
market price fluctuations. CEA offers a relatively short return on investment times for prisons 
wishing to transform their fresh produce supply chain by decentralising production. Access to 
reliable and affordable energy is an important consideration for prison operators who may wish to 
consider CEA. In this respect access to clean and affordable energy will become a much higher 
priority for prison operators wanting to transition to using new technologies such as CEA, which 
will likely be driven by environmental sustainability policies (Khan et al., 2022).

The whole system design of CEA in prisons needs to be carefully considered in the early phases 
of design to ensure that prison infrastructure of this type does not contribute to higher waste 
generation, increased total utilization of energy or higher levels of pollution (Dagar et al., 2022). 
Co-design must become a vehicle to carefully analyse every aspect of the CEA production process 
in prisons, from sustainable operations in growing environments to packaging goods and final 
delivery to inmates ready for their consumption. Avoiding greenhouse gas emissions derived from 
fossil fuel consumption and economic growth is another important consideration for prison 
operators who may wish to develop CEA farms with case study prisons (Dagar et al., 2022). Most 
greenhouse operators constantly struggle with the battle to cool and heat greenhouses through-
out the annual seasons, which has brought about significant research in this area. Research 
studies into climate control systems for greenhouses have found that basic climate control 
systems such as shade cloth systems used externally above the transparent glass or polycarbo-
nate panels can dramatically reduce temperatures in greenhouses in hotter seasons. Geothermal 
systems can be used as simple and low-cost alternatives to using fossil fuels to heat greenhouses 
in winter months. Such systems can be installed in the ground below the footprint of a greenhouse 
structure and represent an efficient use of land that greenhouses are built upon.

Early greenhouse trials at the case-study prison have used a 100% renewable energy source, using 
solar panels and battery storage to drive the pumps that are required in the hydroponic flood and 
drain system used and to power the small fan that is required for providing a constant air exchange, 
thus avoiding fossil fuels altogether. Lettuce is the main crop that the growth trials are being 
conducted on because trials involving lettuce have been highly successful even when temperatures 
have reached close to 30 degrees Celsius. Some varieties of lettuce are more tolerant to higher 
summer temperatures, with fewer issues found with cooler months which lettuce is ideally suited to. 
The same early trials have found that new-generation fans that are used for air exchange, can also be 
successfully used with simple cooling methods using retractable shade cloth coverings or evaporative 
cooling panels. New generation extraction fans used for cooling and air exchange in CEA systems 
have RPM controls which can automatically increase in speed as greenhouse temperatures increase 
through daylight hours, but that decrease when temperatures become lower, providing a new 
method to reduce energy consumption. As Dagar et al. (2022) suggest, the degradation of the 
environment will be decreased in the long run if the direction of real GDP growth for nations is 
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towards greener technology. CEA can provide the ideal settings for prisons to implement so-called 
greener technologies, by carefully selecting cleaner production techniques for CEA and by reducing 
emissions from the refrigerated transport of fresh produce to prisons from metropolitan areas.
3. Methodology
This study involves co-design, which is a methodology that will be used to best determine the 
requirements of a CEA system for use in NSW prisons. A co-design methodology has been selected 
for this study as it is a method that can be used to develop transformational learning for prison 
inmates, and build resilience and entrepreneurship skills (Gamman & Thorpe, 2018). By developing 
design thinking skills with end users in mind, inmates can build positive social understandings 
useful for life outside prison and help them develop entrepreneurial skills (Gamman & Thorpe,  
2018). It is also important to apply design thinking strategies related to democratising innovation 
and learning through doing which are central themes in co-design methodologies (Gamman & 
Thorpe, 2018). Human-centred design considerations and design for sustainability principles are 
primary considerations. The case-study prison is a maximum-security prison in New South Wales 
where the designer-researcher is an inmate who is currently working on his PhD project. The 
researcher’s lived experience in the prison helps to facilitate access to the co-design participants. 
This case-study prison has a high-level security overlay which is typical of most maximum-security 
prisons in the world. The prison currently has a small horticulture plot where selected inmates 
grow seasonal vegetables for their consumption. TAFE NSW, a state-owned vocational training 
provider, operates a campus within the prison, awarding various trade-specific competency qua-
lifications, including a TAFE Certificate Level II in Horticultural Studies and a Traineeship in 
Horticulture. These factors have helped to establish and situate this study at the case-study prison.

The research journey in this study will begin with a literature review, as shown in Figure 2, 
followed by a series of co-design focus group sessions. The CEA design concepts for maximum- 
security prisons will then be ideated in these focus groups by the participating co-designers. The 
culmination of the co-design focus groups will result in the design of a conceptual vertical farm 
system design and the development of a range of small-scale working prototypes. It is intended 
that the final design solution will become a larger-scale working farm that will benefit horticultural 
students as a teaching laboratory. Initially, the focus will be on producing a smaller range of 
vegetables, such as lettuce, capsicum, cucumbers and tomatoes. Expansions to incorporate 
a broader range of produce will be considered after the bedding process is complete. Smaller 
prototypes will be developed to test growing environments based on the outcomes and recom-
mendations of the focus group sessions.

The study framework comprises four stages. Each stage sequentially flows to the next. All stages 
are interrelated except for the final Stage 4.

Stage 1 comprises the review of related literature.

Stage 2 represents the co-design focus group sessions and individual interviews, where the 
design brief for a conceptual CEA system model at the case-study prison will be developed and 
iterated a further three times. A combination of 2 groups (A & B) comprising 3 officers and 6 
inmates will participate in the co-design sessions.

Stage 3 includes the physical prototyping phase, which will test the design principles and 
theoretical concepts developed in the co-design sessions.

Stage 4 embodies the conclusion of the study where guidelines for prison operators wishing to 
consider the implementation of a CEA farm are developed and proposed. The outcomes are then 
fed into a full-scale working farm using CEA principles on the same site as the case-study prison. 
This will enable participants to see their design concepts realised and participate in the build 
process.
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The research will take place in the second year of the designer-researchers PhD journey, with the 
studies due to conclude in early 2024. Participants will be recruited via a flyer distributed to staff 
and inmates within the case study prison.

The flyer is written using plain language descriptors and details the research objectives as 
follows.

(1) Participants will help determine what Controlled Environment Agriculture or vertical farm 
typology is the most suitable for NSW prisons.

(2) Guided by co-design (using empathy), the designer-research will construct a series of small- 
scale working prototype CEA farms based on the outcomes of the co-design sessions.

(3) Participants will be invited to determine what system design, construction, cultivation & 
management guidelines need to be developed for NSW prisons and the large-scale farm 
that will be constructed at the case-study prison.

Figure 2. Framework represent-
ing the four phases of the 
study. Author’s illustration.
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The flyer will detail why a co-design method has been chosen as follows; You will be able to have 
your say, through the process of co-design, in how the design and operations of a proposed future 
vertical farm at Macquarie could be. Having a team co-design solutions with people from that 
community can be a great way to leverage

local knowledge, this can lead to better-adapted innovations because participants have invested 
resources in their creation. This method is useful when the politics of the community require it & 
when solutions from outside can’t be easily adopted.

The research methodology and literature review are summarised in Figure 3. The experiences of 
the designer-researcher and the lead facilitator bring extra skill sets to the co-design sessions to 
better connect with participants. The lead facilitator is also an inmate, with a background in design 
and metal fabrication. Skilled designers can bring a wide range of design research tools to the co- 
design process including “making tools” such as collages, maps, models, and mock-ups (Ferguson 
& Candy, 2014) and it is intended that maps and collages will be used in the focus group sessions. 
The designer-researcher and the lead facilitator, understand the culture and group dynamics that 
exist at the case-study prison. Not all inmates may feel comfortable speaking in a group within 
a prison environment, however, knowing that the designer-researcher and the lead facilitator are 
fellow inmates might help relieve any discomfort they experience and enable them to openly 
articulate their honest opinions and contribute their design ideas. Understanding the social under-
currents at the case-study prison means that their genuine needs can be considered and under-
stood from the outset by the designer-researcher.

This research is innovative because it is set within a maximum-security prison and uses a co- 
design methodology to evaluate CEA methods for fresh produce production in prisons. The lead 
facilitator for the co-design sessions, who has volunteered his time, is an inmate with 
a background in running public speaking workshops at the case-study prison. The experience 
and background of this inmate along with the designer-researcher will be used to elicit truthful 
opinions and insights from participants. The case-study prison has an Inmate Delegate Committee 
(IDC) which meets monthly and is a forum where inmates can contribute their concerns and 
propose solutions to overcome issues that arise within the prison. In this sense, there is a history of 
inmates here being openly able to propose and contribute ideas towards the improved operation 
of the prison. This is essentially a perpetual process of improvement and is considered fairly unique 
at the case-study prison.

Figure 3. Framework represent-
ing the four phases of the 
study. Author’s illustration.
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In this study, a completely new and adapted method of CEA to produce leafy greens, tomatoes, 
cucumbers, capsicums and in the future—berries will be considered for supplying the produce for 
use in the inmate meals. The benefits of this system include the reduction of health costs through 
making nutritional improvements, and the enhancement of operational safety in the prison by 
positively influencing the behaviour of inmates through improving their diet (Cerbini 2021; Bourn,  
2006; Smoyer & Minke, 2016; Stanikowski et al., 2020). Additionally, by growing fresh produce 
within the prison walls, contraband items entering the prison via fresh produce deliveries can 
potentially be minimized or eliminated.

3.1. Phase one
The study timeline, as illustrated in Figure 4, sets out the trajectory for the 3-year study period. The 
first activity in Phase One of the co-design journey involves a review of responses to a series of 
questions contained in a question-and-answer booklet that participants will receive before starting 
the first co-design session. The first task involves ideating a proposed CEA system design via 
a whole system mapping exercise. In this 90-minute session, the designer-researcher and the 
lead facilitator must both approach the co-design session carefully to elicit responses with the 
foresight to anticipate any organisational cultural barriers that might emerge. People might differ 
in their views regarding vegetable choices for example, and in their belief systems on health and 
wellness. Ethnocultural groups may be oppositional to one another due to different values and 
expectations. From the outset, the co-design sessions need to be handled skilfully and the facil-
itator must seek to acknowledge the uniqueness of the group dynamics and organisational culture 
within the case-study prison. Adopting this approach to the co-design sessions can help to ensure 
that the overall co-design objectives are met.

The first of the co-design sessions will begin with a 15-minute introductory presentation where 
all participants will be provided with an overview of current CEA technologies and typologies. The 
short presentation is intended to assist participants in understanding how CEA functions and to 
demonstrate its respective capabilities and limitations. At the end of the presentation, participants 
can ask questions. As a group, the participants will then respond to a series of open-ended 
questions that were raised in the question-and-answer booklets that participants completed 
before coming to the first co-design session. The questions to be proposed were framed into 
three distinct categories involving desirability, feasibility and viability (IDEO, 2011).

Figure 4. Study timeline with 
phases. Author’s illustration.
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System mapping is important to this study, because whilst various CEA typologies are available 
commercially, the uniqueness of a maximum-security prison environment means that difficulties 
lie in having to resolve all the design problems and complexities that may arise. Challenges arise 
because of budgetary pressures that prison administrators face in delivering new technologies, 
which could benefit them in the longer term. The design complexities that may arise could range 
from sufficiency in security camera coverage to contraband-free delivery of produce to the 
inmates in their accommodation pods. The benefits to designers in mapping the whole system 
also lie in the need to better understand how a system would function in a holistic and financially 
viable manner.

The first focus group session during Phase One will be followed by a further 60-minute focus 
group session, then a design review will occur in Phase Two. During Phase One participants will 
hypothesize a real-world commercial-scale vertical farm operation that could be built inside the 
case-study prison. The subsequent co-design session in Phase Two will occur approximately 14 to 
21 days after the first session, to give sufficient time for the designer-researcher to prepare 3D 
CAD-rendered design concepts. As such, these developed concepts will be based on the common 
design elements identified in the first focus group sessions.

The focus group sessions for both Phases One and Two will run with a total of 18 participants 
divided evenly into two focus groups, A and B. Each focus group will contain three prison officers 
and six inmates. As previously mentioned, the first session will include a CEA system mapping and 
a design ideation exercise where participants will work in groups of three, divided up into groups 
comprising one prison officer and two inmates. The divided ratio between officers and inmates had 
to be determined based on practical grounds to minimise staff attendance hours so the costs for 
their attendance were reduced.

The practical design exercises in the first session will begin with Step 1, as shown in Figure 5, 
where participants will be asked to choose “prompt cards.” The prompt cards will assist partici-
pants in choosing the CEA typology that they believe will be the best fit for the case-study prison. 
These cards enable groups to choose a CEA typology with efficiency. The cards show four different 
types of farms: an indoor vertical farm situated in a warehouse; a small-scale farm type that can 
be located in void spaces within the prison walls; a refrigerator-style accommodation-based CEA 
unit; and a mobile unit that could enable access to live products at its final stage of production. 
The choices in this respect were deliberately limited to ensure that the system mapping would be 
more straightforward. To enable efficiency, key decisions can be made in the system mapping task 
by group consensus if it is agreed by most participants that they feel comfortable managing the 
decision-making process this way. A proven track record exists within the case study prison 
through the Inmate Delegates Committee, where inmates must reach a consensus on given 
issues. However, if the focus group participants fail to reach a consensus concerning the key 
design issues, they can still express their opinions regarding the final proposed system design 
during the final one-on-one interviews. It is anticipated that the designer-research and lead 
facilitator will assist groups to make key decisions based on the whole system design so they 
complete the system mapping task within the session. There is flexibility for participants to choose 
more than one farm typology if this is seen as being advantageous. It will be explained to 
participants that they are also able to consider both open-field horticulture plots, greenhouses 
or indoor farms because combining these options can mean greater financial viability in the long 
term. Participants are not limited to vertical farm types alone; a mix of options may prove to be 
more sustainable in contrast with an indoor farm that typically has high energy demands due to 
energy demands involved in fully controlling the environment.

In Step 2, as shown in Figure 6, participants will be asked to identify two factors relating to what 
people desire. This process is based upon the IDEO Human Centred Design Toolkit (IDEO, 2011). 
Once group consensus establishes desirability, two further categories including the feasibility of 
the technical and organisational aspects of the proposal and the financial viability will be 

Vaughan et al., Cogent Social Sciences (2023), 9: 2188678                                                                                                                                              
https://doi.org/10.1080/23311886.2023.2188678                                                                                                                                                       

Page 11 of 17



canvassed. Descriptors under each heading are broken down into plain language explanations to 
assist participants in better understanding what is required of them in the system mapping task. 
The designer-researcher will have already explained these descriptors in the aforementioned 
presentation of the CEA in the overview.

Once the participants have completed Step 2 they will then be asked to develop a system map in 
Step 3 by working collaboratively on a “design board” and a 2D plan of the case-study prison, as 
shown in Figure 5 will be developed. Undertaking the system mapping exercise in this manner will 
help ensure that the farming enterprise concept is grounded in reality.

During Step 3 “icon prompt cards” as shown in Figure 7, will be used to aid in the generation and 
flow of ideas. Participants will be constrained by time limits, so having these icon prompt cards 
helps to accelerate the system mapping task and will ensure that a range of options and 
considerations are addressed. The icon prompt cards can help spur the participants in the design 
process by offering them hints on the system mapping process requirements. An example of this is 
an icon prompt card for a photovoltaic system that might be used to supply renewable energy to 
the farm. The icon prompt cards are not intended to be an exhaustive list of considerations and 
options, but rather a method to kickstart and drive the co-design exercise forward.

After each group has mapped their system, they will make short presentations. These presenta-
tions will help consolidate each group’s ideas so that the designer-researcher can better under-
stand the proposal and move to the next phase of modelling the CEA farms using 3D CAD (three- 

Figure 5. Four farm typologies 
depicted on prompt cards for 
the first co-design session. 
Author’s illustration.

Vaughan et al., Cogent Social Sciences (2023), 9: 2188678                                                                                                                                              
https://doi.org/10.1080/23311886.2023.2188678

Page 12 of 17



dimensional computer-aided design) and photo-realistic visualisation software. The conceptual 
renderings will be made to appear almost like a lifelike “walk-through” of the conceptual system 
designs that are offered.

3.2. Phase two
The second phase of the co-design focus group sessions is a 60-minute-long design review session 
as previously stated. Participants will be called upon to critically analyse the initial design concepts 
in a structured manner, noting considerations that were developed during the first co-design focus 
group session. The conceptual designs themselves will be used as tools to elicit feedback which will 
be framed as opportunities. By seeking to explore opportunities that participants provide in this 
session, the designer-researcher will be then able to develop a further, second round of 3D CAD 
conceptual iterations.

3.3. Phase three
Once the feedback has been incorporated into the second round of 3D CAD conceptual iterations, 
Phase Three will commence and this will involve presenting these concepts to participants in 
a final one-on-one personal interview. Each interview will last between 15 and 20 minutes and 
will be loosely structured to allow feedback to evolve during the interview process. The framework 

Figure 6. Design board. Author’s 
illustration.
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for the proposed interviews is to look at the final design concepts of the system map to determine 
where improvements may be made.

The interviews are intended to gain accurate feedback from participants who may not have felt 
comfortable expressing their honest views in front of the other co-design participants. This enables 
a further opportunity to review the validity of the CEA farm concept designs and to make changes 
before the concepts are finalised and ready for production in a large-scale working facility. The 
justification for running both group sessions and individual interviews is that it may be possible to 
discover a greater diversity in opinions given, whilst balancing views and opinions in different 
forms of participation. The focus group sessions may also provide conflicting opinions, whereas the 
one-on-one interviews allow participants to express their opinions in a private setting and it is 
hoped that this will assist in refining the conceptual designs. The feedback from the co-design 
sessions will also become data points for the development of a small-scale prototype at the case- 
study farm, that will be developed and tested in the second year of this research. The societal 
benefits include the fact that inmates will be trained in emerging CEA technologies to enable them 
to become job ready once released, which can assist in reducing recidivism because parolees can 
engage in meaningful employment post-release which becomes a protective factor. Societal 
benefits can be derived from improving the diet of inmates, which in turn can enhance custodial 
behavioural outcomes and the mental health of inmates throughout custody, and ultimately assist 
in re-entry to the community. The society also benefits when taxpayer funding for prisons is 
measured through meaningful employment and rehabilitative pathways to release.

4. Discussion
Forging new future-focussed relationships with external business enterprises that have successfully 
established CEA operations themselves will also be important to ensuring the long-term success of this 
type of business unit model in prisons. There is currently much technological development in the field 
of CEA, and this can lead to future opportunities where parolees could continue building their skills on 
the outside. As previous research demonstrates, if the correctional practice is to support desistance 
from crime, it must extend far beyond its traditional concerns. Professionally led interventions using 

Figure 7. Icon prompt cards. 
Author’s illustration.
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participatory design techniques in co-design sessions that are focused on gaining a deeper engage-
ment can help inmates with social integration (Gamman & Thorpe, 2018; Weaver & Nicholson, 2012). 
Key to this concept is re-establishing “the circuit of social reciprocity” where inmates can learn from 
the experiential expertise of those engaged in that same struggle and also from the designers running 
co-design research studies (Gamman & Thorpe, 2018).

5. Conclusion
In contemporary prisons, it has become increasingly important for inmates to be able to voice their 
concerns when things are not working or at worst when they are failing (Jewkes, 2007). Co-design 
methods can help reduce the inmates’ perceptions of marginalization, by providing them with 
opportunities to express their genuine feelings, thinking, and ideas, which they may not have 
previously had the opportunity to do. Co-design can help to ensure that participants are included in 
the process of changing their environment for the better, and can become a practice that 
positively values their contribution (Toews et al., 2020). The Inmate Delegate Committee in the 
case-study prison can function as a platform for open-mindedness and inclusivity. However, these 
types of structures are only one side of the equation and the key to their success is the commit-
ment of prison administrators to listen when problems occur and act decisively to remedy any 
given situation that arises in the day-to-day running of prisons.

This co-design study has the potential to expand on the success achieved in the various good 
examples of prison gardening and community gardening programs that can be found around the 
world. Co-design has the potential to be an equalising act that gives agency to both inmates and 
officers within a prison environment. Inmates seldom have the opportunity to contribute, to be heard, 
or to be acknowledged for their ideas being worthwhile or useful. The act of using co-design focus 
groups alone implies an appreciation of their views, which can contribute to improved rehabilitative 
outcomes and healing from the grief of incarceration. This activity can manifest to enable inmates and 
officers to become an expert in one aspect of their lives, giving them inner confidence.

Ultimately, co-design can become embedded in studies in developing new prison infrastructure, 
so that the future needs of those incarcerated can be fully considered, from the viewpoint of 
inmates. Co-design can unite communities that are wanting to innovate and create future- 
focussed new industries. The direct benefits of co-designing a CEA system concept include being 
able to adapt emerging new technologies to prisons by carefully targeting what the community 
desires and what prison administrators require. Co-design focus group sessions offer the potential 
for stakeholders to hear a more diverse range of opinions. Inmates desiring to co-design better 
corrective environments can benefit prison operators and the broader outside community. Placing 
both prison officers and inmates in a shared thinking space can help drive and unify the design 
process and further develop a range of requirements being considered through co-design.

Co-design can become a conduit for creating better relationships between inmates and prison 
officers through the running of carefully managed workshops which may lead to positive rehabi-
litative outcomes. Using empathy in these workshops can help to bring opposed groups closer 
together with the common goal of co-creating enhanced prison infrastructure. Design for sustain-
ability initiatives can also be discussed through the process of co-design focus groups, so that 
sustainability outcomes are realised. Co-design can create new data sets that then become 
actionable in terms of being able to innovate novel design solutions. Having many stakeholders 
come together in co-design focus groups can help to speed up the design process and make it 
more effective (IDEO, 2011). When teams co-design solutions it can mean that experts and those 
with lived experience would be able to collaboratively develop more suitable design solutions 
because they are situated close to the design challenge. Applying the three lenses of desirability, 
feasibility and viability in the Human-Centred Design process (IDEO, 2011), in tandem with using 
co-design and participatory design techniques, can mean that it is possible to better understand 
the needs and behaviours of the communities we are designing for.
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