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Abstract

This paper reports on the results of a design science research (DSR) study that
develops design principles for information systems (IS) that support
organisational sensemaking in environmental sustainability transformations. We
identify initial design principles based on salient affordances required in
organisational sensemaking and revise them through three rounds of
developing, demonstrating and evaluating a prototypical implementation.
Through our analysis, we learn how IS can support essential sensemaking
practices in environmental sustainability transformations, including experiencing
disruptive ambiguity through the provision of environmental data, noticing and
bracketing, engaging in an open and inclusive communication and presuming
potential alternative environmentally responsible actions. We make two key
contributions: First, we provide a set of theory-inspired design principles for IS
that support sensemaking in sustainability transformations, and revise them
empirically using a DSR method. Second, we show how the concept of
affordances can be used in DSR to investigate how IS can support organisational
practices. While our findings are based on the investigation of the substantive
context of environmental sustainability transformation, we suggest that they
might be applicable in a broader set of contexts of organisational sensemaking
and thus for a broader class of sensemaking support systems.
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Introduction
Information systems (IS) have become a key resource to assist organisations
in their efforts of becoming environmentally more sustainable (Butler,
2011; Elliot, 2011; Melville, 2010). IS can support environmental sustain-
ability transformations — a type of organisational change projects aiming at
the reduction of resource consumption and environmentally harmful
outputs — by enabling organisations to make sense of the situation and, in
turn, implement more sustainable practices (Butler, 2011; Degirmenci &
Recker, 2016; Seidel, Recker, & vom Brocke, 2013). Sustainable practices are
recurrent activities that exert minimal negative impact on the environ-
ment, in terms of resource consumption and environmentally harmful
outputs (compare Goodland, 1995; Seidel et al, 2013).

Sensemaking plays a crucial role in environmental sustainability trans-
formations because such transformations are complex in that they relate to
individual, organisational, governmental and societal factors (e.g., Elliot,
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2011), involve information from various external and
internal sources (e.g., Butler, 2011), rely on managerial
interpretation, strategy and policy definition (e.g., Bansal
& Roth, 2000) and are associated with both utilitarian
and non-utilitarian values (e.g., Collins et al, 2007), as
summarised in Seidel et al (2013). By making sense of the
situation, individuals throughout the entire organisation
“frame, interpret and understand the multilayered and
complex issues related to the environmental sustainabil-
ity transformation” (Seidel et al, 2013, p. 1281). This
social process of organisational sensemaking, in turn,
allows for the formation of collective action (Maitlis,
2005; Thomas et al, 1993; Weick et al, 2005).

In this paper, we respond to recent calls to investigate
how IS should be designed that support the implemen-
tation of environmentally sustainable practices (Melville,
2010; Seidel et al, 2013; Watson et al, 2010) by identifying
design principles for IS that support sensemaking in
environmental sustainability transformations. Our
research question is (please note that the research
question has been reformulated in the course of the
study while we remained faithful to its essence):

What are appropriate design principles for IS for sensemaking
(i.e., sensemaking support systems) in environmental sustainabil-
ity transformations?

To address this question, we conducted a design
science research (DSR) study to develop a set of design
principles that concern a class of information systems,
that is, the product of design (livari, 2010; Walls et al,
1992). We identified an initial set of design principles
grounded in prior literature and revised these through
multiple rounds of designing, demonstrating and eval-
uating a prototypical implementation. We use the
concept of affordances (Leonardi, 2011; Markus & Silver,
2008) to describe the action possibilities required in
sensemaking in environmental sustainability transfor-
mations, as well as the material properties of informa-
tion technology (IT) that afford these possibilities. Our
objectives are to (a) identify design principles, (b) eval-
uate and revise these design principles through the
implementation, demonstration and evaluation of a
purposeful IT artefact and (c) enhance our understand-
ing of using the concept of affordances as an appropriate
lens to study the design of IT artefacts that support
organisational processes.

While our design science research study is in the
substantive context of environmental sustainability
transformation, and we thus develop design principles
for a specific class of information systems (sensemaking
support systems for environmental sustainability transforma-
tion); we hope that through our work we can also
contribute to our understanding of how a broader class
of sensemaking support systems might be designed. We
define sensemaking support systems as information systems
that support organisational sensemaking activities.

The next section provides the research background by
focusing attention on organisational sensemaking (with
particular focus on sensemaking in environmental sus-
tainability transformations), information systems that
support sensemaking, and the concept of affordances as a
lens to study the design of information systems for
supporting organisational practices. We then describe the
design science research approach we used. This is
followed by the initial set of design principles derived
from prior theory and the description of three rounds of
developing, demonstrating and evaluating a prototypical
implementation, through which both the artefact and
the underlying design principles were revised. We discuss
our findings and provide a conclusion.

Theoretical foundations

Sensemaking in environmental sustainability
transformations

Literally, sensemaking means “the making of sense”
(Weick, 1995, p. 4) or “making something sensible”
(Weick, 1995, p. 16). More specifically, sensemaking
“starts with chaos” (Weick et al, 2005, p. 411) and is a
circular process that involves noticing and bracketing of
flux of experience, cognitive work to select a plausible
story and retaining that story for further enactments
(Weick et al, 2005). When humans make sense, they place
stimuli into an available frame of reference and become
able to “comprehend, understand, explain, attribute,
extrapolate and predict” (Starbuck & Milliken, 1988,
p- S1).

Sensemaking can be understood in both individual
(e.g., Dervin, 1998, 1999) and organisational contexts
(e.g., Churchman & Hanisch, 2005; Hasan & Gould,
2001; Maitlis & Christianson, 2014; Maitlis et al, 2013;
Weick, 1995; Weick et al, 2005). Organisational sense-
making is a social process where actors interpret their
environment through interactions and construct mean-
ing that allows them to comprehend the world and to act
collectively (Maitlis, 2005). Accordingly, sensemaking in
environmental sustainability transformations is an
organisational phenomenon involving individuals across
the entire organisation (Seidel et al, 2013).

While initially seen as merely cognitive — people form
shared mental cause maps — the focus of sensemaking has
shifted towards a social-constructivist perspective, where
people construct actionable intersubjectivity through
language (Sandberg & Tsoukas, 2015). Corporate social
responsibility activities, for instance, result from organ-
isationally embedded cognitive and linguistic sensemak-
ing processes (Basu & Palazzo, 2008). Sensemaking is
about the materialisation of meaning and it relies on
language and communication (Whiteman & Cooper,
2011) - “Situations, organisations and environments are
talked into existence” (Weick et al, 2005, p. 409). Con-
sistent with this view, sensemaking in environmental
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sustainability transformations involves engagement in
communicative actions about the sustainability theme
(Seidel et al, 2013).

Sensemaking and action are intricately related — sense-
making is transient in nature and determines human
behaviour, sensemaking and organising (i.e., the process
of becoming organised) are mutually constitutive, and
sensemaking is about the interplay of action and inter-
pretation in organisational practice (Weick et al, 2005).
Sensemaking can be described in terms of a reciprocal
interaction of seeking information, ascribing meaning
and acting (Thomas et al, 1993, p. 240). Sensemaking is
both retrospective and prospective (Bolander & Sandberg,
2013; Corley & Gioia, 2011; Gioia, 2006; Gioia &
Chittipeddi, 1991; Gioia, Corley, & Fabbri, 2002; Thomas
et al, 1993; Weick et al, 2005), consistent with the view
that sensemaking provides the ground for the implemen-
tation of sustainable practices (Seidel et al, 2013). In
environmental sustainability transformations, individu-
als “imagine and articulate meaningful alternatives to the
current situation” (Seidel et al, 2013, p. 1281), which can
lead to the alteration of work practices.

Against this background, we view sensemaking as
process-oriented, organisational, social-constructivist
and involving both retrospective and prospective ele-
ments. In environmental sustainability transformations,
sensemaking is an organisation-wide process where indi-
viduals engage in interpretation and the construction of
meaning related to organisational sustainability and
where they imagine, articulate and evaluate alternative
actions to provide the ground for the implementation of
sustainable work practices. The process-oriented under-
standing of sensemaking allows us to identify key activ-
ities that occur in organisational sensemaking and that,
in turn, provide the basis for developing information
systems that support sensemaking:

1. Sensemaking is triggered by disruptive ambiguity
(Weick et al, 2005), and different events exist that
can act as triggers: major or minor planned or
unplanned events, or hybrids of these (Sandberg &
Tsoukas, 2015). A planned change initiative such as an
environmental sustainability transformation, for
instance, falls into the category of a major planned
event (Sandberg & Tsoukas, 2015).

2. Sensemaking begins with acts of noticing and brack-
eting as those involved in the sensemaking process
extract cues and create initial sense which can be
further interpreted (Weick, 1979, 1995). Through
noticing and bracketing, the world is simplified, the
flux of circumstances begins to be ordered and the
basis is provided for performing a narrative reduction
and generating a plausible story (Weick et al, 2005).
This plausible story, in turn, is retained and can guide
further action and interpretation (Weick et al, 2005).

3. In this line of thinking, sensemaking requires labelling
and categorising. Through labelling and categorising,
the stream of experience gets stabilised, and those

involved in the sensemaking process are allowed to
find common ground (Weick et al, 2005).

4. Sensemaking involves presumption to guide action -
sensemaking connects the abstract with the concrete,
it “starts with immediate actions, local context and
concrete cues” (Weick et al, 2005, p. 412). By adopting
such view, we focus attention not only on the
question “what’s the story here?”, but also “what do I
do next?” (Weick et al, 2005, p. 412). Once individuals
in organisations are aware of the issues that they face
in their current situation (e.g., organisational practices
that are currently unsustainable, and should be
changed to become more environmentally sustain-
able), they can start to anticipate trajectories and act
effectively (Klein, Moon, & Hoffman, 2006a).

5. Organisational sensemaking involves communication:
“We see communication as an ongoing process of
making sense of the circumstances... The sensemak-
ing, to the extent that it involves communication,
takes place in interactive talk and draws on the
resources of language in order to formulate and
exchange through talk... symbolically encoded repre-
sentations of these circumstances. As this occurs, a
situation is talked into existence and the basis is laid
for action to deal with it” (Taylor & Van Every, 2000,
p- 58). Sensemaking is social and systemic — the locus
of relevant knowledge is system-wide (Weick et al,
2005) and it is influenced by a variety of factors (Weick
et al, 2005) such as context, cognitive frames, lan-
guage, identity, politics, emotion or technology (Sand-
berg & Tsoukas, 2015).

To summarise, people experience disruptive ambiguity,
turn circumstances into words through acts of noticing
and bracketing, combine retrospective and prospective
elements, use presumption to guide action and ultimately
provide a launch pad for action (Weick et al, 2005). This
understanding of salient sensemaking activities — with our
explicit focus on making sense to prepare ground for action —
gives a framework for our understanding of what sense-
making support systems should allow for — and hence says
something about how they should be designed.

The role of information systems in sensemaking
Sensemaking is influenced by technology — information
technology in particular — (Sandberg & Tsoukas, 2015) and
information systems can support sensemaking in organi-
sations (Massey & Clapper, 1995; Weick & Meader, 1993;
Zammuto et al, 2007). Information systems are formal
socio-technical systems using information technology to
store, process and disseminate information (Piccoli, 2012).
Task narrative forums, knowledge representation for-
ums, interpretive reading forums, theory building forums
and intelligent agent forums can support knowledge
workers in making and taking perspective (Boland Jr &
Tenkasi, 1995). Such forums are based on the language
game model (Astley & Zammuto, 1992; Wittgenstein,
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2010) and place emphasis on the importance of narrative.
They apply the narrative mode of cognition (Bruner,
1990) that suggests that people do not only rationally
process information, but also construct stories of their
self and the world. While information from diverse
sources plays a salient role in making sense of a situation
(Weick & Meader, 1993), information overload can
prevent people from actively making sense (Klein et al,
2006a) as they just passively process the given informa-
tion without actively seeking relevant information in
support of their assumptions (Hedberg & Jonsson, 1982).

Further important aspects related to information sys-
tems and sensemaking in organisations include: design-
ing semi-confusing IS to trigger sensemaking (Hedberg &
Jonsson, 1982), sensemaking of accounting data in
organisational analysis (Boland, 1984), designing IS to
support distributed cognition (Boland et al, 1994), com-
puter-mediated communication technologies to help
employees make sense of their work environment
(Churchman & Hanisch, 2005), supporting sensemaking
in crime investigation (Bex et al, 2007), sensemaking in
intelligence analysis (Baber et al, 2016), using scenarios as
a sensemaking device (Wright, 2005), using data-frame
theory for sensemaking (Klein et al, 2006b), the applica-
tion of Cultural-Historical Activity Theory concepts in
supporting sensemaking activity of managers (Hasan &
Gould, 2001) and requirements to support collaborative
sensemaking such as supporting shared representation
and consensus building and reaching agreement (Uma-
pathy, 2010). In environmental sustainability transfor-
mations, information systems with monitoring, analysis
and presentation features allow individuals to reconsider
beliefs, actions, outcomes of work practices, and infor-
mation access and interaction features allow individuals
to actively participate in the sensemaking process,
thereby providing the ground for the implementation
of sustainable practices (Seidel et al, 2013).

To summarise, information systems can support organ-
isational sensemaking in general and sensemaking related
to sustainability transformation in particular. Prior liter-
ature gives important insight about the design of sense-
making support systems - communication platforms
allowing for narratives provide a basis for cognition
through narratives, semi-confusing or eye-opening infor-
mation can help trigger sensemaking or information
overload ought to be avoided to allow for an effective
IS-supported sensemaking process. As this paper develops
a set of theoretically and empirically grounded design
principles, it contributes to the debate on how informa-
tion systems can support sensemaking (e.g., Weick &
Meader, 1993) and how such systems should be designed
(e.g., Muhren et al, 2008; Parrish, 2008; Umapathy, 2010).

Affordances as a lens to study the design of information
systems for organisational practices

Understanding how to build information systems for
sensemaking means understanding how to design for an
IS-enabled organisational practice. Such organisational

practice involves human actors and is characterised by
human agency and indeterminacy. Technology cannot
deterministically lead to a sensemaking process to occur.
Technology might, however, provide potential for action
and pattern organisational practices in a non-determin-
istic way (Fayard & Weeks, 2014; Seidel & Berente, 2013).
When developing information systems for organisational
practice, we look to design for action potential — in our case,
we are interested in providing an actionable space for
individuals in an organisation to make sense. We turn to
the concept of affordances that allows us to get at the
relationships between information technologies and
their context of use, and helps us understand what it
means to design for practice (Fayard & Weeks, 2014;
Markus & Silver, 2008).

Information technologies provide affordances for prac-
tices (Fayard & Weeks, 2014) — such as organisational
sensemaking — and these affordances are realised through
their enactment (Volkoff & Strong, 2013). The concept
originates from the field of ecological psychology where
it describes what actions the environment permits to
animals (Gibson, 1977). IS scholars have tended to
diverge from Gibson’s original formulation of the con-
cept, where it is assumed that animals directly perceive
what an object can be used for, and highlight that actors
often interpret how to use information technology in light
of their action goals (Leonardi, 2011; Markus & Silver,
2008; Seidel et al, 2013).

A tension has been highlighted between the relational
(i.e., affordances are relationships between actors and
technical objects) and dispositional (i.e., affordances are a
property of the technical object) nature of affordances
(Faraj & Azad, 2012; Fayard & Weeks, 2014; Jung &
Lyytinen, 2014). The dispositional view of affordances in
particular has been adopted in the field of human
computer interaction (e.g., Hartson, 2003; Norman,
1988, 1999), where affordances are intentionally
designed into a system. In the IS field, most scholars
conceptualise affordances as relationships between infor-
mation technology and users (e.g., Faraj & Azad, 2012;
Jung & Lyytinen, 2014; Leonardi, 2011; Markus & Silver,
2008; Treem & Leonardi, 2012), but it is also maintained
that such affordances (i.e., the relationships) are provided
to groups of users by specific material properties of
information technologies, which also highlights the
dispositional nature of affordances. Affordances “chan-
nel” specific behaviour - although they are not deter-
ministic in that they don’t deterministically lead to a
certain (intended) practice (Fayard & Weeks, 2014,
p. 243). Further, it is clear that many affordances are
identified with regularity (Treem & Leonardi, 2012) and
that thus the same or similar practices occur across the
same organisation (Seidel et al, 2013) or across different
organisations (e.g., Strong et al, 2014; Zammuto et al,
2007). Examples include business process management
tools that afford the visualisation of work processes
(Zammuto et al, 2007), features of knowledge sharing,
acquisition, maintenance and retrieval that afford virtual
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collaboration (Zammuto et al, 2007) or structured data
entry forms and common databases that afford capturing
and archiving digital data about patients in healthcare
(Strong et al, 2014). Still, this does not exclude that IT
artefacts are often used in idiosyncratic ways, and that
individuals identify and act upon different affordances in
different contexts.

We adopt the view that affordances are both disposi-
tional and relational, that affordances describe how
technologies non-deterministically pattern organisa-
tional practices and that many affordances occur with
regularity across time and context. Affordances are both
real and external (affordances of a technology) while, at
the same time, they are relative to the observer (individ-
uals identify affordances in their social context). This is
consistent with the perspective taken in affordance-based
design (Maier, 2011; Maier & Fadel, 2009), where it is held
that designers specify the properties that afford certain
uses to certain users (Maier & Fadel, 2009). In this view,
technologies may indeed be purposefully designed,
stable and affording the same practices across contexts
and time - as is essential in DSR studies as well as in
design practice. This concept thus gives us a suitable lens
to study the design of information systems artefacts:

1. When designing for practices, designers must consider
the relationships between artefacts and humans
instead of simply designing physical artefacts. The
boundary conditions under which certain material
properties afford certain practices must be explicated.

2. Problems associated with a mere function-oriented
approach can be avoided. Functions of a system are
form-independent, describe what an artefact is
intended to do, and denote the transformation of an
input stage into an output stage by the artefact (Maier
& Fadel, 2009). This view does not adequately capture
the activities that are permitted through the artefact
when it is used by humans. No information technol-
ogy can have the function of “sensemaking,” but
information technology can support sensemaking by
providing appropriate affordances.

3. Design science research is a construction process
(Tivari, 2007), and the concept of affordance allows
for the construction and exploration of different
designs. The same required practice might be afforded
by different material properties of information tech-
nology, and any proposed design must be evaluated in
terms of its utility(Winter, 2008) — that is, does the
system indeed afford sensemaking? It cannot be
claimed that any solution is the best solution possible
in the sense of ‘true’ knowledge (Niehaves, 2007).

We can now formulate design principles in the follow-
ing form consistent with the view that affordances can be
deliberately designed while they are relationships
between material properties of a system and specific user
groups including boundary conditions (compare Chan-
dra et al, 2015):

Provide the system with [material properties such as
specific features] to afford users [activity of user/group
of users], given that [boundary conditions].

That is, we seek to identify the abstract relationships
between the practices that environmental sensemaking
support systems should afford and the material properties
that provide those affordances to certain user groups.
Material properties are those aspects that are intrinsic to
the technology in terms of matter and form and that are
not part of the social context and endure across contexts
and time (Leonardi, 2012). Examples include algorithms
or graphical user interface elements such as text boxes or
scrollbars. Materiality thus refers to those aspects that can
be thought of to be available to all users in the same way
(Leonardi, 2012) - but perhaps afford different user
actions depending on context of use. In this paper, we
use the notions features and material properties inter-
changeably - i.e., features are material properties (com-
pare Markus & Silver, 2008 and Leonardi, 2012 for using a
similar lexicon).

Design science research approach

Our ultimate goal is to develop a set of empirically
grounded design principles for systems that support
sensemaking in environmental sustainability transforma-
tions, that is, an IT meta-artefact which constitutes a
general solution as it describes a class of technologies and
which can be instantiated into concrete IT artefacts
(Tivari, 2010, 2015). Design principles capture the knowl-
edge “...about creating other instances of artefacts that
belong to the same class” (Sein et al, 2011, p. 3). They are
statements that guide or constrain actions (Hevner &
Chatterjee, 2010), are prescriptive in nature, constitute
the basis for action (Baskerville & Pries-Heje, 2010) and
are an appropriate way to communicate findings to both
technology-oriented and management-oriented audi-
ences, as is important in DSR (Hevner et al, 2004).

We used a staged research process informed by the
work of Peffers et al. (2007) that allowed for multiple
iterations of both the design principles and the develop-
ment of an artefact (i.e., an information technology with
certain material properties) to demonstrate and evaluate
those design principles. We went through three itera-
tions. Figure 1 visualises the research process.

Our study started with the identification and for-
mulation of the problem and objectives (stage 1).
The natural environment is under imminent pressure, and
organisations are a main contributor to this problem
(Melville, 2010). To address this issue, organisations must
become more environmentally sustainable through
reduced resource consumption, emissions and waste
(Goodland, 1995). Sensemaking is a salient process in
such transformation efforts (Butler, 2011; Seidel et al,
2013), constitutes a relevant business need (Hevner et al,
2004) and knowledge about the design of IS that support
sensemaking is indispensable (Butler, 2011; Seidel et al,
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Y
Problem Formulation and Formulation of Desigr] Design and Demonstration and
Objectives Principles > Development > Evaluation
(1) (2) (3) (4)

Figure 1 High-level research process.

2013). The study therefore aims to develop design princi-
ples that describe a class of systems that are a means to the
purpose of sensemaking and that can be applied in
multiple settings (that share boundary conditions in terms
of organisational sustainability transformation).

In our conceptual development phase, we identified
initial design principles based on the salient affor-
dances required in the sensemaking process as well as
material properties to provide those affordances (stage
2). We aimed to atomise the problem conceptually so
that our solution could capture its complexity (Peffers
et al, 2007).

In the design and development stage (stage 4),
the design principles were translated into a prototypical
implementation (a web-based platform hosted at the case
organisation) that built the foundation for subsequent
rounds of demonstrating and evaluating the artefact. The
artefact we built was thus theory-ingrained (Sein et al,
2011) and embedded the research contribution in its
design (Peffers et al, 2007). To develop an implementa-
tion that met the latest technology standards, a software
developer with experience with the state-of-the-art web
technologies was part of the research team and team of
authors.

Through our demonstration and evaluation (stage
§5), we showed the feasibility of the proposed design,
explored what material properties afford what action and
further developed the design principles. In the first two
rounds, we used two primary data sources, usage data (what
people did on the platform in terms of discussions, etc.)
and focus groups (subsequent to each cycle, two focus group
discussions were organised with users of the platform).
Quantitative information about the usage of the system is
in Appendix B and details about the focus groups are in
Appendix C. The analysis of usage data allowed us to see
whether affordances were indeed enacted. From the focus
groups, we could see whether participants interpreted the
technology to afford the intended practices (Appendix C.2
describes the instrument we used to evaluate in how far
certain material properties were interpreted by individuals
to give raise to certain affordances). The focus groups also
allowed us an in-depth inquiry about what material
properties were seen as affording — or even constraining —
sensemaking practices.

Through the analysis of data, we compared the objec-
tives of the solution to actual observed results from using
the system in practice (Peffers et al, 2007). Whenever we

identified discrepancies between intended and actual
outcomes in terms of affordance identification and
enactment, we explored alternative or additional mate-
rial properties that might create the required affordances.
If necessary, the design principles were revised. We
analysed both qualitative (what users wrote on the
platform) and quantitative data (number of posts, num-
ber of votes, etc.) and conducted a process of top-down
coding (Urquhart, 2013) where usage and focus group
data were compared with the identified affordances and
material properties. We used the set of affordances as a
coding scheme for both the usage data and the focus
group data. For each affordance, we went through the
data we collected and looked for evidence that (a) the
affordance was enacted and what material properties
allowed for this enactment (this could be seen from usage
data) and (b) certain material properties were interpreted
to give rise to certain affordances (this could be seen from
the focus groups). Focus group data and usage data were
thus used to triangulate across methods of data collec-
tion. The first two authors were involved in analysing the
data to corroborate the findings, and further sought
agreement with the third author. In the case of disagree-
ments, these disagreements were discussed and consent
was sought, thereby ensuring inter-coder agreement.
Throughout the process, we remained open to discover
whether the material properties gave rise to any affor-
dances that were not intended by the developers.

The research setting was a small-sized university with
less than 1000 students. The organisation provided a
suitable setting to demonstrate and evaluate our design:
At the time of the study, the organisation had embarked
on a sustainability transformation and had formulated a
sustainability vision including items such as “the univer-
sity is an exemplar of sustainable thinking and acting in
the region and worldwide” and “material resources are
used collectively.” Even though sustainability was a
strategic goal of the organisation, there was no dedicated
channel for everybody to discuss sustainability-related
topics. Still, there were some isolated initiatives instilled
by management (e.g., definition of a vision), research
teams (e.g., research on sustainable architecture) and staff
and students (e.g., initiatives on green mobility).
Through preliminary workshops with representatives
from all stakeholder groups, the needs for transparency
and a dedicated communication channel became per-
ceptible. We invited potential participants through

European Journal of Information Systems



Design principles for aking support systems

Stefan Seidel et al

e-mails, Facebook posts, posters, info sessions in the case
organisation’s cafeteria and QR codes. To encourage
participation, we announced that the most successful
contributors would be awarded gift vouchers.

Conceptual development: design principles
for sensemaking support systems
in environmental sustainability transformations
The process-oriented view of sensemaking gives us the
requirements for the overall concept of a sensemaking
support system in terms of the activities that the system
should afford: triggering disruptive ambiguity and sur-
prise, noticing and bracketing, open and inclusive com-
munication and presumption and action planning. Prior
theory thus provides kernel theory (Gregor & Jones, 2007;
Walls et al, 1992) that can help explain why a design for
environmental sensemaking support systems is expected
to work (Gregor & Hevner, 2013). In the spirit of design
science research as constructive research (Iivari, 2007),
our design principles are the result of a construction
process where we identify prospective material properties
informed by previous literature on sensemaking in sus-
tainability transformation (Seidel et al, 2013) and key
capabilities of information systems to store, process and
disseminate information (Piccoli, 2012). We further con-
sider the boundary conditions in terms of organisational
sustainability transformation and define the user groups
as actors in an organisation that has embarked on an
environmental sustainability transformation.
Sensemaking is triggered by disruptive ambiguity (i.e.,
surprise) — an understanding that roots back to the theory
of cognitive dissonance (Festinger, 1957). When experi-
encing surprise, individuals think, “I knew I had to
(blank), but I had no idea I would feel (blank) about it”
(Louis, 1980, p. 238). Ambiguity, inconsistency, imper-
manency and multiple perspectives can counteract sta-
bility (Hedberg & Jonsson, 1982). In environmental
sustainability transformations, organisational actors
experience dissonance when required to take part in
promoting and performing sustainability-related actions,
or when they are confronted with actual consumption
and emission data about which they had no clear idea.
Showing environmental indicators as well as indicators in
relation to work practices can help individuals to recon-
sider beliefs, actions and outcomes of their work practices
(Seidel et al, 2013), which is consistent with the idea that
the provision of information can lead to “planned con-
fusion” and destabilise organisations to better cope with
variety in their environments (Hedberg & Jonsson, 1978).
To trigger disruptive ambiguity and surprise, a sensemak-
ing platform should use dissemination features of IT to
provide eye-opening information related to facts, obser-
vations or general behaviour related to the sustainability
topic (Seidel et al, 2013). Correspondingly:

Design Principle (DP) 1: Provide novel information in the
form of environmental facts, observations or general behaviour, so

that the system affords users to experience disruptive ambiguity
and surprise in sustainability transformations.

In the early stages of the sensemaking process, actors
crudely extract cues and create a raw map to explain the
problem. Events that have already occurred are given a
name, and the streaming of experience is stabilised
through categorisation and labelling (Weick et al, 2005).
Sensemaking can be viewed as an act of invention and
thus produces artefacts including language games and
text (Weick, 1995). Besides, it may emerge as “plausible
images” (Weick et al, 2005), that is, in the form of either
verbal or graphic representation. IS for sensemaking must
therefore provide features for storing and categorising
relevant cues, because such features are expected to afford
noticing and bracketing, and thus explanation of the
problem and the creation of meaning. Correspondingly:

DP 2: Provide features to store and categorise ideas, so that the
system affords noticing and bracketing to users in environmental
sustainability transformations

Environmental sustainability transformations require
the involvement of individuals across all functional areas
and levels of the organisation (Seidel et al, 2013) and
sensemaking in environmental sustainability transforma-
tion is thus collaborative. Sensemaking combines indi-
vidual and social grounds and some authors regard
communication an essential component of sensemaking
(e.g., van der Heijden et al, 2012; Weick et al, 2005).
Through social interaction, individuals gain different
insights and viewpoints that otherwise may not have
been accessible. The sharing of understanding is similar
to articulation, where tacit, past-oriented and private
cues are transformed to become explicit, public and
situation-relevant (Taylor & Van Every, 2000). As we see
sensemaking as both retrospective and prospective (i.e.,
as transient), cues can be both past oriented (in the sense
of reflection) and future oriented (in the sense of
presumptions). To afford an open and inclusive commu-
nication, sensemaking support systems should provide
features to allow actors to engage in an interactive
discussion with other members:

DP 3a: Provide features for interactive communication, so that
the system affords users to engage in an open and inclusive
discussion in environmental sustainability transformations

Moreover, for this communication to be afforded
on a social ground, actors need to be aware of other
actors that may or may not participate in the
communication:

DP 3b: Provide users with an overview of all other users along
with features for direct communication between users, so that the
system affords users to engage in an open and inclusive discussion
in environmental sustainability transformations

Answering the important question of “what should I do
next?” requires actors to make presumptions about the
potential actions and their outcomes. At this stage in the
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sensemaking process, the sense is nearly made and
articulated. Sensemaking support systems can play a role
in enhancing the plausibility and guide action by
informing users about the possibilities of outcomes
resulting from a set of various actions; different hunches
need to be tested in order to filter out what actions are
most plausible (Weick et al, 2005). The notion of
presumption highlights the prospective (i.e., future)
orientation of sensemaking (Gephart, Topal, & Zhang,
2012) to differentiate it from mere reflection. Presump-
tion is a process where individuals prospectively review
various action-outcome alternatives before allowing an
alternative to guide their action. At this, plausibility is
more relevant than accuracy, as a presumption does not
necessarily possess absolute truth. Individuals build their
future projection on reflectively constructed schemes,
that is, through “selective reconstruction and creative
elaboration of prior entities or through the invention of
new ones” (Gephart et al, 2012, p. 296). To afford
effective and sensible action planning, it is necessary to
provide features that allow for the categorisation of
action possibilities into (a) mere presumption or (b) fea-
sible, executable, sensible action. Correspondingly:

DP 4: Provide features for categorisation of action alternatives to
distinguish presumptions from actual planned actions, so that the
system affords users presumption and action planning in envi-
ronmental sustainability transformations

Please note that originally we used the term “presump-
tive disclosure”; in a later stage, we revised the terminol-
ogy to increase simplicity and understandability. Next,
we describe how our research evolved through two cycles
of building, intervention and evaluation as well as
subsequent formalisation in terms of revising the design
principles.

Table 1 Overview of

Table 1 provides an overview of the initial design
principles.

First round of development, demonstration
and evaluation

Design and development
Table 2 provides an overview of how the initial design
principles were implemented.

The system’s start screen provided an overview of
available topics (Figure 2), intended to provide an entry
point for an organisational sensemaking process. We
posted four initial topics that users could easily relate to
their own behaviour: (1) disposable plastic cups, (2) paper
towels, (3) printouts and (4) waste, including data and
explanations. Since the platform was intended to stim-
ulate users to identify problems and engage in a sense-
making process, no specific problems associated with
these topics were posted.

In order to allow users to experience disruptive
ambiguity and surprise (DP 1), for each topic, the
platform provided basic information about environmen-
tal concerns and relevant indicators. These indicators
concerned the source capabilities (Goodland, 1995) of
the organisation (e.g., the consumption of paper) as well
as the sink capabilities (Goodland, 1995) (e.g., the waste
generated). Figure 3 displays data about the paper con-
sumption at three different departments from December
2011 to May 2013 as shown on the platform, which can
be considered eye-opening information that might lead
to “planned confusion” (Hedberg & Jonsson, 1978).

In order to afford noticing and bracketing (DP 2),
the platform allowed users to create their own topics
(“create topics”) and to comment on topics (“comment”),

initial design principles

# Design principle specification

Affordance

Material properties

DP1 Provide novel information in the form of environmental facts,
observations or general behaviour, so that the system affords
users to experience disruptive ambiguity and surprise in
environmental sustainability transformations

DP2 Provide features to store and categorise ideas, so that the
system affords noticing and bracketing to users in
environmental sustainability transformations

DP3 a. Provide features for interactive communication, so that the
system affords users to engage in an open and inclusive
discussion in environmental sustainability transformations
b. Provide users with an overview of all other users along with
features for direct communication between users, so that the
system affords users to engage in an open and inclusive
discussion in environmental sustainability transformations

DP4  Provide features for categorisation of action alternatives to
distinguish presumptions from actual planned actions, so that
the system affords users presumption and action planning in
environmental sustainability transformations

Triggering disruptive ambiguity
and surprise

(Sandberg & Tsoukas, 2015;
Weick et al, 2005)

Noticing and bracketing
Labelling and categorising
(Weick, 1979, 1995; Weick et al,
2005)

Open and inclusive
communication

(Sandberg & Tsoukas, 2015;
Taylor & Van Every, 2000; Weick
et al, 2005)

Presumptive disclosure and
action planning

(Klein et al, 2006a; Weick et al,
2005)

Features to provide environmental
information along with novel
information

Features to store and categorise
ideas

Features for interactive
communication among all users
Features for direct communication
between users

Features for categorisation of
action alternatives
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Table 2 Overview of initial instantiations

# Instantiation of Material Properties
DP1 Presentation of environmental indicators through a read-only web platform
DP2 Posting comments to notice and to bracket ideas

Drop-down menu with three different labels for each specific comment: problem-centric, solution-centric and plain

" u

Check box with the options “important,
comment

problem,

DP3a and
D3b Text box to enter and post replies to comments

" u

solution,” “doable now” and “doable later” to allow all users to qualify a

Direct messaging implemented through a text box and send button on the web platform

Community view, where all members are displayed with user names and optional photos
Explore topics view, where topics are displayed either chronologically or by number of views; tabulators to choose between the

two options

DP4 Drop-down menu with two different labels for each specific solution entry: doable now and doable later
“Doable Now"” view, where all entries are displayed that have been rated “doable now” by the majority of voters
“Action plan view,” where those actions displayed under the “doable now” view are displayed in a separate window accessible

from the website’s main page

Explore topics

Chronological view Most commented Most voted

e - Disposable Plastic Cups

Handed in by Gree Comm

How many plastic cups are disposed every day at our university?

© 3 Problem centric comments
© 14 Solution centric comments
& 13 Members engaged in discussion

e Paper Towels

Handed in by Gree

After washing our hands, we usually dry them. At the university, we use paper towels for this purpose. How many do we

need per day?

© 2 Problem centric comments
© 5 Solution centric comments
& 6 Members engaged in discussion

Printouts

Handed in by G

How many pages are printed on average per person per month?

/\ © 1 Problem centric comments
YN © 3 Solution centric comments
& 4 Members engaged in discussion

Figure 2

thereby entering and labelling their ideas, extracting cues
and providing meaning to these cues. Users could label
entries as problem-centric, solution-centric or plain, provid-
ing further specificity to their ideas (Figure 4).

All users could rate (1) whether the idea is important,
(2) whether the idea is problem-centric or (3) whether the
idea is solution-centric. It could thus happen that a
comment that was labelled as solution-centric by its
originator was viewed as rather problem-centric by other
users. The ongoing rating results were presented on the
right side of the comment. Figure 5 displays a specific
comment where the majority of users has identified the
comment as a solution that is “doable now.”

“Explore topics” view: the entry point for IS-supported organisational sensemaking.

In order to allow for an open and inclusive com-
munication (DP 3a), each topic had the form of an
ongoing web-based discussion, where users could reply
to comments. Figure 6 shows an example of how
the discussion evolved (the different colours differen-
tiate problem-centric, solution-centric and plain
comments).

To allow for presumption and action planning,
users could rate solution-centric comments (a) as “doable
now” or “doable later” and (b) according to their impor-
tance. Comments that were rated as “doable now” by a
majority of users were listed under the “action plan”
view. This way, mere presumptions that were not (yet)
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Figure 3 Example data presented to trigger disruptive ambiguity and surprise.

Add a new comment

Figure 4 “Add new comment” feature: affording noticing and
bracketing.

executable were distinguished from actual, imple-
mentable actions. Figure 7 shows an extract from the
action plan generated in the first cycle.

Demonstration and evaluation

In the first round, 65 users subscribed to the system out of
which 51 participated actively (either through topic
views, commenting or rating). During the two weeks of
using the system (from 18 November 2013 to 02 Decem-
ber 2013) minor technical issues were identified and
solved as they occurred. Subsequent to using the system,
two focus group discussions were conducted, one with
five participants and one with four participants, all of
whom had subscribed as users to the platform.

We found evidence in the usage as well as focus group
data that the platform afforded users to experience
disruptive ambiguity and surprise through the
provision of environmental data and facts. The four
initial topics for which we provided environmental data
(disposable plastic cups, paper towels, printouts and
waste) all stimulated a discussion. Those additional topics

that were posted by users without the provision of
environmental data and facts, however, did not trigger
the same level of interest. The responses given during
focus group discussions also provided further confirma-
tion as, for instance, several respondents said that “seeing
data” was an important feature of the platform:

I wanted to write my own topic, but then when I saw the data,
“whoop,” I was surprised how much we really consume.

It was also pointed out that the system should provide
more environmental facts (e.g., comparative data from
other institutions) as well as an overview of alternative
potential actions.

Both usage and focus group data also suggest that the
platform afforded moticing and bracketing. In the
following comment, a user offers an idea about raising
awareness and it becomes noticeable how the user
applied mental models to support noticing and
bracketing:

I see a lot of teachers entering the classroom with plastic cups.
They could be role models by showing their “bottled” commit-
ment! Before starting class they could raise their Eco-Tanka-
[Bottle] (or any other ecological bottle) to the students and take a
passionate sip!

Here, organisational circumstances are explicated and
expressed by words and salient categories. Participants
also used the voting mechanism to distinguish problems
from solutions and voted for the importance of a post (a
total of 381 votes were made). For instance, for the quote
on teachers acting as role models, none of the participants
categorised the entry as a problem, but five participants
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’ Recently in one of our classes, we received a whole bunch of papers printed single face and not duplex. Cut the paper

consumption by setting duplex as defaultil!
Handed in by eumml Nov 18, 2013

This information is

This statement is classified as

This statement

Figure 5 Voting mechanism: affording noticing and bracketing.

categorised it as a potential solution. The existence of this
affordance was further confirmed in the focus group
discussion: While noticing and bracketing were seen to be
afforded, we also became aware of a need to improve the
labelling features; for instance, it was suggested to add
icons visualising alternative choices such as “like” and
“dislike,” or “agree” and “disagree.” Besides, the distinc-
tion between “doable now” and “doable later” was not
clear — the suggestion of replacing water dispensers with
drinking fountains, for example, was identified as “doable
now” even though it involved an infrastructural change,
whereas the suggestion of only removing the plastic cup
dispenser and provide reusable bottles was identified as
“doable later” even though it involved a rather simple
behavioural change. We also found instances where
comments were not labelled “solutions” but were still
labelled as “doable now” or “doable later.”

We found evidence in both usage and focus group data
that users did engage in an open and inclusive
communication and hence moved the sensemaking
process to a social ground. 21 users posted 53 comments,
most of which were interrelated. For instance:

Comment: Always provide an alternative to help people change
their behaviour! So how to spread our uniGo bottles over the
campus? View Eco-Tanka-[Bottle] in our [link to online shop] -
only 10 CHF!! Maybe by a concise info sign at the water dispenser
- with striking figure, e.g. comparison “how many plastic cups in a
year compared with one sustainable bottle”...

Response: Good idea! But I wonder how we can maintain the
use of sustainable bottle. Last year I still saw some people carrying
their bottles to and from the dispenser, but this year I see much
less of them.

Still, we also noticed that there was room for improve-
ment. In the focus group discussions, some participants
mentioned that it was difficult to relate comments to
other comments which notably constrained the discus-
sion. This could also be seen in the usage data which
indicated that comments were meant to be related to
other specific comments, but the system did not provide
an appropriate feature. For instance, participants used the
“@” symbol in conjunction with a participant’s name in

Problem Centric O | Solution Centric O Agree as probler
Agree as solutior
Doable NowO | Doable Later O

important O Participants agree that this
nportant t

0060 O

order to address that specific participant. Participants also
expressed their wish to be able to edit comments once
they were posted, that there should be some information
about user activity on the platform (i.e., about who said
what) and that a moderator role would be beneficial for
the discussions.

Finally, both the analysis of usage and focus group data
suggested that the system afforded presumption and
action planning. First, actors posted potential actions
and the community voted on these actions (e.g., as
“doable now”), resulting in an action plan with immedi-
ately implementable actions. Altogether 20 actions were
proposed within the two weeks. There was also evidence
that users used the system to distinguish between mere
presumptions and advisable actions, thereby “testing”
proposed actions (Weick et al, 2005):

Proposed solution: Usually what really hurts people is money
- sad but true, e.g. plastic bags in shops...So if we made them pay
for the cups, they might at least reuse them during one day [...]
Response: Making people pay is not a solution. Maybe yes for a
couple of days but after that what? Afterwards it will become
another habit like everything else. The real problem is how to
make them understand what the real problem is. And more
important make them learn for life. How about bring in the
reusable plastic bottles idea? |[...]

The existence of this affordance was confirmed in the
focus groups. However, participants also criticised the
lack of a feedback mechanism and demanded that
decision makers should provide feedback about the
implementation and effects of proposed solutions. More-
over, it was expressed that the action plan lacked clarity.

To summarise, our analysis suggests that the system
indeed afforded an ongoing sensemaking process. At the
same time, we could also identify areas of improvement
with regards to the material properties that were imple-
mented to afford the required practices.

Formalisation: Revision of Design Principles

We added a design principle demanding that systems for
sensemaking should provide material properties to relate
comments to other comments:
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© Chronological @ Doable now

This information is

This statement is classified as

This statement

Handed in b _— 0 15 2013

This information is

This statement is classified as

This statement

This information is

This statement is classified as

This statement

Participants agree that this is
important to consider.

Agree as problem

Agree as solution

Doable now

Doable later

Good ideal But | wonder how we can maintain the use of sustainable bottle. Last year | still saw some people camrying their
botties to and from the dispenser, but this year | see much less of them.

Participants agree that this is
important to consider.

Agree as problem

Agree as solution

Doable now

Doable later

Participants agree that this is
important to consider

Agree as problem

Agree as solution

Doable now

Doable later

Figure 6 Posting comments: affording and open and inclusive communication.

DP 3c: Provide features to relate comments to other comments,
so that the system affords users to comprehend circumstances
and turning them into words and categories on a social ground
in environmental sustainability transformations

We found that moderating the process could
prevent discussions from moving in a “wrong direc-
tion” and that decision makers at the organisation
should play an active role in responding to potential
actions. We proposed to distinguish different roles,
such as administrator, moderator, user and decision
maker:

DP 3d: Provide features to assign roles to users so that the system
affords user-specific actions, such as moderation of discussions in
environmental sustainability transformations

Second round of development, demonstration
and evaluation

Design and development

The system was revised based on the findings from the first
round of development, demonstration and evaluation. We
removed the “add topics” feature for ordinary users (i.e.,
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Action plan
Summary for proposed actions for all topics.

Disposable Plastic Cups

How many plastic cups are disposed every day at our university?

Figure 7 Excerpt from action plan for “disposable plastic cups”.

@ To promote use of the public transportation system for commuting to

chyres & 9. comparison “how many plastic cups in a year compared with one sustainable

- of finally bring their bottle?

university/work as well as for leisure activities, | suggest to organize that students

of the are eligible for the discount on the This is important @ o
student railpass (GA) of SBB (incl. buses in LI): http://www.sbb.ch/en/travelcards- i
and-tickets/railpasses/ga/students.htmi Belovars picbieti? [ 410 FG]e!

Feasible solution? @ a9
Handed in by I Occ 1, 2014 ! cha ©® o
frastructural ch: ® o

Figure 8 Revised voting mechanism.

only moderators could add topics) in order to provide
relevant information and indicators that afford users to
experience disruptive ambiguity and surprise con-
sistently for each topic. We further improved data presen-
tation as respondents had demanded more detailed data
and more background information about potential actions
in terms of advantages and disadvantages.

With regards to noticing and bracketing, we
changed the categories as displayed in Figure 8. As the
results from the first cycle suggested that the previous
labels (“doable now” and “doable later”) allowed for
ambiguity, we decided that solutions could instead be
specified in terms of “infrastructural change” and “be-
havioural change.” Moreover, this further specification
was only possible if a comment was labelled “feasible
solution” in the first place. We also aimed to simplify the
design and introduced icons.

In order to better afford an open and inclusive
communication, we implemented the new design
principles 3c (relating comments to other comments)

and 3d (roles). For DP 3c, we added a feature that allowed
referencing comments (Figure 9). For DP 3d, we intro-
duced a role system distinguishing between moderators,
decision makers and regular users, with specific badges
for each of them. Besides, we displayed how many posts a
certain user had produced.

Finally, to better afford presumption and action
planning, we implemented labels that clearly identified
those users who were also decision makers in the
organisation as the aim was to actively involve them
into the process of sensemaking. The new voting mech-
anism allowed for an easy distinction between what were
feasible actions, and whether they related to behavioural
or infrastructural change. We deemed “feasible” to be
clearer than “doable now” to distinguish suggestions
from actual plans, an essential characteristic of presump-
tion and action planning. The action plan was changed
in that it now also distinguished between behavioural
and infrastructural change in accordance with the new
voting feature.
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Add a new comment

Related to Comments

Figure 9 Revised “add new comment” feature.

Demonstration and evaluation

In the second round, 99 users were subscribed to the
system (including users of the first cycle). Forty-two users
signed in at least once during the demonstration and
evaluation period and participated actively (either
through topic views, commenting or rating), out of which
16 users had already participated actively in the first
round. The overall participation in this stage was lower,
possibly because (a) the system wasn’t new to many users
who had already participated in the first stage, and (b) the
cycle fell into the time just before the exams at the
university site we studied. Still, we collected rich data to
further evaluate the design and underlying principles.
Subsequent to twelve days of using the system (from 01
December 2014 to 12 December 2014), two focus group
discussions were conducted, both with four participants,
all of whom had subscribed as users to the platform. Three
focus groups participants had also participated in one of
the two focus groups of the previous cycle.

We found evidence in both usage and focus group data
that all four main affordances were created and enacted.
The provision of data initiated discussions through
disruptive ambiguity and surprise, and we could
see that those discussions indeed built upon the available
data. For instance, a user stated:

For an institution like the university this is nothing, and doesn’t
motivate for further savings. Therefore, to reduce the energy
consumption other KPI's are required. For example in [...] the
government is promoting a challenging goal: until 2050 the
average energy consumption per person in this region should be
2000 W (More: [link to website]).

The importance of providing environmental data was
further highlighted in the focus groups, for instance:

...I think that [providing data] was probably helpful to also trigger
the comments, because you will relate to some topics of cause
more and to some less, but then, at least you have the same bases
to enter the discussion....

The analysis further suggests that the revised version
supported noticing and bracketing. Altogether, 28
comments and 285 votes were made in this cycle.
Consider the following proposed solution and associated
voting:

To promote use of the public transportation system for commuting
to university/work as well as for leisure activities, I suggest to
organise that students of the [case organisation] are eligible for the
discount on the student rail pass (GA) [...] (incl. buses ...): [link to
website].

(Votes: Relevant Problem = 4; Feasible Solution = 13; Impor-
tant = 10; Behavioural Change = 3; Infrastructural Change = 3).

Here, the proposed solution is (a) identified by the
community as feasible and (b) relates to infrastructural
(cheaper tickets) and behavioural change (using the bus),
thereby providing evidence for the enactment of the
noticing and bracketing affordance. However, there were
also many comments that suggested otherwise. In the
focus groups, for instance, a participant made a remark
on the complexity of the voting mechanism and termi-
nologies used:

There were some of those thumbs, you can click on, I think five
different ones, I was kind of overwhelmed by that, I didn’t get the
point at the beginning, because some of those thumbs are really
similar, for example, this is important or relevant problem or
feasible solution, it’s hard or it’s difficult to distinguish between
those. Maybe it’s too much, maybe two or three thumbs in total
would be fine.

Moreover, some participants used the system to
provide relatively long entries, thereby discussing differ-
ent ideas in one comment — a use of the system that is
unfaithful to the idea of noticing and bracketing and that
was confirmed in the focus groups, for instance:

...if there are for example three different ideas then it’s a bit tricky
how to response to that and to evaluate. Maybe you like one idea,
but the other, for you it’s not feasible, for example, and then how
you evaluate that.

We found more evidence that the platform afforded an
open and inclusive communication. Altogether, 17
users contributed the number of 28 comments in this
cycle. However, a particular design decision may have
constrained an open and inclusive communication:
While in the previous version of the system every user
could add topics, in the second version all topics were
entered by moderators. The reason was that in the
previous version topics were posted that did not provide
data and did not trigger a sensemaking process.
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Figure 10 Revised “add new comment” feature.
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Figure 11 Revised voting mechanism.

As for the new design principle 3¢ (linking comments),
it turned out that few users had used the feature. Instead,
they again employed alternative means such as adding
the “@” symbol to their comments. The focus groups
suggested that users simply were not aware of this
feature:

Yeah, I don’t know how it was implemented right now but if you
have a topic and then there are five comments on this topic, like in
a straight line, like time line and I wanna respond on the second
comment, was it possible to respond on that?

This suggests that the system was not seen as affording
to link comments to other comments by many users.

Finally, with regards to presumption and action
planning, it was pointed out that the system was
lacking a feedback mechanism. Specifically, users were
interested in the state of proposed actions, whether they
are considered, implemented or will not be implemented.
Still, a total of 20 action items was created through the
sensemaking process.

Formalisation: revision of design principles

From the evaluation of the first and second versions, it
was clear that simplicity is important with regards to the
features provided for noticing and bracketing.
Correspondingly:

DP 2: Provide features of storing and simple and unambiguous
categorisation of ideas, so that the system affords noticing
and bracketing to wusers in environmental sustainability
transformations

For presumption and action planning, our data
clearly indicated that the class of systems might benefit
from a dedicated feedback mechanism about the actual
state of planned actions. Correspondingly:

DP 4b: Provide features for providing dedicated feedback about
the implementation and consequences of the implementation of
actions

Third round of development, demonstration

and evaluation

A final version of the system was implemented. In order
to afford engagement in an open and inclusive
communication, we re-introduced the “add topic”
feature; however, topics now had to be reviewed by a
moderator before they could be seen by other users. This
way, it could be ensured that only topics that provide an
informational basis were displayed.

Several changes were made to better afford noticing
and bracketing. First, we altered the post comment
feature in order to further help users label ideas and relate
their comments to other users’ comments. It was now only
the user posting a comment who must decide whether the
comment is a “problem,” “solution” or “other” (Figure 10).
The design decision was made to avoid ambiguity by
ensuring that every comment is clearly labelled as either
problem, solution or other (e.g., for additional information
or links), thereby avoiding comments that present multiple
ideas (in accordance with the revised DP 2 with its focus on
simplicity and unambiguity).

Second, in this line of thinking, the voting mechanism
was simplified. Users could simply vote whether a so-
labelled problem was “important” or/and “relevant to the
organisation,” and whether a so-labelled “solution” was
“important” or/and “feasible in the organisation”
(Figure 11).

Figure 12 illustrates all three types of entries (plain,
problem and solution).

Finally, moderators and decision makers could assign
certain states to a proposed action in the action plan
(Figure 13).
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Yes that is a big problem and that's why | brought the subject up, maybe
the university could make a deal for both stuff and students with OBB and
DB for getting half price cards with a reduction. For instance in the country
| come from students up to 24 have 30% reduction for the yearly cards
and students up to 30 20% reduction. | mean it's not crazy much but it
motivates people to buy it and use it, after all it helps with avoiding traffic
and reduce the money spending in gas. Plus, in our University we have a
lot of students of between 28-31 years old
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Figure 12 Revised topic view (example data taken from second cycle).
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Figure 13 Revised action plan view (example data taken from second cycle).
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We are all commuting to the university. Here we present you the results of a survey on

To evaluate the final version, we conducted another focus
group with four subjects. Two subjects had participated in
both prior focus groups, one subject had participated in one
of the focus group of the second cycle and one subject
participated the first time in a focus group. Three focus
group participants were subscribed to the platform. We
found that they (1) understood the new material properties,
(2) were satisfied with the changes and (3) found the final
version more useful than the previous version.

Final, revised design principles

Our final set of design principles is the result from
our conceptual, theory-inspired development as well
as three rounds of building and evaluating a prototyp-
ical implementation to revise the design principles.
Table 3 provides an overview of the final set of
design principles for information systems that sup-
port sensemaking in environmental sustainability
transformation.
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Table 3 Overview of final, revised design principles

# Design principle specification

DP1  Provide novel information in the form of environmental facts, observations or general behaviour, so that the system affords users
disruptive ambiguity and surprise in environmental sustainability transformations
DP2 Provide functions of storing and simple and unambiguous categorisation of ideas, so that the system affords noticing and bracketing to

users in environmental sustainability transformations

DP3 a. Provide features for interactive communication, so that the system affords users to engage in an open and inclusive discussion in

environmental sustainability transformations

b. Provide users with an overview of all other users along with features for direct communication between users, so that the system
affords users to engage in an open and inclusive discussion in environmental sustainability transformations

c. Provide features to relate comments to other comments, so that the system affords users to comprehend circumstances and turning
them into words and categories on a social ground in environmental sustainability transformations

d. Provide features to assign roles to users so that the system affords user-specific actions, such as moderation of discussions in

environmental sustainability transformations

DP4 a. Provide features for categorisation of action possibilities to distinguish presumptions from actual planed actions, so that the system
affords users presumption and action planning in environmental sustainability transformations
b. Provide features for dedicated feedback about the implementation and consequences of the implementation of actions in

environmental sustainability transformations

Discussion and implications

In this section, we discuss our contribution and highlight
implications in light of (1) the literature on green IS, (2)
the literature on sensemaking, (3) related types of systems
and (4) the use of affordances as a lens for design science
research.

Relating the findings to the literature on green
information systems

Our study contributes to recent literature on green
information systems, where sensemaking has been iden-
tified as a key organisational activity in sustainability
transformations (Butler, 2011; Seidel et al, 2013). Sense-
making is required to interpret and make sense of
complex, comprehensive and equivocal information
from the institutional environment and precedes other
activities such as decision making and knowledge cre-
ation and, ultimately, the implementation of sustainable
processes or development of green products (Butler,
2011). Reflective disclosure and information democrati-
sation have been identified as salient sensemaking affor-
dances in environmental sustainability transformations
(Seidel et al, 2013). The first “enable seeing information
about current work practice beliefs, actions, and out-
comes, and enable imagination, articulation, and assess-
ment of alternative actions and outcomes” (Seidel et al,
2013, p. 1282) and the latter “enable dissemination and
interaction about sustainability-related information from
both internal and external sources” across the organisa-
tion (Seidel et al, 2013, p. 1282). While these elements
can also be found in our conceptualisation (experiencing
disruptive ambiguity and surprise, noticing and bracketing
and presumption and action planning relate to reflective
disclosure; open and inclusive communication relates to
information democratisation), we provide (a) a more
detailed, process-oriented view of the salient affordances
required to allow for organisational sensemaking and
(b) explicit prescriptive guidance about how such systems

should be designed. Such detail is necessary to learn
something about the material properties of information
systems that provide required sensemaking affordances,
and to develop actionable design principles.

Relating the findings to the literature on sensemaking
We defined sensemaking as process-oriented, organisa-
tional, social-constructivist and involving both retrospec-
tive and prospective elements, and this understanding
provides a basis to discuss our findings.

With regards to the process view of sensemaking, our
study shows how information systems can provide
certain material properties that allow for the occurrence
of interrelated, socio-material sensemaking practices.
Affordances of experiencing disruptive ambiguity and
surprise, noticing and bracketing, inclusive communica-
tion, and presumptive disclosure and action planning
non-deterministically pattern organisational sensemak-
ing practices. Such socio-material practice is characterised
by the interplay of human and material agencies
(Leonardi, 2011; Orlikowski, 2007), and we can see
important differences to the mere (not technology-
enabled) social practice of organisational sensemaking;
for instance, socio-material sensemaking allows for the
participation of actors that are geographically distributed,
of actors that are part of stakeholder groups that typically
do not communicate face-to-face and that may con-
tribute to organisational sensemaking asynchronically at
different times.

With regards to the organisational nature of sensemak-
ing, our study shows that for successful sensemaking it is
necessary to consider the different roles that participants
play in the organisation. For instance, some actions or
changes can only be undertaken once they are approved
by decision makers (e.g., the installation of new drinking
fountains). Consequently, the distinction between top-
down and bottom-up approaches in sustainability trans-
formation becomes blurry, and our study highlights how
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IS for sensemaking might contribute to top management
support in bottom-up initiatives and the institutionali-
sation of change into day-to-day practices (Kotter, 2012).
These findings also highlight the importance of the
distinction between first-order and second-order sense-
making as proposed by Sandberg and Tsoukas (2015):

First-order sensemaking deals with agents embedded in
unfolding, primary empirical contexts of action, in which
they need to undertake effective action to restore order,
whereas second-order sensemaking deals with how policy
makers or inquiry teams make sense of primary sensemakers
(p. 823).

Our focus on the prospective (Gioia, 2006; Weick et al,
2005) and linguistic (Brown et al, 2014) aspects of
sensemaking is consistent with the framework of com-
municative action (Habermas, 1984), which views social
action as being directed towards reaching either success
or understanding. Organisational sensemaking occurring
through discourse aims at understanding, where partic-
ipants communicate to reach harmony between their
plans of action and those of others. Once harmony is
achieved, it serves as a launch pad for action.

Relating the findings to related types of systems

The class of systems described through our design
principles reveals similarities and difference to other
classes of systems and approaches, such as group support
systems (GSS), decision support systems (Arnott & Per-
van, 2005, 2014) or open innovation contests (Bullinger
et al, 2010; Piller & Walcher, 2006). However, the
underlying theories differ and so do the expected
outcomes. While GSS and DSS usually aim at “supporting
and improving managerial decision making” (Arnott &
Pervan, 2014, p. 269), the class of systems described in
this paper aims at both identifying and defining relevant
problems and providing feasible solutions that may or
may not be implemented by the decision makers. The
decision is made later, and not in the process of ascribing
meaning to the situation. Nevertheless, literature on
organising in crisis situation admits that sensemaking
and decision making are indeed intertwined (Brown,
2004; Brown et al, 2014; Weick, 1988). Open innovation
contests address individuals’ skills, experiences and cre-
ativity to hand in ideas and comment on others’ ideas,
while sensemaking explicitly combines retrospective and
prospective approaches, and is based on acts of noticing
and bracketing and further labelling and categorising.

Relating the findings to the literature on design science
research methods

We used the concept of affordances because it is a
suitable concept to say something about designing
information systems for organisational practices. We
viewed affordances as both dispositional and relational,
because this allows us to take a middle ground for design
science research, between the narrow determinism of
emphasising technology features and the voluntarism of

purely constructivist views (Leonardi & Barley, 2008;
Seidel & Berente, 2013). Instead of suggesting that
information systems might have a sensemaking function,
we have argued that material properties of information
systems can provide an actionable space that patterns
organisational practice (Fayard & Weeks, 2014) and
allows for sensemaking to occur.

The proposed design principles are consistent with this
view. All design principles put forward in this paper
suggest material properties that are expected to bring
about certain affordances. At the same time, all of them
state that the intended action potential is in relation to a
group of users. Understanding and expressing boundary
conditions is important to build a cumulative body of
design knowledge in the information systems field, to
show the limits of generalisability, and to prepare the
ground for extending those boundary conditions
through repeated application of the proposed principles
across contexts and across time.

We also show that the concept of affordances is
consistent with the nature of design science research as
a constructive process (Ilivari, 2007) and thus leaves room
for creativity in the design process. While the required
affordances remained stable throughout the study, we
learned something about the material properties that
might satisfy those affordances — and this has been
captured through an evolving set of design principles.

Limitations

This study has some limitations. First, there might be
alternative affordances to be identified, that is, the
process of sensemaking might be conceptualised differ-
ently. Second, we cannot claim that the material prop-
erties we propose are the best to create the desired
affordances as our focus was on prescriptive knowledge in
terms of design product knowledge, which does not have
truth value (livari, 2007; Niehaves, 2007). Third, the
design was evaluated in a substantive area (sustainability
transformation in a relatively small organisation). Impor-
tant boundary conditions are (a) the domain in terms of
sustainability transformations and (b) other organisa-
tional characteristics such as size and type of organisa-
tion. For instance, in our case a relatively small group
participated in the sensemaking process, and it might be
argued that the system would not be applicable in bigger
organisations. However, we used prior theory as justifi-
catory knowledge and provided design principles that
may be applied in other settings, thus allowing for the
generalisation of our findings — generalisability from
theory to description (Lee & Baskerville, 2003). To
empirically test and confirm the applicability of the
proposed design principles beyond the context that was
studied, it is necessary to apply them in different, perhaps
contrasting settings (Lee, 1989) to evaluate their pre-
scriptive accuracy under varying boundary conditions
(Seidel & Watson, 2014). Fourth, it remains to be tested
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how practitioners will use the design principles, and
whether they will find them useful. Such investigation
must consider whether the terminology borrowed from
sensemaking theory is readily accessible for practitioner
users, or whether an alternative lexicon might be more
appropriate. Still, through implementing a prototypical
system based on these design principles, we have shown
that they are effective in that they can be implemented
and lead to the intended result.

Conclusion

Sensemaking is a crucial process as organisations strive to
become environmentally sustainable. In this paper, we
set out to investigate how information systems should be
designed to support sensemaking in environmental sus-
tainability transformations. We identified affordances
required in organisational sensemaking, identified mate-
rial properties that provide these affordances to certain
users and proposed a set of design principles that we
revised through several rounds of building and evaluat-
ing a prototypical implementation. We used a process-
oriented view of sensemaking, and this theoretical per-
spective is independent from the substantive context we
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Appendix A: Development of design principles

and instantiation

See Tables A.1, A.2, and A.3.

Table A.1

Overview of first round of developing, demonstrating and valuation

Design principle specification

Instantiation

Findings

Formalisation

DP 1: Provide novel information
in the form of environmental
facts, observations or general
behaviour, so that the system
affords users disruptive ambiguity
and surprise in environmental
sustainability transformations

DP 2: Provide features to store
and categorise ideas, so that the
system affords noticing and
bracketing to users in
environmental sustainability
transformations

DP 3a: Provide features for
interactive communication, so
that the system affords users to
engage in an open and inclusive
discussion in environmental
sustainability transformations
DP 3b: Provide users with an
overview of all other users along
with features for direct
communication between users,
so that the system affords users to
engage in an open and inclusive
discussion in environmental
sustainability transformations

DP 4: Provide features for
categorisation of action
possibilities to distinguish
presumptions from actual planed
actions, so that the system affords
users presumption and action
planning in environmental
sustainability transformations

Presentation of indicators
through a read-only web
platform: paper, plastic cup,
paper towel and waste
production

Posting comments to notice and
to bracket ideas

Drop-down menu with three
different labels for each specific
comment: problem-centric,
solution-centric and plain

Check box with the options
“important,” “problem,”
“solution,” “doable now” and
“doable later” to allow all users to
qualify a comment

Direct messaging implemented
through a text box and send
button on the web platform
Text box to enter and post replies
to comments

Community view, where all
members are displayed with
names and optional photos
Explore topics view, where topics
are displayed either
chronologically or by number of
views; tabulators to choose
between the two options

Drop-down menu with two
different labels for each specific
solution entry: doable now and
doable later

“Doable Now"” view, where all
entries that have been rated
“doable now” by the majority of
voters are displayed

An “action plan view,” where
those actions displayed under the
“doable now” view are displayed
in a separate window accessible
from the website’s main page

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Lack of data: The system should
provide more environmental facts
(e.g., comparative data from
other institutions) as well as an
overview of alternative potential
actions

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Unclear labelling: The distinction
between “doable now” and
“doable later” was not clear
Inconsistent labelling: Some
comments were labelled “doable
now” or “doable later” even
though they were not labelled as
solutions

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Relating comments: The strict
sequential order of comments
was seen as constraining an open
and inclusive communication;
users used workarounds such as
the “@” symbol to relate
comments to other comments
Editing: Comments should be
editable once posted

User activity: There should be
information about user activity
Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Missing feedback mechanism: It
was expressed that there should
be feedback about actions

Lack of clarity of action plan

Design principle not changed

Design principle not changed

New design principles:

DP 3c: Provide features to relate
comments to other comments so
that the system affords users to
comprehend circumstances and
turning them into words and
categories on a social ground.
DP 3d: Provide features to assign
roles to users so that the system
affords user-specific actions, such
as moderation of discussions.

Design principle not changed
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Table A.2 Overview of second round of developing, demonstrating, and evaluation

Design principle specification
(revised)

Instantiation (revised)

Findings

Formalisation

DP 1: Provide novel information in
the form of environmental facts,
observations or general behaviour,
so that the system affords users
disruptive ambiguity and surprise
in environmental sustainability
transformations

DP2: Provide features to store and
categorise ideas, so that the
system affords noticing and
bracketing to users in
environmental sustainability
transformations

DP 3a: Provide features for
interactive communication, so that
the system affords users to engage
in an open and inclusive discussion
in environmental sustainability
transformations

DP 3b: Provide users with an
overview of all other users along
with features for direct
communication between users, so
that the system affords users to
engage in an open and inclusive
discussion in environmental
sustainability transformations

DP 3c: Provide features to relate
comments to other comments, so
that the system affords users to
comprehend circumstances and
turning them into words and
categories on a social ground in
environmental sustainability
transformations

DP 3d: Provide features to assign
roles to users so that the system
affords user-specific actions, such
as moderation of discussions in
environmental sustainability
transformations

DP 4: Provide features for
categorisation of action
possibilities to distinguish
presumptions from actual planed
actions, so that the system affords
users presumption and action
planning in environmental
sustainability transformations

Topics can only be posted by
moderators to ensure that
data is provided to trigger
disruptive ambiguity and
surprise

New categories to label
comments (“infrastructura
and “behavioural” instead of
“doable now” and “doable
later”)

Comments can only be
qualified as “infrastructural” or
“behavioural” once they have
been identified as “feasible
solutions”

Comments can be directly
linked to other comments
Introduction of a role system
(users, moderators, decision
makers)

Additional information about
users (how many posts, etc.)

|”

|”

Labelling decision makers
Changed voting mechanism
(“behavioural change” and
“infrastructural change”) to
improve clarity of the action
plan

Affordance enactment:
The affordance was enacted.

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Unclarity of voting mechanism: The
voting mechanism was not used
extensively, and it was expressed
that it was not entirely clear and
too complex

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Lack of “add topics” feature: While
now all topics provided data, it
was expressed that the lack of an
“add topics” feature constrained
an open and inclusive
communication.

Relating comments: Users still used
workarounds such as the “@”
symbol to relate comments to
other comments

Affordance enactment:

The affordance was enacted
Constraints and
improvement:

Lack of feedback mechanism: The
feedback mechanism in terms of
dedicated decision makers was not
used

Design principle not changed

Revised design principle:

DP 2: Provide functions of storing
and simple and unambiguous
categorisation of ideas, so that the
system affords noticing and
bracketing to users in
environmental sustainability
transformations.

Design principle not changed

New design principle:

DP 4b: Provide features for
dedicated feedback about the
implementation and
consequences of the
implementation of actions
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Table A.3 Overview of third round of developing, demonstrating and evaluation

Design principle specification (revised)

Instantiation (revised)

Findings

Formalisation

DP 1: Provide novel information in the form of
environmental facts, observations or general
behaviour, so that the system affords users
disruptive ambiguity and surprise in
environmental sustainability transformations
DP 2: Provide functions of storing and simple
and unambiguous categorisation of ideas, so
that the system affords noticing and bracketing
to users in environmental sustainability
transformations

DP 3a: Provide features for interactive
communication, so that the system affords
users to engage in an open and inclusive
discussion in environmental sustainability
transformations

DP 3b: Provide users with an overview of all
other users along with features for direct
communication between users, so that the
system affords users to engage in an open and
inclusive discussion in environmental
sustainability transformations

DP 3c: Provide features to relate comments to
other comments, so that the system affords
users to comprehend circumstances and
turning them into words and categories on a
social ground in environmental sustainability
transformations

DP 3d: Provide features to assign roles to users
so that the system affords user-specific actions,
such as moderation of discussions in
environmental sustainability transformations
DP 4a: Provide features for categorisation of
action possibilities to distinguish presumptions
from actual planed actions, so that the system
affords users presumption and action planning
in environmental sustainability transformations
DP 4b: Provide features for dedicated feedback
about the implementation and consequences
of the implementation of actions in
environmental sustainability transformations

Improved clarity of labelling mechanism
(problem, solution, other)
Simplification of voting mechanism

Re-introduction of the add topic feature;
however, topics have to be reviewed by
moderators to ensure they provide an
informational basis

Improved clarity of “relating comments”
feature

Decision makers can assign certain states to a
proposed action

Respondents understand
the new material properties
and see them as
appropriate

Respondents understand
the new material properties
and see them as
appropriate

Respondents understand
the new material properties
and see them as
appropriate

Design
principle not
changed

Design
principle not
changed

Design
principle not
changed

Design
principle not
changed
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Appendix B: Usage data
See Table B.1.

Table B.1 Quantitative usage data
Item Cycle 1 Cycle 2
Registered users 65 99
Users logged in during the cycle 65 45
Users actively participating (either through topic views, commenting or through rating) 51 42
Number of comments 53 28
Number of topics created by user 8 N/A?
Number of users creating a topic 6 N/A
Number of users posting a comment 21 17
Number of doable now/behavioural change ratings 97 35
Number of doable later/infrastructural change ratings 17 28
Number of problem ratings 40 60
Number of solution ratings 114 95
Number of importance ratings 113 71
Number of users making a doable now/behavioural change rating 22 7
Number of users making a doable later/infrastructural change rating 7 9
Number of users making a problem rating 12 11
Number of users making a solution rating 23 21
Number of users making an importance rating 19 15
Items on the action plan 20 20°

?In the second cycle, the topics were pre-defined.

POf which, 15 items are presented as behavioural changes and 12 items as infrastructural changes.

Appendix C: Focus groups

C.1 Focus Group Procedure

After each of the first two rounds (each of which included
approximately two weeks of using the platform in a real
world setting), two focus groups were organised with
users of the platform. A final focus group was conducted
after the final revision of the system was done. Table C.1
provides an overview.

It was aimed to create an open and friendly atmo-
sphere since “the intent of the focus group is to
promote self-disclosure among participants” (Krueger
& Casey, 2009, p. 4). In each focus group discussion,
one moderator and one observer were present, each of
them selected from the research team. The observer
was responsible to take field notes consisting of
important opinions relevant to the purpose of this
study, including gesture and expression if necessary.

Table C.1 Focus group overview
# Date Number of participants
1 2013-12-09 (after first cycle) 5
2 2013-12-10 (after first cycle) 4
3 2015-02-05 (after second cycle) 4
4 2015-02-25 (after second cycle) 4
5 2015 (after final revision) 4

The moderator did not take part in the discussion, but
facilitated it and encouraged all participants to express
their opinions.

The discussion of the first four focus groups (#1-4) was
divided into opening, introductory, transition, key and
ending sections based on the framework proposed by
Krueger & Casey (2009). The opening section served as an
icebreaker, where the participants got to know each other
and understood the purpose of the discussion as well as
its confidentiality and their freedom of expression. In the
introductory section, participants were asked to think
back and remember how they got to hear about the
system and what the first thing was that came into their
mind when they heard about it. The transitory section
was planned to lead the way into the key section. In the
transitory section, the participants were asked to describe
their first impression of using the system. In the key
section, the participants were shown specific parts of the
platform and were asked to either select at least one of
from a set of items developed to evaluate affordance
perception (Appendix C.2) or write their own responses
to the question “what does this part allow you to do?”.
The goal was to see whether the material properties were
interpreted to give rise to certain affordances by users.
The available responses comprised of eight phrases and
eight statements that articulated one of the four affor-
dances in common language. In order to avoid mislead-
ing participants into a forced response, they were also
allowed to select none of the available responses and
write their own instead.
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Table C.2 Focus group items

Affordance Items

Experiencing disruptive ambiguity and
surprise
Noticing and bracketing

| realise that there are indeed environmental issues at the university

This revelation prompts me to take part in the discussion

| can differentiate between different categories, such as problem/solution and whether it can be
implemented now or later

| can express ideas and mark them with different labels, such as important, problem, solution,

doable now and doable later
Through the communication, | feel involved in an open discussion about making the university a

Engaging in an open and inclusive

communication greener place

| can engage in conversations with other members.

Presumption and action planning

| see which actions can be done in the near future

| can plan how to solve, or at least minimise, the environmental issues at the University

Focus group #5 was conducted after the system was
changed based on the results from the second round of
development, demonstration, and use. All participants
had participated in earlier rounds. During the focus
group, they (a) were shown a summary of the feedback
provided in the last focus groups, (b) were shown the
changes that were made, (c) were given the chance to use
the new features and (d) were asked what they thought
about the new feature, and whether they adequately
addressed the issues that were raised in previous rounds.

C.2 Instrument for Evaluating Affordance Identification
by Users

We developed an instrument to evaluate in how far
certain material properties were interpreted by individu-
als to give raise to certain affordances. We developed the
set of responses in three steps.

e First, words and phrases synonymous to the names of
the affordances were collected by one of the team
members, and the affordances were thus assumed as
categories (e.g., indicating and categorising were related
to noticing and bracketing). Team members sorted each

word or phrase into one of the four categories in order
to test the content validity of the four categories.
Second, the same member of the research team devel-
oped statements that represented the behaviours or
actions captured by the affordance (e.g., “I can differ-
entiate between different categories, such as prob-
lem/solution and whether it can be implemented now
or later” was an item representing the affordance
“noticing and bracketing”). The content validity was
tested again among the research team members, as they
marked those statements that were difficult to under-
stand and sorted the remaining statements into the
four categories.

Third, a pilot study was conducted. Three people
outside the research team were shown each part of
the platform, asked the questions, and requested to
select those items they felt suitable to answer the
questions, or write their own answers in case they
found no answer suitable. Based on the result of the
pilot study, minor revisions were undertaken before we
concluded that the set of responses were appropriate.
Table C.2 provides an overview of the instrument.
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