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ABSTRACT

Rural areas are less attractive and sustainable for people and businesses alike, partially due to inadequate
transport services. In this paper, we address transport-related challenges in rural Norway. The focal aspect
of our approach is to define a set of values for the design and mechanisms of transitioning towards more
sustainable rural transport making a real-life difference for people living in rural areas. We connect UN
sustainability goals and transition design to discuss how these can be operationalized and used throughout
the design process seeking to innovate rural transport. Reflecting on how to find the initial ‘leverage points’
to scaffold the transition to more sustainable transport systems, we explore the possibility of introducing
relevant Key Performance Indicators early on in the design process. We report on our experiences and
findings regarding the use Key Performance Indicators in different phases of a design-led innovation
process.
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1. INTRODUCTION

It has been almost two decades since the field of Human-Computer Interaction (HCI) tried to
reconcile its inherent dichotomies between research and design by focusing on designing for
values, that is, “HCI must be objectively systematic and reliable in the pursuit of subjective
value. Traditional disciplines have delivered truth. The goal of HCI is to deliver value”
(Cockton, 2004). Although the HCI community has been working toward establishing its
sustainability agenda for more than a decade, during the era of fast social, environmental, and
technological changes, views forwarding incremental reductions (e.g., in energy consumption,
individual changes in behavior patterns) are no longer enough (Bendor, 2018; Fredericks et al.,
2019; Light, 2019; Light et al., 2017). The community is now focusing on larger, at scale,
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systemic solutions toward sustainable development (Fredericks et al., 2019; Knowles et al.,
2018; Silberman and Interpreter, 2013). We position the work presented in this paper within this
discussion, in which we focus on the mitigation of challenges that rural communities experience
with the transport sector.

Good transport systems can contribute to the sustainable development of rural areas and
provide people with novel opportunities, such as the freedom to settle where they want and
increase wellbeing (“Ta heile Noreg i bruk - Meld. St. 13,” 2013). The rapid development of
Intelligent Transport Systems, sharing economies and Mobility-as-a-Service (MaaS) concepts
(Alliance, 2017), presents a novel set of potentially better solutions within the sector. In
particular, the development of MaaS concepts for rural areas is acutely needed (“Developing
rural services,” 2017). These concepts are considered enablers of combining transport services
from different providers through a unique service platform in which transport needs can be
custom tailored. At present, MaaS proposals do not cover a spectrum of needs; for example,
transport-induced CO; emissions are not covered (Alliance, 2017). According to the World
Bank, CO; emissions are one of the major contributors to climate change, with transport being
responsible for more than 20% of the global CO, emissions
(www.data.worldbank.org/indicator). Furthermore, some services had to be stopped because of
high costs despite their high popularity (Skollerud, 2014). The coronavirus pandemic in 2020
unexpectedly allowed the world to directly witness the impact of traffic and industry emissions
on air quality (Watts and Kommenda, 2020).

The challenge is to offer an efficient transport system that provides good transport services
to everyone and, at the same time, keeps financial and environmental costs low. This is
especially difficult to achieve in sparsely populated rural areas, where the distances are
considerable and transport resources are limited. Transport systems, being critical centralized
infrastructures (Tomlinson et al., 2015), need to move toward decentralization (ibid.), but such
transformations cannot be done hastily. They involve multiple stakeholders, sometimes with
conflicting interests, require an interdisciplinary approach, and need to continually adapt to
changes in regulations, mobility patterns, and technology. Thus, finding an adequate approach
to tackle this challenge is crucial and requires a more systemic approach.

Recently, transition design (TD) has been proposed as an approach to lead transitions toward
more sustainable futures and is suitable for addressing wicked problems, such as climate change,
over-consumption, pollution, and poverty (Escobar, 2018; Irwin, 2018; Tonkinwise, 2015). It is
based on a sustainable, multi-perspective (cross-disciplinary), value-based, long-term,
forward-looking design and contributes to a better understanding of societal transitions
(Zolfagharian et al., 2019). As such, TD aligns well with our problem of looking into appropriate
solutions for rural transport systems. We build on the premises of TD and, in particular, on
leverage points that may help initiate and carry out sustainability transitions (Abson et al., 2017).

In this paper, which is an extension of the work presented in (Karahasanovic et al., 2020),
we introduce and discuss sustainable transport Key Performance Indicators (KPIs) as a tool
focusing on leverage points, such as CO emissions, to address sustainability in TD processes.
Concerned with real-life solutions and visible improvements in rural transport services, we
focused on how KPIs could align with both sustainability goals and the TD framework. The
motivation to explore KPlIs is based on our need to identify and consider performance measures
already in the design process and use them as building blocks in a larger innovation project
aiming to develop a Maa$S solution especially tailored for rural areas in Norway.
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In what follows, we first discuss existing frameworks that point toward sustainable futures.
We then describe the Sustainable Transport KPIs and report our first practical experiences with
a prototype for finding alternative transport routes that help reduce CO2 emissions.

2. TOWARD SUSTAINABLE FUTURES

To establish an understanding of the broader context of this research and to bridge the
high-level visions and goals related to sustainability and the development of specific solutions,
we first describe national and international efforts to define sustainable futures in general and
sustainable transport in particular. We then discuss design that enables sustainable futures.

2.1 Sustainable Goals and Models

Long-term visions for desirable global futures, co-created by the United Nations (UN), were
articulated through the UN Sustainable Development Goals (SDGs) (“Sustainable Development
Knowledge Platform,” 2015). For this work, SDG 9 (Build resilient infrastructure, promote
inclusive and sustainable industrialization, and foster innovation) is of particular relevance, as
it addresses the importance of efficient transport systems and services as the key drivers of
economic development. The document (ibid.) defines specific targets related to each goal
(e.g., develop quality, reliable, sustainable, and resilient infrastructures, with a focus on
affordable and equitable access for all, promote inclusive and sustainable industrialization,
increase the access of small-scale industrial and other enterprises), as well as specific indicators
that might help reach these targets (e.g., finding out what proportion of the rural population lives
within 2 km of an all-season road, number of passengers and freight volumes by mode of
transport). The SDGs are not mutually independent. Working with transport systems also relates
to other goals, such as SDG 13 (The Climate Action), SDG 11 (Sustainable Cities and
Communities), and SDG 12 (Responsible Consumption).

The Doughnut, Kate Raworth’s iconic model of an economy that respects both social needs
and the ecological boundaries of the planet, is another way of framing sustainable development
(Raworth, 2017, 2012). The doughnut represents a developmental space that is safe and just for
all, respecting a social well-being boundary that no one should fall below, and an ecological
ceiling of planetary pressure that we should not go beyond.

Building on these and on UN and Norwegian policy documents, such as the UN’s policy
document on sustainable transport (“Mobilizing Sustainable Transport for Development,” 2016)
and the Norwegian Transport Plan 2018-2029 (Samferdselsdepartementet, 2017), a list of
specific transport-related goals is suggested (Samferdselsdepartementet, 2017). These goals
highlight the need for reliable available transport that is accessible to all, reduces travel time,
and has an adequate capacity for passengers and goods, and aim to double the global rate of
improvement in energy efficiency (“Mobilizing Sustainable Transport for Development,”
2016).
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2.2 Sustainable Transport

Sustainable transport must meet mobility needs and, simultaneously, preserve and improve
health, the environment, the economy and social justice (Deakin, 2001). Research on sustainable
transport embrace research on electrical and fuel cell vehicles, intermodal transport systems and
mobility-sharing services (i.e., car sharing and bike sharing (Geels et al., 2018). It also examines
passengers' information needs (Papangelis et al., 2016) and user roles and involvement in the
transition to sustainable mobility systems (Sopjani et al., 2019).

Several sustainable transportation indicators have been proposed to aid transport planners
and decision makers (Gudmundsson, 2004) by measuring a transport system’s performance and
economic, social, and environmental impacts. Some indicators relate directly to transport, such
as CO, emissions per passenger mile, while others measure more general social factors, such as
the number of hospital beds. A comprehensive list of indicators of transport sustainability by
Rassafi and Vaziri (2005) includes four categories: social, environmental, economic, and
transport (air, road, rail, and sea). The transport indicators describe the properties of the transport
system, such as number of passengers, number of passenger cars in use, and length of the road
network. Social, environmental, and economic indicators include those that may be influenced
by the transport system, such as commercial energy use, arable land, and interest rates, that are
not directly influenced by transport systems (Rassafi and Vaziri, 2005). The indicators for
passenger transport sustainability proposed by Shiau and Peng add novel environmental
indicators, such as traffic noise and energy density as well as more detailed passenger-related
economic measures, such as average travel time and cost (Shiau and Peng, 2012).

A comprehensive list of indicators of sustainable transport has been proposed by the
European project Sustainable Mobility, Policy Measures and Assessment (Hardy, 2011). It
includes economic outcome indicators (such as the gross added value and benefit of transport),
environmental outcome indicators (such as exposure to transport noise and generation of
non-recyclable waste), and social outcome indicators (such as car independence and pedestrian
friendliness) (Hardy, 2011).

Indicators for sustainable rural transport include transit policy indicators (such as intermodal
travel with transfer fares and the percentage of transit vehicles equipped with bike racks)
(Patrick and Roseland, 2005), environmental indicators (such as direct intrusion ecology),
economic indicators (such as accessibility), and social indicators (such as security and safety)
(Fathoni et al., 2017).

The above-described sustainable transport indicators differ in their scope, level of detail, and
specificity. Some have argued that there is no uniform approach to sustainable transport
indicators and that they can serve diverse users with various priorities (Gudmundsson, 2004).
Particularly, designs for rural areas must address hyper-local needs (Hardy, 2019), and the list
of indicators must be adapted to the specific needs of a rural area.

2.3 Design for Sustainable Futures

The TD community strives to link the more abstract principles of sustainable development to
concrete, designed outcomes. This approach foregrounds the following main areas of research
and design activity (Irwin, 2018) that support transitions to sustainability: (1) finding and using
the appropriate theories of change that support socio-technological transformation;
(2) understanding and developing visions for transition; (3) working with the mindset and
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posture, including values, that are appropriate for transition (e.g., precautionary, explorative,
reflexive, critical, participatory, local, and situated); and (4) discovering and using new ways to
design that lead to impactful, large-scale solutions that contribute to a more sustainable future
(Knowles et al., 2018). In contrast to traditional HCI design approaches (including the more
systemic ones, such as service design, experience design, and sustainable design), which tend
to frame problems within relatively limited spatiotemporal contexts and identify a limited
number of stakeholders and potential conflicts of interests, TD calls for a more holistic approach
that considers the development of ecological and environmental literacy, takes a long-term
perspective, and rethinks potential solutions beyond financial and commercial interests. Within
this approach, design depends on a deep understanding of the dynamic of change within
complex social and natural systems (Irwin, 2015). Furthermore, a new design or solution is
considered to be a single step in a transition toward a long-term goal (ibid.), thus explicitly
promoting continuity in design to meet changing needs in complex situations. TD suggests the
following phases (Irwin, 2018).

e Re-framing the present and future. In this phase, the stakeholder groups collaborate to
visually map the problem space in as much detail as possible and from multiple points of
view, to map stakeholder concerns and relationships that are often contradictory, and to
cocreate compelling visions of a future that will resolve problems, address fears and
concerns, and fulfill hopes and desires.

o Designing interventions. This phase aspires to explore diverse intervention points through
multiple interventions at multiple scales and over multiple time horizons (van Selm and
Mulder, 2019).

e Monitoring and observing. In this phase, observations and reflections are conducted over
time to understand how a system responds to the changes introduced by interventions.

The role of design in TD has been further elaborated by Boehnert, Lockton, and Mulder as
follows: “designing for transitions involves designing how transitions are conceived, enacted,
governed and managed” (Boehnert et al., 2018). However, Van Selm and Mulder note the lack
of case studies with real users to test the TD framework, associated processes, and tools (van
Selm and Mulder, 2019). Furthermore, a lack of actionable components has been identified
(Ceschin and Gaziulusoy, 2016) as well as a lack of methods for the waiting and observing
phase before the next intervention can take place (van Selm and Mulder, 2019).

Recently, a Norwegian guide for the development of sustainable, productive, and resilient
cities and local communities has been introduced to support local and regional authorities,
community groups, researchers, entrepreneurs, and other stakeholders (DOGA, 2019). It
describes the basic principles of sustainable development, prioritizing the climate and
environment and promoting inclusion and co-creation in design processes. The guide suggests
the following phases to move from these principles to smart, sustainable cities and communities:
understanding, creating, experimenting, learning, and building. At present, the guide offers only
key questions related to each of these phases; measures, tools, and best practices are to be added
as the guide evolves.

TD calls for the integration of available design methods from diverse fields to meet the
complexity of the tasks at hand. This often involves tools for working with sustainable business
models. One such tool is the business model canvas, which has been proposed for quickly
sketching business models of services and products (Osterwalder and Pigneur, 2010) and is
among the tools used at the implementation stage of service design (Stickdorn and Schneider,
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2012). The building blocks of this model are directly connected to key service design tools, such
as customer journey maps, personas, prototypes, and service blueprints (Stickdorn et al., 2018).
A madification has been proposed for the business model canvas for nonprofit organizations
(Graves, 2011). Both the original and modified models include a value proposition as a
description of a value (monetary or non-monetary, quantitative or qualitative) that is delivered
to customers and key partners.

In summary, many design and research activities aim to lay out alternative paths toward a
sustainable future. At the moment, however, few approaches can demonstrate good results in
practice.

Our aim is to understand and fill that gap when working to make rural transport more
sustainable. We chose the actionable components (KPIs) in collaboration with real users, which
may enable designed outcomes with good performance measures in real life.

3. KPIs FOR SUSTAINABLE TRANSPORT DESIGN
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Figure 1. The overall project idea. The Smart Transport in Districts (STD) tool plans and dynamically
coordinates the transport of people and goods

The project herein described aims to develop tools and services for MaaS that are specifically
tailored to sparsely populated rural areas. The main idea is to create a holistic system for
transport planning that dynamically coordinates the transport of people and goods to make the
most of transport resources. New services and tools for planning will include carpooling, car
sharing, transport on demand, and using mini-buses and taxis to optimize transport. The project
was driven by the overall goal to “develop quality, reliable, sustainable and resilient
infrastructure, including regional and trans-border infrastructure, to support economic
development and human well-being, with a focus on affordable and equitable access for all,”
which reflects UN Sustainable Target 9.1 (“Transforming our world: the 2030 Agenda for
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Sustainable Development,” 2015). However, the indicator associated with this target—
passenger and freight volumes—is not sufficiently comprehensive. For example, the
abovementioned Norwegian set of national goals (Samferdselsdepartementet, 2017) include
shorter travel times and sustainable transport systems for all in addition to an adequate capacity
for passengers and goods. Although more specific, the Norwegian set of national goals also does
not capture the full complexity of transport in rural areas.

KPls are commonly used to measure the performance of an organization or an activity
(Fitz-Gibbon, 1990). They may be quantitative, such as the number of new customers in
marketing, or qualitative, such as employee satisfaction in human resource management. The
sustainable transport indicators from transport research (described in Section 2.2) offer a broad
spectrum of indicators for planning and monitoring large transport systems. Expanding on this
idea, we used KPIs to operationalize our design for transitions. We developed sustainable
transport KPIs as an instrument to be used throughout the whole lifecycle of the project to
scaffold continued focus on sustainability. Within the TD framework, these KPIs offer leverage
points that help promote changes through design until a desired outcome is achieved.

4. THE CASE: TD FOR SUSTAINABLE RURAL TRANSPORT

In this section, we describe our research context, followed by the data collection and analysis
used in the first phase of the TD process, for reshaping the present and future.

4.1 Research Context

This work was done in the context of a research and innovation project aiming to improve public
transport services in rural areas. The project’s consortium includes a county’s transport section,
a county’s hospital, its municipality administration; a company providing digital services to
public transport in Norway; and a research institute. The project aims to create a holistic system
for transport planning that dynamically coordinates the transport of people and goods to make
the most of transport resources.

The county where the project is situated, Innlandet County in Norway covers a large but
very sparsely populated area with population density of 7.1 inhabitants per km2. Two-thirds of
the county ’s inhabitants live outside the four largest cities. Both the geography and climate are
challenging, featuring high mountains, very cold winters, and warm summers. In addition to the
county’s inhabitants who need transport to work, school, hospital, and various activities, an
increasing number of tourists visit the county and its national parks.

4.2 Data Collection and Analysis

As already stated, transition design supports multiple design perspectives, focusing on careful,
systemic mapping of the design context and on holistic, long-term, dynamic solutions. In the
design processes of particular interventions and in the prototypes used in them, it allows for the
integration of diverse approaches. The development of our design outcomes, including the KPIs
and design interventions, followed a traditional Scandinavian end-user design and evaluation
approach (Svanas and Gulliksen, 2008). This project’s end-user groups included mobility
service users, county employees working with transport planning, general practitioners and
hospital staff ordering transport for patients, and municipal decision-makers.
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Table 1. The role of KPIs in distinct TD phases and activities

TD phase Activity KPIs’ role
Re-framing the present and Project idea development—a Development of the initial list
future workshop with two domain experts of KPIs and project impact
and meetings between project estimates
partners
Project start—two workshops with Development of the KPI list
eight experts in total and the radar diagram to be

used in the project

Mapping the problem, stake- KPIs used to initiate and
holders’ concerns, relations between structure discussions
them, visions for the future—a
workshop with six domain experts

Designing interventions Understanding the problems and KPlIs used to elicit insights
concerns at various system levels— from diverse stakeholders
interviews with 13 participants

Prototyping solutions—four distinct ~ KPIs used as a design element

prototypes were made and evaluated and discussions about

at three workshops with 15 domain monitoring the system
experts in total

The KPIs and design interventions presented here were developed in several iterations. Table
1 gives an overview of KPI development and uses through the first two TD phases. We include
the project idea’s development in the first phase as we believe that the early use of KPIs is
beneficial in developing the idea and choosing the ‘right’ project to work on. The third phase—
monitoring and observing—is not included as our project is still in its first half (month 16 of
36). During the design of interventions, however (particularly in the last two workshops), the
discussion of KPIs partly considered their use to monitor the system’s performance. One should
note that the TD phases are not strictly divided or linear.

The workshops lasted two hours. The first workshops and meetings were organized as
physical meetings in which discussions used whiteboards and included various ideation
techniques, such as brainwriting and brainwalking. Due to the outbreak of COVID-19, the last
three workshops were organized online as Teams meetings. The workshops were moderated by
one of the researchers. The collected material (notes, Post-its, pictures, and drawings) was
analyzed using content analysis. All but three interviews were conducted in face-to-face
meetings. The interviews were conducted in Norwegian, transcribed by an independent
consultant, and then coded and analyzed by two researchers using open coding schema.
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5. SUSTAINABLE TRANSPORT KPIs IN TRANSITION DESIGN

The idea for the project evolved through a dialog between the problem owner (the county
municipality's transport section) and the researchers in several meetings and workshops,
resulting in a joint research proposal to design Maas$S for rural transport. In this initial phase of
the work, a list of KPIs was created, starting with the above-described UN and national goals
and input from experts in transport planning and HCI. The list was then expanded with
additional indicators using a radar chart (see Figure 2) in two workshops to assess the
importance of the KPIs on a scale from 1 (not important) to 3 (very important). The participants
of the first workshop were three experts in transport planning and two HCI experts, whereas the
participants in the second workshop were two experts in transport planning and one HCI expert.
All the participants had long experience (over 20 years) in their fields, and one was female.

—Passengers ——Transport Provider Other KPI1 values:
1- not important

5 Travel Time 2 important

3 -very important

Costs Wait Time

Pick-up
Location

) Ticket Price

. . Environment
Driving Time —_—

Distance

Figure 2. The radar chart was used to elicit the most relevant KPIs for passengers and transport providers

The KPIs found to be most relevant for this project were costs (for passengers, transport
providers, and the municipalities), travel and waiting times for passengers, distance, use of
resources, reduced use of private cars (measured in kilometers), increased income from ticket
sales, impact on the environment, the last mile (distance to the pick-up point), and drivers’
workload. The radar chart was designed to show a passenger’s perspective (e.g., pick-up at
home, travel time, waiting time, ticket price, environment) and a transport provider’s
perspective (e.g., drivers’ workloads, operating costs), but it also had an open category (allowing
both providers and passengers to add new indicators).

In what follows, we describe how sustainable transport KPIs were used in a transition design,
and we give examples of the insights gained from their use.
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5.1 Relating KPIs to Present Concerns and Future Visions

In the next phase, the project stakeholders engaged in a workshop to map the current problems,
create a map of stakeholder concerns, and the relationship between them and the visions for
transition (Irwin, 2018). The participants, six domain experts (three female and three male),
were either had responsible for traffic planning or working with planning on a daily basis. The
KPIs that emerged as the most significant from this work included passenger and freight volume,
monetary and environmental costs, use of transport resources, travel time, and waiting time.
These were further developed through workshops that discussed concerns related to public
transport in the rural county participating in the project.

For example, the discussion on the use of resources revealed that there are many small
entrepreneurs with vans and minibuses that constitute available resources as their use is not
currently optimized. These small entrepreneurs were then included in the list of project
stakeholders who should participate in user studies in later phases of the project.

Furthermore, discussions on passenger/freight volumes and costs revealed the importance
of these topics for many stakeholders in rural areas. The core issue is that, in lightly populated
areas, passenger/freight volumes are low in a range of transport types. One way of keeping costs
at an acceptable level is to allow the combining of different transportation types in future
solutions. The need to include a broad range of stakeholders in the TD process surfaced again
here. Working actively to expand the list of project stakeholders with new ones who might
benefit from joining the project was defined as an important project goal.

In the discussion on travel/waiting time, the issue of motivating citizens to change their
transportation habits was raised. One stakeholder framed this issue as follows: “We transport
people from the place where they don’t want to start their travel to the place where they don’t
want to end it at a time that is not convenient to them. People simply want to go from A to B
when they want, and there is already a perfect solution. It is called a private car. The question is
how to compete with it. How do we motivate people to use public transport?” Exploring how to
encourage people to engage in more environmentally friendly behaviors became one of the
larger project goals.

The sustainable transport KPIs enabled us to be more specific when envisioning the future
and helped us structure our discussion about the project’s expectations and tangible, measurable
goals. One of the examples we used was a calculation of the expected benefits from considering
two KPlIs: environmental cost and passenger volume. We calculated the expected benefits to the
environment (reduced CO2 emissions and fuel consumption) and the increased income for
transport service providers. The calculations showed that, if two persons took public
transportation from Folldal to Alvdal/Tynset (two small Norwegian municipalities) instead of
their private cars for 250 days per year, the reduction in driving distance would be approximately
200 km per day, reducing CO2 emissions by approximately 6 kg and fuel consumption by
approximately 3,000 L yearly, and the public transportation ticket fares would amount to
approximately €5,000 yearly in benefits for the public transport provider.

In summary, working explicitly with KPIs at the very start of the project strengthened the
research agenda and set a range of practical goals for the project. When working with sustainable
transport KPIs, doing concrete exercises and providing examples illustrated the extent of
potential changes.
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5.2 Designing Interventions

The next phase of the process involved “looking up and down system levels in space, and
backward and forward in time” (Irwin, 2018) and implied understanding how the problems and
concerns are amplified or mitigated at different system levels and seen from different time
perspectives. We started this phase by collecting users’ insights and identifying how the current
situation amplified the set of problems. Interviews with project stakeholders were used for the
latter. The interviewees had a broad understanding of the needs and problems related to public
transport in the rural area we observed. We recruited 13 participants (six females and seven
males) from the public sector. Four of them were decision makers in leading municipality
positions, and nine were employees working with transport daily, both at the strategic and
tactical levels. We conducted 11 individual interviews and one interview with two persons at
the same time. Three interviews were conducted over the phone, whereas the remaining ones
were done in face-to-face meetings. During the interviews, the participants were asked to
envision the public transport of their dreams and then critically reflect on it (i.e., find obstacles
to using it). They were also asked to reflect on what is important for them when they use public
transport or want to send goods. They were shown the radar chart and asked to explain what is
important for them and why. We asked them first to answer these questions as citizens of the
county (passengers) and then to answer the same questions from the perspective of their work
position. After discussing the KPIs we presented, we asked them if they could think of their own
indicators.

The participants first talked about their own experiences when using public transport and
what would be needed to motivate them to take a bus or train instead of their own car. We found
that the way in which they weighted different KPIs depended on the situation (that is, there was
no single answer). For example, when asked about the importance of ticket prices and travel
time, one participant said, “I take the bus to work and for leisure activities. When I have children
with me, | take the bus rarely. It has to do with costs. When you have three kids with you, then
you drive yourself. It is cheaper. And this is, this is a challenge. It has to do with costs and not
to mention time.”

The participants added several new indicators, such as the quality of the driver’s service, the
quality of real-time information, and the quality of waiting places, and argued for their
importance when designing new services. The quality of the driver’s service was explained as
follows: “I wrote a ‘good driver,” and, by this, I mean more than his driving style. I mean a
driver who is pleasant to meet on the bus, a driver who is professional and provides good
service. It is these three [indicators] that are very important.”

Discussing environmental KPIs, the participants often considered the problem from a
broader perspective. KPIs helped them understand situations that contributed to current
environmental problems. Two participants explained how the environmental impact of transport
is related not only to the planning of transport services but also to the planning of development.
One participant said, “It is also about how we plan municipality development, where to place
the kindergarten in relation to residential areas.” Another participant said, “We would like to
be involved much earlier in the development of new residential areas and roads. When they
build an area without a space for the bus to turn, it is too late.” Furthermore, discussing
environment KPIs helped identify the importance of collaboration among different stakeholders.
One participant explained how their planning of school bus services depended on school plans:
“It does not help to plan being in front of school A at 8:15 a.m. and in front of school B at 8:30
a.m. if school B starts at 8 a.m. We have to negotiate with them or drive one bus to school A and
another to school B, which is bad for the environment.”
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Figure 2. Front-end prototype of a transport planning tool (in Norwegian). The radar chart and the pie
chart on the right have five KPIs: drivers’ workload, the environment, travel time, distance to the pick-up
point, and costs. Incoming orders are listed on the left side of the screen. The map for the proposed route

is shown at the center

Insights gained helped us define design goals and engage in prototyping different solutions.
For example, the goal to “motivate the increased use of public transport” led to some design
ideas and suggested solutions. One of the proposed solutions explicitly used sustainable
transport KPIs. Figure 2 shows the front-end prototype for a transport planning tool. The
envisioned functionality aims to enable operators to work with transport planning and explore
the effects of different transport solutions on KPIs. The radar chart in the upper right-hand side
allows the operator to prioritize different sustainable transport KPIs for a journey. A user
(a passenger, a customer ordering the transport of goods, or an employee at the transport center)
can choose priorities for a particular trip using the radar chart; for example, low costs are
prioritized over the distance to the pick-up point, travel time, and impact on the environment.
An optimization tool that is a part of the system we are developing proposes an optimized
solution (a travel route shown at the center of Figure 2) according to the chosen criteria. The pie
chart in the lower right corner of the screen summarizes the journeys during a selected day
according to KPIs.

The presentation of KPIs as a design element was further developed in the subsequent
prototypes, and it initiated several discussions about the role and possible use of KPIs in the
prototype we are developing. The first group of suggestions was related to KPIs’ centrality in
prototyping and the need to reflect this in design. The prototypes were intended to clearly
present the selected KPIs visually as well as their priorities and changes through various phases.
Furthermore, the system will learn about passengers’ preferences regarding KPIs. The second
group of suggestions was related to the need to design a new KPI-driven process, which should
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specify the interactions around KPIs between the passengers, the optimization algorithms, and
the operators responsible for transport planning. As the planning system learns about the
passengers’ preferences and behavior over time, the transport services offered to the county’s
inhabitants will adapt accordingly. This must be clearly communicated to the passengers to
clarify how the future process of ordering and planning transport will look and how the
responsibility for selecting sustainable decisions is distributed among transport service users,
the system, and the operators.

In summary, the TD approach, with its pragmatic choice of methods, tools, and techniques,
can be used to create design interventions, including prototypes of more sustainable solutions,
featuring KPIs as a way to evaluate choices.

6. CONCLUSIONS AND FUTURE WORK

We bring the idea of KPIs from business management into TD. Our first experience showed
that sustainable transport KPIs were useful in mapping the problem, mapping stakeholder
concerns, envisioning the future, obtaining user insights, identifying the current situations that
contribute to the problem, and designing interventions. They enabled us to remain focused on
sustainability and to sustain common themes through the projects. The insights gained from
various phases of the project allowed us to work toward sustainable solutions. KPIs and the
associated radar charts worked very well to initiate and structure the discussion in workshops
and interviews. They worked well for both individual and group interviews and for both online
and face-to-face interviews. However, it was easier to follow up on participants’ opinions with
additional questions during face-to-face interviews. The indicators also made the analysis of the
collected data straightforward as the data collection (e.g., workshops and interviews) was
already structured around KPIs and KPIs were used to generate the coding schema (e.g., content
analysis of the related projects). This work adds KPIs as an instrument to operationalize design
for transitions, meeting the need for actionable components and methods (Ceschin and
Gaziulusoy, 2016) (van Selm and Mulder, 2019).

Although KPIs showed their usefulness, more studies are needed to elaborate when and how
they can be used successfully. We applied KPIs on a project in the transport sector, and we
believe that the same approach may be useful in other domains. As this is ongoing work, we
have not yet applied sustainable transport KPIs to evaluate the effect of the interventions
introduced by the project. Nevertheless, we believe that sustainable transport KPIs can be
beneficial in measuring the short- and long-term effects of TD projects, providing leverage
points that ease the transformation of the current situation to a sustainable one. Future work
includes further development of this instrument to gain a better understanding of its role in real-
life transitions toward sustainable rural transport.
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