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Co-Investigating for Sustainable Futures—Interventions for
Extending the Lifetime of Connected Products

Aysegiil Ozcelik and Markus Léchtefeld

Given the urgent need for transitions towards sustainability in the design and
manufacturing sectors that adhere to environmental limits, this study focuses
on how to create targeted interventions within existing socio-technical regimes
that catalyse these transitions in the area of connected (smart) products. This
category, which depends on both the hardware and software industries,
introduces unique sustainability challenges and opportunities. Designing and
manufacturing durable products requires a collaborative approach, given that
the production of hardware and software is intricately linked to a global supply
chain deeply embedded within the current production ecosystem and mass
production values. To improve understanding and disseminate knowledge
about product lifecycle extension, this work presents a co-investigation tool.
This tool is based on insights from previous interviews and literature reviews,
and it aims to promote collaboration among industry experts, such as designers
and engineers, on how to implement product life extension strategies. A key
aspect of our methodology is incorporating the perspectives of these industry
players and acknowledging their pivotal role in realising sustainable solutions.
Employing this conversation tool, we facilitated five focus groups with industry
professionals to identify and formulate strategies for extending the lifespan of
products. This paper details the design of the tool and the insights derived from
the focus groups. The results of this study provide insightful pathways for firms
engaged in sustainable product design and manufacturing, steering them

towards a more sustainable future.
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Introduction

The pressure of the environmental crisis made the need for designing and
manufacturing products in a sustainable manner apparent. Sustainable Design
researchers shifted focus from impact reduction to advocating for systemic change,
aiming for large-scale shifts in infrastructure and transformation of consumer
economies towards circular usership-based models (Tonkinwise, 2015). This systemic
change towards the sustainability transition lens (Gaziulusoy & Ryan, 2017), requires
three types of knowledge (Pohl & Hirsch-Hadorn, 2007). (1) Target knowledge, (2) system
knowledge, and (3) transformation knowledge. System knowledge is critical to provide
insight regarding how the current system works. Target knowledge introduces things
that we want to achieve. As transformation knowledge is related to identifying the
pathways to achieve the target, it requires imagination and creativity. Gaziulusoy and
Ryan (2017), argue that Design for Sustainable Transitions methods need to support
designers to imagine desired futures and help transform abstract ideas into concrete

possibilities.

This paper presents a technique to create transformation knowledge with industry
experts collaboratively. It argues how collaborative idea generating tools (i.,e.,
co-investigation techniques mentioned in Lockton (2023) after Freire (1970) may
contribute to identifying future directions for implementing product life extension
objectives. Product life extension is an important element to ensure more sustainable
production and consumption, as it slows down product cycles and reduces the need for
virgin raw materials and energy use during production. Our work focuses on connected
products (Raff et al., 2020), which depend on both the hardware and software
industries, introducing unique sustainability challenges and opportunities given the
interwoven nature of the products. Specifically, our empirical investigations are
conducted in the audio industry, by focusing on connected sound products such as

headphones, speakers and earbuds, which include Bluetooth or Wi-Fi connectivity. The
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reason that the audio industry was chosen is that these products present some of the

most mature implementations of the connected product category.

In previous work (Ozcelik, Kohtala & Léchtefeld, in submission b), the primary issue of
the audio industry's struggle with transitioning to product life extension objectives was
identified. The analysis highlighted that there is a significant gap: while there is a
consensus among industry practitioners on the importance of product life extension,
there is a lack of clarity on how to implement product life extension objectives within
their specific context. Given the industry's integrated multiple factors, experts can find
themselves in complicated situations, and they often will need further information and
perspectives to find new and different solutions. Life extension, similarly, requires a
transformation across product design, business models, manufacturing, and legislation.
Therefore, the companies need to transform and build capacity towards product life
extension objectives. Systemic design approaches (Kjade, 2022), such as Transition
Design and the co-investigation tool, help us deal with the complexity of extending the

life of connected products.

Thus, we have approached life extension as a systemic (van den Berge, 2024) and a
wicked problem (Rittel & Webber, 1973; Irwin, 2019).To support companies in how they
can implement product life extension strategies, we designed a co-investigation tool
which helps to explore the industry perspective on future directions. This tool aimed to
contribute to the transformation and the capacity-building process of the audio
industry. We conducted five workshops in Denmark. During the workshop, the
co-investigation tool supported industry practitioners' process of generating strategies

for their context and the related ecosystem.

First, we will introduce the background and the preliminary research on which the
co-investigation tool is based. Then, we introduce the co-investigation tool and how it is
intended to be used. Following this, we will report the findings from five workshops
where the tool was used and share the insights regarding the tool. Based on that, we
discuss (1) how to move further to enable transitions and capacity building of the
companies, and (2) the potential role of co-investigation tools in catalysing systemic
changes. We conclude the paper by highlighting that collaboration and joint
investigation are crucial parts of the solution for enhancing the longevity of the

connected products.
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Background

As addressed by Gaziulusoy and Oztekin (2019), DfST theories and perspectives are
developed through the integration of diverse theories. Different theories, specifically
Transition Management (Loorbach, 2010) and Multi-Level Perspective (Geels, 2002;
Geels, 2005) informed Transition Design, which offers a varied perspective on design's
role in transitions and its intervention in socio-technical systems. It embraces the
complex interdependent nature of social, economic, and environmental issues and tries
to envision long-term sustainable changes. The approaches and theories differ in this
emergent field. Key aspects of transition design can be listed as system thinking,
futuring, participatory approaches, sustainability principles, multi-level perspectives,

and long-term change.

Building on those theories, design discipline contributes to sustainable transition in
multiple ways. Ceschin and Gaziulusoy (2019), highlight that DfST contributes to the
communication of high-level outcomes or identification of intervention points. When it
is supported through design, DfST is capable of outlining and imagining the necessary
new values, technologies, social practices, and lifestyles crucial for sustainable
socio-technical systems (Ceschin & Gaziulusoy, 2019). DfST aims to address the future
changes which lead to the methodologies that help to imagine desired futures and turn
the abstract ideas into concrete ones (Gaziulusoy & Ryan,2017). The main
methodologies of DfST are scenario development for transitions, stakeholder
engagements to draw strategies, pathways for transitions, and pilot experiments to
create protected niches for creating alternative systems (Gaziulusoy & Oztekin, 2019).
For example, Hyysalo et al. (2019) were inspired to design a workshop to identify the

pathways for transition through a co-design tool.

Design can play a crucial role in disrupting current systems and forming systemic
alternatives (Pineda et al., 2024). Design can fulfil roles ranging from tangible, technical,
and skills-based roles to more intangible roles involving the reception, processing, and
synthesis of information (Gaziulusoy & Ryan, 2017b). Inherent capacity of design
includes turning things from abstract to concrete, i.e., designing products, systems and

services based on systemic insights. Furthermore, design can enable others to imagine,
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question, and change through its methodologies. This is especially crucial when

navigating complex topics such as product life extension.

Given the transformative potential of design methods, we believe that design tools that
enable collaborative investigation (co-investigation) have significant potential in
investigating product life extension. The proposed co-investigation tool aims to critically
address life extension, facilitate knowledge sharing, understand the influencing factors,
and create a space for industry experts to generate solutions from their perspectives.
The co-investigation concept was used in the education domain by Freire (1970) to refer
to the active role of the students. Freire (1970) advocated that "investigators and the
people (who would normally be considered objects of that investigation) should act as
co-investigators" (p.106). In this way, the students may play an active role and deepen
their critical understanding of reality (Freire, 1970). Echoing this idea, Lockton (2023)
emphasises that design methods can transform us into critical co-investigators. Inspired
by these ideas, | have employed the term "co-investigation" to refer to the tool that |
proposed. This tool is designed for collaborative exploration with participants, aiming to

co-generate solutions that address product life extension on multiple levels.

Building on this foundational concept of active and collaborative engagement, the
proposed co-investigation tool naturally falls into the realm of co-design. Co-design has
a long tradition of implementing collaborative approaches in the design discipline. This
approach treats participants as "experts of their experience" (Sanders & Stappers,
2012), aiming to bring out their expertise (Sanders & Stappers, 2014). Consequently,
various forms of co-design tools and mediums (Sanders & Stappers, 2012; Mattelmaki,
2006) can facilitate collaborative design processes and help participants express their
ideas and creativity. The proposed co-investigation tool can be evaluated within

co-design methods.
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Figure 1. The co-investigation tool. Source: Author.

Co-Investigating for Lifetime Extension of Connected Products

The co-investigation tool is created in research through a design process based on
literature reviews, semi-structured interviews and the researcher's perspective. It is
intended to be used in a workshop setting. The tool consist elements that probe the
participants about current connected audio product design and manufacturing, and the
co-investigation tool is meant to generate future directions to support the audio
industry efforts. First, we introduce the co-investigation tool, then we explain where and
how the tool is utilised.
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Designing the tool

The tool is informed by several of our prior studies. First two literature reviews: In the
first, we collected longevity concepts in the sustainable ICT and DfS literature (Ozcelik et
al. 2022) and in the second, we collected strategies from design tools aiming to create
longer-lasting products, combined them and re-constructed them to create a singular
tool (Ozgelik et al., in submission a). Secondly, several semi-structured interviews with
industry experts: During the interview, we used a tool (Ozcelik et al. 2023a) to help elicit
employed strategies as well as barriers (Ozcelik et al., 2023b). Based on their result, we
have created several insights from the interviews (Ozcelik et al., in Submission b, Ozcelik
and Lochtefeld, forthcoming), and the co-investigation tool presented here is based on

all of this. It has three groups: strategies, limitations and further recommendations.

We employed the Research Through Design (RtD) approach (Frayling, 1993;
Zimmerman, 2010) during the development of the tool. RtD refers to the researcher's
ability to generate new knowledge and insights into complex problems by employing
design artefacts, systems, or processes and reflecting on the process (Stappers &
Giaccardi, 2017). The objective of RtD is to gain an understanding regarding problems
that are investigated, not designing the artefact, system and process (Godin & Zahedi,
2014). Throughout the exploration process, we aimed to develop a workshop setting
where we could transfer knowledge and facilitate the co-investigation of future
strategies simultaneously. The design of the tool and co-investigation workshop was
iteratively developed and tested until the participants could evaluate their barriers and
generate strategies smoothly. The tool was developed as a conversation medium and
was prototyped to generate new insights on future directions to support the design and
manufacture of longer-lasting connected products. The goal of these artefacts is to help
understand the participant's perspective and co-generate new strategies for the

implementation of life extension strategies.

The tool consists of the following materials: (1) lay-out, (2) change makers, (3) inspiration
map, (4) experience cards: strategies, (5) experience cards: limitations, and (6) future

directions cards. Additionally, one can use post-its and clips for extra information.
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1. Lay-out represents the different layers that are connected to the product,
company and ecosystem.

2. Change makers are figures who represent the actors who play a role in the
design and production of connected products. They represent designers,
product managers, company owners, manufacturers, consumers, policymakers
and lawmakers, etc.

3. Inspiration map: It is a visual which includes product life extension strategies
compiled through the literature reviews (Ozcelik et al., in submission a). This step
was critical for introducing participants to the knowledge needed to engage
deeper with the subject.

4. Experience cards: Strategies: This card-set is prepared with the type of strategies
observed in the audio industry to extend the product category (Ozcelik et al. in
Submission b, Ozcelik et al., 2023a; Ozcelik et al., 2023b)

5. Experience cards: Limitations: These cards introduced the limitations that were
experienced by the industry experts in our previous study (Ozcelik et al. in
Submission b, Ozcelik et al., 2023a; Ozcelik et al., 2023b)

6. Future directions cards: These cards are based on our own reflections of the

prior work.

The tool's main goals are to: (1) ensure knowledge transfer, (2) facilitate
contextualization of the given information, (3) create a space for reflection, and (4)
co-investigate new data regarding the future directions. With those aims, the tool is

used as follows (see Figure 2).
First step: Setting Up

The workshop began with an introduction session, where participants were asked to
introduce themselves and their roles. After that, the layout was introduced, with the
three circles representing product, business, and ecosystems, laid out on the table (see

Figure 2, step 1).
Second step: Inspiration from Literature

In the second phase, we provided participants with the Inspiration Map, which compiled
product life-extension strategies. This step was critical for introducing participants to

the knowledge needed to engage deeper with the subject. They were asked which
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strategy intrigued them, whether any of it seemed applicable to their work, and which
strategies they were interested in applying. Participants were asked to write their
thoughts on post-its and place them on the current layout. This interactive discussion
helped tailor the workshop's direction to the participants' interests and needs and

identify possible future directions for their company (see Figure 2, step 2).

Third step: Inspiration from the current strategies implemented in the audio

industry

In the third step, we provided participants with the Experience Cards (Strategies). After
they chose the strategies, they were asked to write down their ideas about how they
could implement them in their context and place them in the current layout. This step
was pivotal in transitioning from abstract strategies to concrete, actionable ideas and
contextualising the existing strategies by ideating how to implement those in their

company (see Figure 2, step 3).
Fourth step: Learning from current limitations in the audio industry

The fourth step focused on the barriers. The experience Cards (Limitations) were
presented to the participants. Participants were encouraged to think about which
barriers were applicable to their company and reflect on them. Further, they are asked
to identify possible future limitations for their company. This step was necessary for
recognising the potential limitations and possible problems that might hinder the future

implementation of product life extension (see Figure 2, step 4).
Fifth step: Possible future directions

As a last step, the participants were asked to develop strategies to further implement
life extension strategies at the product, business, and ecosystem levels. This step
involved forward-looking discussion on how they and other actors could drive further
change. Future Directions Cards here were presented as an inspiration source. Further,
they were asked to generate the future transition strategies in their context. This
involved positioning their ideas within the context of products, processes, and systems

while identifying relevant actors for each category (see Figure 2, step 5).
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Figure 2. The implementation of the tool. Source: Author.
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The intended outcome is to develop intervention strategies for audio companies to
improve their design and manufacturing processes, thereby extending product
lifetimes.

Study

The workshop was conducted with the audio industry practitioners from three
companies, a startup incubation centre, and an NGO. The workshops lasted between 2h
and 3h. This tool is utilised in five workshops with a total of 13 industry experts
participating.

Workshops PARTICIPANTS DURATION

W1. It is conducted in a small-scale company which Product designer 1.31h
produces connected sound products.

W2. It is conducted in a medium-scale company which Product designer 2.00h
produces connected sound products. Sustainability expert

W3. It is conducted in an innovation hub for experts and Hub manager, 3.00h
startups working in the audio industry. Start-up owner/Designer,

Acoustics engineer
Mechanical engineer
Mechanical engineer

WA4. It is conducted in a large-scale company which Acoustics engineer 3.30h
produces connected sound products. Sustainability expert
Designer

Mechanical engineer

WS5. It is conducted in an NGO office working for the NGO Management 1.30h
audio industry.

Table 2. Overview of the participants.
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Figure 3. A snapshot during the workshop session. Source: Author.

Study findings

Here we present the findings and develop future strategies; however, this strictly
reflects the participants' (industry) perspectives. These strategies are a trial of practising
"how" the company may perform their transition, aimed towards product life extension
and sustainability. The tool was successful in creating systemic understanding (i.e.,
zooming out and thinking of the whole system and identifying actors that can create a
change). This meant that the generated future strategies were not only focusing on the
product design but also related to business models, manufacturing, legislation, and
multiple actors such as customers, lawmakers, and other stakeholders. We will, in the
following, present a short summary of each workshop and a visual that summarises

some of the future directions that participants recommended (see Figure 4).

Workshop 1: Here, a single participant—a product designer from a small-scale
company—participated. Most of the strategies that the participants focused on were
product-oriented, such as modular design, material quality, and replacing the battery
(see Figure 4). Collaboration with alternative 3rd parties (such as repair cafes) and the
possibility of reusing product components were considered as well. Also, the participant
mentioned that moving a part of the production back to Europe and designing a
product with components that can be produced in Europe would be a way forward.

Actors, such as the sales department, designers, manufacturers, policy makers (by

PROCEEDINGS OF RELATING SYSTEMS THINKING AND DESIGN, RSD13



14

producing legislation), agents (who communicate with manufacturers), board members
(company shareholders), and manufacturers, sales agents (who communicate with the

customers) were highlighted as important stakeholders and decision makers.

Workshop 2: A Product manager/designer and a sustainability expert from a
medium-scale company participated in the second workshop. Apart from product
design strategies focused on personalisation (e.g., colour-changeable lacquering and
replicable silicone headband), self-assembly, take-back systems, second-hand luxury
product sales channels with the company warranty, and creating batch craft series were
discussed. They also highlighted that they only have the capacity for smaller quantity
production. Therefore, to apply the take-back system, they would need another
stakeholder. Backward compatibility or slowing down chip innovation without making
them stop was discussed, as well as asking chip vendors for an assurance to supply
updates for chip models for 10 years. The actors seen as responsible were the quality
department, product board, R&D Department, EU (by providing regulation), 3rd party
testing companies, suppliers and chip vendors, designers, as well as the Danske
Industry (an organisation that represents Danish industry).

Workshop 3: The third workshop was held in an innovation hub for the audio industry. It
included different industry experts and a participant from a startup company, which led
to versatile strategies. They mentioned the lack of real innovation in the audio products;
therefore, they think encouraging the manufacturing of fewer, higher-quality products,
especially by reducing the number of Bluetooth speaker models. This will lead to an
increase in the price of sound products, which may reflect the product's true cost and
quality and reduce market saturation. Lowering the repair costs, giving users access to
spare product parts and having extended warranties are recommended for lowering
the barriers to product longevity. They also discussed the need for exploration new
business models that prioritise long-term sustainability and customer engagement over
immediate profits. Further, they highlight the need for punishment, e.g. Taxing the
environmental damage and imposing penalties for unsustainable practices, incentivising
greener approaches. This group generally highlighted the importance of the regulation
and policymakers, and the bigger companies in the transition. Actors such as
component manufacturers, the EU (regulation), bigger companies, funding bodies, and

material providers are highlighted.
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Workshop 4: Four industry experts from a large-scale company participated in the
workshop: a designer, an acoustics engineer, a sustainability expert, mechanical
engineer. Personalised or anonyms product design, easy assembly, modularity, reusing
the acoustic components, providing spare parts, appealing interaction and creation of
emotional bonds were highlighted as strategies interesting to them. The need has space
to experiment with and try sustainable materials, increasing the complexity of
sustainability requirements in project briefs to support decision-making and innovation
within time constraints, and incorporating life extension principles across all disciplines
within the company were also brought forward. Also, improving their take-back service
to enable efficient disposal and recycling was seen as a future strategy. Furthermore,
they saw simplifying the supply chain, transitioning to a service-based business and
creating long-term commitments and the need for stronger regulations as potential
business-related changes. They highlighted that creating a business case and increasing

customer purchases would motivate the company to implement a potential transition.

Workshop 5: This workshop was organised together with an NGO which works in the
audio industry, with one participant. The participant highlighted that sustainability is not
seen as valuable for many of the companies in the audio industry. Sustainability needs
to be a core strategy of the company. There is a need for exploring the blind angles
regarding the new generation of customers, there is a further need for inspiration,
collaboration and sharing the experiences and success stories within the industry. The
participant also highlighted that more regulations could motivate the companies. The
participant also mentioned that he sees contrasting viewpoints among sustainability
experts at different companies, saying, "It seems like there are different religions in
implementing sustainability."

Elaboration on workshop findings

Parolin et al. (2023) observed the early design process of technology developmentin a
manufacturing company and highlighted the fuzzy characteristics of the development
process. Therefore, further implementation of life extension requires radical transitions
within the company organisation and the current ecosystem (e.g., creating new
networks and sales channels). Without such transitions, there is a tendency to merely

make minimal changes to product design, such as implementing replaceable batteries,
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when pursuing life extension strategies. Drawing from participant insights (see Figure 4),
companies may transform themselves to pursue life extension and sustainability goals if
motivated by new profitable business cases and models, mandatory regulations, and

customer purchases.

Even though the workshop setting inspired the experts, it was apparent that one-time
workshops are not enough to transform the companies. Throughout the workshops, it
became clear that larger companies anticipate change primarily through product or
company managers. In order to transform themselves, the companies must establish
internal interdisciplinary teams, equipped with the necessary resources (i.e., budget,
vision, organisational structures) to plan, implement and build their own capacity.
Collaborating with experts, researchers, and alternative organisations that advocate for
sustainability could enhance these efforts. When supported by system perspectives and
techniques like what-if scenarios, as Parolin et al. (2023) suggest, and co-intervention

methods, these collaborations can achieve long-term transformation.

Factors significantly impacting sustainability often extend beyond company control and
involve multiple actors (Schltter et al., 2023). Similarly, implementing product life
extension objectives necessitates changes in regulatory frameworks and manufacturing
ecosystems. Participants emphasised the need for stronger EU legislation and
regulations. However, upcoming legislation may lead companies to focus more on

documentation than on implementing life-extension strategies.

There is a need for transformation in mass manufacturing, predominantly based in Asia.
Companies have emphasised the importance of sourcing hardware that supports life
extension objectives. Further, they emphasise the importance of having longer-lasting
collaboration with the manufacturers. However, the influence of European companies
on manufacturers in Asia to adopt sustainable practices seems insufficient. Binding
agreements and increased collaboration could enhance sustainable manufacturing in
Asia. Potentially reshoring some production to Europe would benefit the

implementation of life extension and sustainability objectives.

PROCEEDINGS OF RELATING SYSTEMS THINKING AND DESIGN, RSD13



te use the components

Design products that are
more playful and
personal, maving away
frem professional and
ALY IOUS  ARPEITENES
T inurease user
arrachment.

in

crease the complexity of
the sust:

nahility
requirements

Motivaee the co
e bussiness
bussiness mpaodels

collaboration with repair
cabes and similar 30d

prarties

Improve take back
SeCvices Lo nanage
disposal more effeetively,
have a clear recycling path

Introduce policies for
shared product repair
casts, extended
warrantics, and a right to

rand access parts,

Figure 4. Some of the suggestions retrieved from the workshops. Source: Author.
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Discussion

In these five workshops, we clearly found the tool helpful to facilitate discussions and
group reflections. The tool was successful in terms of transferring the existing
knowledge in an engaging way, and it helped the contextualization of the information.
Further details regarding the systemic perspective emerged, compared to the
semi-structured interviews conducted before. The tool enabled the participants to
"zoom in" on the actors in the company (e.g., generate on product and on company
level detailed suggestions) as well as "zoom out" focusing on more general issues (e.g.

slowing down the innovation, or taxing the environmental harm).

Apart from this, it was extremely helpful to share a multitude of information in a limited
time. The results of the academic knowledge production (i.e., findings of literature
reviews and empirical data collected through semi-structured interviews) were shared
with the industry experts, and they were able to employ it. We would like to also note
that some of the industry experts also participated in the previous study. In this way, we

aimed to give back to the industry experts.

The tool enabled collective ideation among multiple actors and reflections. Contrary to
the tangible tools (Lockton et al., 2019), the provided co-investigation tool was helpful in
producing an output that co-generated future directions for the industry in this context.
These future directions helped us to understand the industry's perspective on how
life-extension strategies will be employed better. Furthermore, it also helped us to
identify the significant changemakers from an industry perspective. For example,

Danske Industry was revealed to be seen as a significant actor with lobbying power.

According to Gaziulusoy and Ryan (2017), it is advisable to consider the potential
conflicting perspectives and desires of stakeholders during the creation process. While
limited conflicting perspectives were observed in the workshops, it is essential for the
industry to devise future life extension strategies collaboratively. Future studies may
focus on organising workshops where companies and related stakeholders can come

together in a creative setting to chart the most logical way forward.

There were some limitations with the tool. First of all, most of the tool is based on the
empiric studies of the audio industry. Therefore, most elements of the tool are specific

to the audio industry. Secondly, the tool requires facilitation. Thirdly, the tool is best fit
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for companies that actually manufacture products. In our case, the NGO was the only
example which did not produce the products, so the findings were limited. Furthermore,
some of the participants seem disappointed as the tool was not giving direct advise in

regard to what to do.

Lastly, the tool distributed responsibility of future strategy generation, but the
participants do not have the power to create the change themselves. Even though the
tool might serve as an inspiration to the industry experts, the mindset change would
take more time and further collaborations with the decision-makers of the different
companies. We recommend conducting further longitudinal studies, meeting with the
relevant actors more frequently, and continuing knowledge sharing to initiate the

change.
Conclusion

All'in all, the product life extension problem requires systemic change and the
distribution of responsibility among multiple actors. Empowering industry experts and
enabling knowledge sharing are needed, with the required regulations as well. As a
conclusion, the tool was helpful in (1) co-investigating future directions with the industry
experts, (2) understanding the perspective of the industry experts by providing a
reflection space, and (3) transferring the insights created based on the industry and
academia to the industry experts in an engaging way. The paper has a limited number
of data sets. This paper might be a stepping stone for future studies in two ways: (1)
addressing the potential of the co-investigation tools, (2) providing an industry
perspective regarding future directions. We believe that co-investigation tools have

further potential in studies that focus on systemic changes.
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