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processes stress the importance of creating tangible prototypes
for their ability to communicate complexity, enable rapid
feedback and provide guidance on design changes in the early
stages of the process. The research presented in this paper is
based on the hypothesis that in the context of PSS design,
physical prototyping (from small scale systems to full scale
individual equipment) can create boundary objects which act
as effective tools for engaging relevant stakeholders in
meaningful dialog around small details or the entire physical
system. Tools like this could enable design teams and
companies to better tailor a PSS to add the more value and be
more easily accepted as potential alternative to traditional
offerings.
The aim of the paper is to raise the discussion about how
physical prototyping can create boundary objects for engaging
customer stakeholders in early phase PSS design
discussions. This is achieved by presenting the findings of a
case study run in the construction equipment industry, where
the use of a small-scale prototype of a construction site as a
boundary objects for multi-stakeholder discussions has been
tested.
2. Context of the Case Study
The case study was run in collaboration with a construction
equipment manufacturer aiming to develop the world’s first
‘emission-free’ quarry. Drawing on the electromobility and
automation expertise, the research project, dubbed Electric
Site, aims to electrify each transport stage in a quarry from
excavation to primary crushing, and transport to secondary
crushing. The system’s efficiency, safety and environmental
benefits are set to impact both customers and society at large.
Such new solutions with machines,
technologies
and operations consisting of complex
products
and systems are functionally different compared to traditional
equipment manufacturer offerings. This raises the potential
to obfuscate the advantages of these new solutions from the
internal and external stakeholders. In any product-service
system development process it is necessary to garner
feedback to
inform
the
design
as
early
as
possible. A challenge arrises here due to PSS design methods
relying solely or heavily on two-dimensional service
blueprinting techniques as the medium for conveying complete
solutions until fully functional products and systems take a
physical form towards the end of the design phase.
It
was
the
intention
of
VCE
to
create
a functional physical instantiation of the electric site in a small
scale prototype form to provide tangibility to their feasibility
claims about the full scale operation before it was constructed.
The corporate interest was to reduce the need for transporting
stakeholders to Sweden to observe the testing of the machines,
by creating an interactive display that could, in
essence, bring the
site
to
them.
From
a
research perspective, the intent was to demonstrate and
test how the physical prototyping of functional system
components in a small scale construction environment could
act as an effective boundary object to drive a deeper dialog with
all interested parties whom are vital to the full scale successful
implementation in the early design phases.
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3. Prototypes as Boundary Objects
Overall, the venture of prototyping is to gather information
to help in the decision-making process of design. The designers
at IDEO have a saying, “if a picture is worth a thousand words,
a prototype is worth a thousand meetings”. They provide
opportunities for fast feedback, new inputs and a hands-on user
experience readily available. Furr and Dyer assert that rapid
prototypes have a fundamental role in hypotheses
validation[7]. They also discovered that in some cases it can be
beneficial to fake the capability of a product if the experience
is your key point of investigation [7]. Experiential Prototyping
techniques endeavor to accomplish three goals towards
addressing the problem: Understanding existing user
experiences and context, Exploring and evaluating design
ideas, and Communicating ideas to an audience [4].
In innovative development, actors often come from different
practices, functions, or organizational worlds [6] and must
collaborate to solve problems and develop solutions [12]
together across the boundary or shared area (a boundary is not
at the periphery, but rather dead-center between the
collaborators) that separates them. To effectively cross that
boundary, they need to facilitate this collaboration, share
knowledge and information and solve problems together even
though they are not automatically equipped with the same
language, understanding of the vocabulary employed, or
understanding of what is described [6]. A remedy to this is to
utilize a boundary object [12] as a mediating artefact between
the social worlds. The boundary object is defined by Star
and Griesemer as “...objects which are both plastic enough to
adapt to local needs and the constraints of the several parties
employing
them.” (p.393)[12].
According to Star there are three fundamental aspects to the
class description of the boundary object; interpretive
flexibility, material structure, and granularity, which
corresponds to the information and work requirements of the
groups utilizing the object, that is what is needed to represent
and take the knowledge base from as-is to to-be (i.e. the work)
[14].
A boundary object is not about achieving consensus among
the actors [13], and the boundary object as such may mean
different things to different people. Important is that it
facilitates users to employ a shared syntax, learn about
differences across the boundary, and transform their
knowledge
together
[6].
Derivatives of the original definition have stressed on
additional aspects that are important for practice, and which
could be supported by the mediating object. Boujut and Blanco
[3] use the term intermediary objects as a way of depicting
these objects as representations of intermediate states of the
future product, acting as mediators as a prescription from one
actor to the next, transformations of the product from one state
to the next, and as a representation of the future product. The
intermediary objects can provide a frame for collaboration
along the development process. Essentially, as more
information and knowledge are created the intermediary object
evolves[3].
Lee [10] introduce the concept of the boundary negotiating
artefact as having the role of not only traverse boundaries, but
also to renegotiate these boundaries to establish new ones. By
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doing so the focus is on synthesis and innovation across
different practices. In a similar vein, Subrahmanian et al. [15]
frame the prototype as a boundary object, to stress the constant
dynamic (i.e., “prototypical understanding”) that goes on at the
interfaces between developers. Design is seen as a theorybuilding activity where designers create prototypes as
representations of their current understanding of the product
[15].
4. Results
The setting for the demonstration of the prototype site took
place over a 3-day event around emerging technology and
products from Volvo CE (VCE), Volvo Cars and Volvo
Trucks. Attending audience included members of Volvo
management, key customers and the press. 3 different groups
representing each of these were guided through multiple
stations with presentations at each station. The station
including the prototype site was focused on communicating
VCE’s work on the semi-autonomous electric site aimed at a
10x improvement in efficiency of quarry operations while
reducing on-site emissions by nearly 100%.
As seen in figure 1 the research team constructed a 1:14 scale
prototype of the new autonomous electrified machines working
on a 5m x 5m model of a generalized quarry site, consisting of
two loading/dumping scenarios. The loading machines were
manually operated, and the electric haulers were autonomously
controlled.

4.1. Observations
During the demonstration of the site the project leaders
fielded questions from the audience while a member of the
research team recorded the questions asked by each group
observers. Each group asked distinctly different types of
questions illustrating their unique areas of interest. The
observers posed numerous questions, but for display purposes
they are organized by group and category with embodying
samples (as seen in table 1) to avoid the irrelevant and nonunique questions.

Table 1. Observations divided by stakeholder group
Group
Question Category
Question Examples
Is it reliable and safe enough
Technology Readiness
to match our brand?
Volvo
Management
What other areas of the
Technology Bleed
Personnel
company can benefit?
How and where can we cost
Manufacturability
effectively
make
this
equipment?
Operational Changes
Customer
Representatives

Availability
Feasibility/Flexibility
Functionality

Media

Delivery
Future Vision

Figure 1. Scale Site at The Volvo Event

This scale site was operated by the research team during the
culmination of a presentation by the project leaders from both
Volvo CE and Skanska, responsible for the full-scale
experiment site operation taking place in Sweden. They discuss
the need to redefine how the operational dynamics of site
functionality must be redesigned in tandem to take full
advantage of the electric and autonomous equipment on
display. This translates to a move away from equipment
designed to be broadly capable of many tasks and more towards
product service system solutions consisting of equipment that
can perform purpose-built tasks exponentially better.

3

How many to equal my
current
operation’s
production?
When will these machines be
publicly available?
How can this be adapted to fit
my industrial operation?
How do they work? (small
and full scale)
When will these go into
production?
What is next in the
innovation pipeline?

A more detailed analysis of the content of the questions is
found in the discussion section, but briefly we can highlight
how these examples demonstrate an ability for the prototype
site to act as an effective boundary object. Highlighting the
amount of questions that had to do with more than the
functionality of the scale site versus how much focus was
translated into inquires relating to the full scale site
demonstrates the ability for people to see demonstration for
more than a collection of toys and more like a representation of
a real situation. The categorical differences in question
substance also bodes well for the perspective that each group
was able to see it through their own lens without having to
change anything about the site itself, the elasticity of their
viewpoints was entirely related to the observer further
reinforcing the scale site’s classification as an effective
boundary object.
4.2. Interviews
The results from the observations were complemented with
open-ended interviews with experts, two of whom were part of
the customer observation group and two were with the project
leaders for the Electric Site (representing Skanska and VCE).
Due to the low number of interviews conducted, the results here
are used for the triangulation of the data collected to derive
more solid and reinforce reliable conclusions. The questions
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are stated with the most relevant quotes from the respondents
displayed below.
Interviews held as semi-structured discussions around two
main questions:
a) How observing the scale prototype in action
impacted their perception of the
Autonomous/Electric site solution’s feasibility within
their industrial context?
“Scale prototypes like the site enable visualization of the
operations and systems of machines where the true gains in
efficiency are realized. Expands the conversation beyond
individual machines questions to more operational level
questions about manpower changes and machine-to-machine
interactions.”
“Site serves as an excellent communication initiation tool.
Provides a way to more tangibly visualize the new products and
their interactions.”
“As I see this just as another media to explain our future plans
next to already existing posters, ppts and videos I think there is
no drawback and only positive additional impact. As it is
something three-dimensional and for real (people can see, hear
and feel) it is just a very good illustration of what will happen
and with the automation it triggers process questions and helps
explaining. As also on batteries it is also a nice catch to always
refer easily to the real solution so from a communication
standpoint it is easy to fit into a presentation and talk around
it.”
b) What kind of opportunities do you see with new
technology within your operations?
“Creating solutions for a demand and that demand is efficiency
and safety. Contrary to generalized very capable machines that
are inherently less efficient at conducting specialized tasks. The
future is focusing on combinations of machines to satisfy the
operational needs. Means a need to look at operation more
abstractly in order to broaden the potential solution space of
combinations. Automation allows for more structured
workflows as opposed to individual workers being real time
decision makers. This enables a better modeling of the
operational and safety risk.”
“Biggest wish from a customer perspective is to have some sort
of standardization of traffic/production control to allow for
pairing of different manufacturers machines in the same
system. Don’t want to be locked in like apple but more like
android with ability to put different machines on the same
network. Or more like telecoms in general where the network
is built by everyone and allows all devices to connect.”
“At Waste Management we are interested in autonomy and
remote operation for different reasons that normal. They have
trouble both hiring people and maintaining them as employees
due to the environment. Interested in creating remote operation
stations for millennials to run multiple machines from.”

361

5. Discussion

Scale experiential and non-functional prototypes served
as effective Boundary Objects allowing customers (and
internal stakeholders) to envision how these new products
as a system solution can be implemented across a range of
industries. Design thinking and by extension the act of
prototyping is an approach for addressing design complexity
and as products are phased into PSS solutions they continue
to
increase
in
technological
complexity
and
interdependency between other system components. Long
[11] connects engineering systems thinking as a necessary
skill for design thinking which carries over to how to use of
tangible and experiential prototypes as boundary objects to
convey system concepts as well as the new products
enabling the new design.
The statements captured during the showing of
the prototypes made evident an attitude of not caring what
the machines look like if they can accomplish a specific task
better than those currently available. However, skepticism
exists around the feasibility of the components adding up to
be more capable than their current operations in place now.
The scale prototype was able to bring this front and center
with questions while also enabling the hosts to explain in
more detail how this is actually possible by pointing at the
artifact interactions and extrapolating how the components
could be customized to best suit the a target customer’s
operations.
A key feature of prototypes is to allow to identify gaps
otherwise difficult to observe. Some of the gaps can be
caused from observers not grasping the level of fidelity on
display is not a 1:1 of what happens in real life and other
gaps are legitimate concerns that without the “realness” of
the boundary object might not be brought into the design
discussion until it is too late or much more expensive.
6. Conclusion
PSS solutions that lean closer to function and result oriented
category must offer significant advantages whether it be in
safety or sustainability the advantages need to match the values
of the manufacturer and their customers. The paper has
discussed
the
role
of Experiential
prototypes
and functional prototypes as boundary objects creating shared
visions between customers and manufacturers garnering
valuable feedback data to guide design decisions. The case
study of a construction equipment company investigating the
transition toward PSS by means of early prototypes has been
presented framing the findings in the field of design thinking
and complex systems design.
Future work will focus into formalizing a functional
requirement guided and innovative product centered PSS
design methodology that includes early phase physical
prototyping enabling data-driven design. Through the
development of an established methodology it would be
possible to run multiple case studies validation in different
industrial context, to verify the presence of similar benefits in
different context. This would contribute to the generalization
of a PSS design approach including early stage experiential and
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functional prototypes.
7. Future Work
In the interviews the customers want interoperability
between different manufacturers and not to be locked into using
only Volvo Equipment for everything to function properly.
These concerns are coming into the forefront while the maturity
of new technologies such as AI, Autonomy and Electrification
is increasing to a point where it may be deployed in previously
unrefined industries. Handling such compatibility issues will
potentially become service offering requiring manufacturers to
play together if they expect to meet customer requirements of
the future. Again, the use of tangible and experiential
prototypes to enable immersive design discussions across
trans-disciplinary and trans-corporate partnerships may a
potent tool to drive this level of collaboration by allowing
shared vision of the system and catching valuable feedback
from customer stakeholders in the earliest phases of design.
References
[1] Baines TS, Lightfoot HW, Benedettini O, Kay JM. The servitization of
manufacturing: A review of literature and reflection on future
challenges. Journal of manufacturing technology management.
2009 Jun 5;20(5):547-67.
[2] Bertoni A, Bertoni M, Panarotto M, Johansson C, Larsson TC. Valuedriven product service systems development: Methods and
industrial applications. CIRP Journal of Manufacturing Science
and Technology.
2016 Nov1;15:42-55.
[3] Boujut, JF. & Blanco, E. (2003), Computer Supported Cooperative Work
(CSCW) 12: 205.
[4] Buchenau, M., & Suri, J. F. (2000, August). Experience prototyping. In

5

Proceedings of the 3rd conference on Designing interactive
systems: processes, practices, methods, and techniques (pp. 424433). ACM.
[5] Buchanan R. Wicked problems in design thinking. Design issues. 1992 Apr
1;8(2):5-21
[6] Carlile, P. R. (2002) ‘A Pragmatic View of Knowledge and Boundaries:
Boundary Objects in New Product Development’, Organization
Science, 13(4), pp. 442–455.
[7] Furr, N. R., & Dyer, J. (2014). The Innovator's Method: Bringing the
Lean Startup Into Your Organization. Harvard Business Press.
[8] Goedkoop, M. J., Van Halen, C. J., Te Riele, H. R., & Rommens, P. J.
(1999). Product service systems, ecological and economic basics.
Report for Dutch Ministries of environment (VROM) and economic
affairs (EZ), 36(1), 1-122.
[9] Greene, M., Gonzalez, R., Papalambros, P. & McGowan, A. M. 2017
Design thinking vs. system thinking for engineering design: what’s
the difference? In Proceedings of the International Conference on
Engineering Design, August 2017, Vancouver, Canada, The Design
Society.
[10] LEE, C. P. (2007) Boundary Negotiating Artifacts: Unbinding the
Routine of Boundary Objects and Embracing Chaos in
Collaborative Work. Computer Supported Cooperative Work, 16,
307-339.
[11] Long, C. (2012), “Teach your Students to Fail Better with Design
Thinking.” Learning & Leading with Technology, Vol. 9, No. 5, pp.
16-20.
[12] Morelli N. Developing new product service systems (PSS):
methodologies and operational tools. Journal of Cleaner
Production. 2006 Jan 1;14(17):1495-501.
[13] Star, S. L., & Griesemer, J. R. (1989). Institutional ecology, 'translations'
and boundary objects: Amateurs and professionals in berkeley's
museum of vertebrate zoology, 1907-39. Social Studies of
Science, 19(3), 387-420.
[14] Star, S. L. (2010). This is not a boundary object: Reflections on the
origin of a concept. Science, Technology, & Human Values, 35,
601–617.
[15] Subrahmanian, E., Monarch, I., Konda, S. et al. Computer Supported
Cooperative Work (CSCW) (2003) 12: 185.
https://doi.org/10.1023/A:1023976111188

