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Abstract
Purpose – Introducing technology at work presents a special challenge as learning is tightly integrated
with workplace practices. Current design-based research (DBR) methods are focused on formal learning
context and often questioned for a lack of yielding traceable research insights. This paper aims to propose a
method that extends DBR by understanding tools as sociocultural artefacts, co-designing affordances and
systematically studying their adoption in practice.
Design/methodology/approach – The iterative practice-centred method allows the co-design of
cognitive tools in DBR, makes assumptions and design decisions traceable and builds convergent evidence by
consistently analysing how affordances are appropriated. This is demonstrated in the context of health-care
professionals’ informal learning, and how they make sense of their experiences. The authors report an 18month DBR case study of using various prototypes and testing the designs with practitioners through various
data collection means.
Findings – By considering the cognitive level in the analysis of appropriation, the authors came to an
understanding of how professionals cope with pressure in the health-care domain (domain insight); a
prototype with concrete design decisions (design insight); and an understanding of how memory and
sensemaking processes interact when cognitive tools are used to elaborate representations of informal
learning needs (theory insight).
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Research limitations/implications – The method is validated in one long-term and in-depth case
study. While this was necessary to gain an understanding of stakeholder concerns, build trust and apply
methods over several iterations, it also potentially limits this.
Originality/value – Besides generating traceable research insights, the proposed DBR method allows to
design technology-enhanced learning support for working domains and practices. The method is applicable in
other domains and in formal learning.

Keywords Sensemaking, Design-based research, Workplace learning, Appropriation, Affordance,
Informal learning, Health care
Paper type Research paper

Introduction
Information and communication technology is now a part of many professions, and
therefore a natural part of workplace learning (Billett and Choy, 2013). Many features of this
technology offer new opportunities for workplace learning that takes place across a number of
learning contexts in relation with work, such as formally organized and curriculum-based
learning programmes (e.g. trainings), but it more importantly includes informal and selfregulated learning alongside work (Eraut, 2000). For example, this technology can help to
bridge learning across different formal and informal learning contexts (Eraut, 2000), it can help
to connect to teams or communities (Thorpe and Gordon, 2012; Ley et al., 2014; Renner et al.,
2014; Treasure-Jones et al., 2019) and it can help to learn and reﬂect on a just in time basis by
supporting self-regulated learning at work (Eraut, 2004; Littlejohn et al., 2012; Fessl et al., 2017).
Informed by a long tradition of research into the nature of human activity as a social and
situated practice (Wenger, 1998; Engeström, 2001), we understand the technology people are
using in this context as offering cultural tools that scaffold individual learning (Vygotsky,
1978), mediate individual and collaborative knowledge building (Paavola and Hakkarainen,
2014) and inform corresponding practices. For example, a particular technology and its
features can make available cultural knowledge that may extend the capabilities of the
individual for sensemaking and problem solving (Stahl, 2013). This becomes apparent when
a tool empowers the employee to perform certain professional practices such as the patient
record system affording a general practitioner (GP) to explore medical records for
understanding the course of disease.
Taken together, these technologies should guide professionals’ meaningful sensemaking
in authentic work contexts. However, the increasing digitization of work life also makes this
kind of learning more challenging. Billett and Choy (2013) suggest that in current
workplaces, a much stronger reliance on conceptual and symbolic knowledge is a result of
the introduction of digital technology, and experience of information overload is reported in
many professions today (Joynes et al., 2017; Ashley et al., 2018). For these reasons, we believe
a much more careful consideration of the cognitive affordances is necessary when designing
workplace-learning technology.
Such focus can be achieved with a perspective that conceptualizes workplace-learning
technology as “cognitive tools”. Cognitive tools afford distributed and situated cognition as
an interaction between internal and external representations, between members of a group
as well as over time (Hollan et al., 2000). They are tightly integrated in working and learning
practices and offer latent action possibilities, i.e. cognitive affordances that support social
and situated practices. In that case, the tools are meaningfully embedded in affordance
networks (Barab and Roth, 2006) and they align with the intentions of the activity system
(Engeström, 2001) as they are useful in fulﬁlling relevant goals.

Designing cognitive tools and introducing them in workplace-learning contexts need to
recognize the speciﬁcities of workplace learning and help to embed tools in authentic
learning and working practices. For example, the health-care domain is characterized by the
constant introduction of new research or new evidence-based guidelines. Ofﬁcial bodies are
not able to keep up the pace and provide formal trainings, which require professionals to
keep up to date themselves to make well-informed decisions, and review and improve
practice. The massive amount of heterogeneous data in the information rich system means
that professionals need to be able to ﬁnd, retrieve, understand and act on relevant
information in a quick and self-regulated way. Introducing cognitive tools in such workplace
settings is a challenging undertaking, as it means to take into account existing practices and
introduce changes to them, while not overloading but supporting busy professionals.
Currently, different types of design methods that iteratively and collaboratively design
(co-design) technology are considered standard methods to integrate learning research,
practice and technology development. Design-based research (DBR), for example, has been
focused on formal education (DBRC, 2003). In such settings, learning is the main activity and
usually follows a particular learning design that guides students with comparable prior
knowledge to learn. In workplace settings, however, introducing learning technology is
difﬁcult because of heterogeneous existing practices and work processes (Ruiz-Calleja et al.,
2017). Informal learning settings are less controlled and include different approaches to
learning as well as a more diverse set of learning gaps, often in different professional ﬁelds.
For these reasons, a more diverse set of stakeholders in terms of disciplines, roles and
approaches to learning must be included in the design process to fully understand the
relevant working and learning practices.
Co-designing cognitive tools for work settings has been addressed with methods based
on activity theory. Activity theory has been proposed to gain a holistic understanding of
human activity in multiple working domains, and it also differentiates three levels of
analysis to describe human behaviour: the operational, the action and the activity level.
However, the abundance of analytical tools based on activity theory contrasts with a certain
lack of methods that offer guidance for design (Clemmensen et al., 2016), especially when it
comes to the cognitive level of analysis. In this respect, theories of “technology design”
(Norman, 1988) inform the evolution of cognitive perceptible and usable tools and theories of
“technology adoption” guide the study of general utility in the design process (Carroll, 2004),
but they miss a concrete and traceable method for co-designing cognitive tools for the
workplace.
To summarize, we see a particular need to extend DBR methods targeted at working
domains with a focus on the cognitive level of analysis that helps to understand and design
affordances of cognitive tools for workplace learning. In our view, such a focus would also
address an additional challenge connected to DBR methods, namely, it would contribute to
making design decisions evidence-based, inspectable and traceable (Barab and Squire, 2004;
Svihla, 2014). As DBR is inherently complex because of its iterative, problem-driven and
highly contextualized process, it often uses small samples and has a considerable
involvement of researchers in the design process, and traceability of design insights
presents a special challenge. Previous attempts into this direction, such as “conjecture
mapping” (Sandoval, 2014), have primarily focused on formal educational settings. As we
have argued above, contextual factors are even more important in workplace settings, and
hence we see a particular need to extend these approaches towards application in workplace
contexts.
In this paper, we present a co-design method for workplace learning, which is in the
tradition of DBR by taking into account characteristics of work and its context to attain
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impact on practice when introducing technologies. It draws upon theoretical models of
workplace learning that focus on the evolution of situated cognitive processes afforded by
cognitive tools. Its key deﬁning characteristic is to iteratively design affordances and
evaluate their appropriation at the workplace. We present the application of this method in
the context of a long-term case study in which we speciﬁed sensemaking as part of
experiential learning and developed “Bits and Pieces” (B&P), a sensemaking tool for healthcare practitioners’ informal learning at the workplace.
Related work: design-based research for co-designing workplace learning
tools
In several disciplines, suitable research strategies geared towards improving practices have
been conceived: e.g. design science in information science (e.g. Hevner et al., 2004), co-design
in computer science (e.g. Kvan, 2000), DBR in pedagogical science (e.g. DBRC, 2003) and
experience-based co-design in health care (e.g. Robert et al., 2015). Common to these views is
the inclusion of important stakeholders (e.g. researchers, developers and users) into the
design research, the problem-driven character and its contextualization in actual practices,
and a focus on the design artefact, which is evolved in an iterative way. We will subsume
these approaches under the term DBR. When using the term co-design, we particularly refer
to the design process following the interpretation from Durall et al. (2020). They understand
that co-design stresses the centring of each iteration on the users and their needs, and the
importance of collaboration with all relevant stakeholders, building shared understanding
and making sense together to create and mature design ideas capable of impacting practice.
Design-based research as an iterative exploration of domain, theory and design
Following Wang and Hannaﬁn’s (2005) understanding of DBR, researchers work in
collaboration with end users to systematically, pragmatically and iteratively generate,
analyse and improve the design and the underlying theory to result in impact on practice
(Van den Akker et al., 2006). In formal educational settings, this means that DBR contributes
to learning theory as well as to changing learning and teaching practices. In research on
workplace learning, an additional focus is on the understanding of the domain itself (in our
case the health-care domain). The workplace does not follow a uniform pedagogical schema
like formal learning and only understanding its circumstances, stakeholder, practices, etc.
builds the ground for theory and design.
In line with several well-known DBR approaches, DBR in workplace learning allows for
contributing to three different, but interdependent research perspectives: domain, theory and
design. The domain inquiry (e.g. Hevner et al., 2004; Goggins and Jahnke, 2010; Fischer,
2013; Fishman et al., 2013; Ley et al., 2014; Sandoval, 2014) allows for insights about the
people (e.g. roles, tasks and needs), organization (e.g. processes, constraints and
opportunities), technology (e.g. infrastructure and applications) and existing practices. In
our case, these would be insights about the health-care domain, such as the differentiation
into clinical and administrative tasks, or the fact that health-care GPs work under strict time
pressure. An outcome of the domain inquiry could be what Mor et al. (2012) call practice
patterns.
The theory inquiry (e.g. March and Smith, 1995; Barab and Squire, 2004; Wang and
Hannaﬁn, 2005; Goggins and Jahnke, 2010; Fishman et al., 2013; Ley et al., 2014) allows for
insights in the form of theoretical propositions elaborating existing theoretical concepts or
frameworks. In our case, theoretical insights would include ﬁndings about professionals’
workplace learning, such as a form of learning where learners revisit and reﬂect about prior
experiences made during work. Other DBR studies might choose a different theoretical

focus. Van den Akker et al. (2006) stress that “DBR aims at making both practical and
scientiﬁc contribution”. In analogy to Mor et al. (2012), the scientiﬁc contribution could
emerge from so-called theory patterns in the sense of repetitive theoretical insights that
evolved and gained validity alongside DBR iterations.
Finally, insights about tool characteristics can be gained when taking the perspective of
design and practice (e.g. March and Smith, 1995; Barab and Squire, 2004; Wang and
Hannaﬁn, 2005; Kali, 2006; Goggins and Jahnke, 2010; Fishman et al., 2013; Ley et al., 2014),
i.e. characteristics that can trigger particular cognitive and social processes and that can
take inﬂuence on the current practice. Examples may be that browsing personal notes on a
timeline triggers recalling of prior experiences. Designs commonly trigger particular
cognitive and social processes and take inﬂuence on the current practice and can be
documented as design patterns (Mor et al., 2012).
To advance in the inquiry into the design, theory and domain, the design process asks for
as many concretizing prototyping stages as necessary to arrive at a solution that is
compliant with the professional practice and implemented in a stable technical solution with
high applicability (Fishman et al., 2013; Ley et al., 2014). These prototyping stages represent
the systematic iterations of the build-and-evaluate loop (March and Smith, 1995; Carroll,
2004). In parallel, the understanding of the three perspectives develops in the form of a
coevolution, i.e. insights in one perspective lead to questions, progress and ﬁnally insights in
another perspective. For example, knowing about the limitations of a work context (domain
insight) allows for respecting them in tool designs (design insight). DBR, hence, looks at the
process of adopting technology as an iterative and consecutive development through the
three research perspectives.
Design and appropriation of aﬀordances in design-based research
Through the iterative co-design, an interdependency between technology and its users is
created which leads to a mutual shaping of user-constructed, dynamic meaning of
technology and to a technology constrained perception- and action-range of the user
(DeSanctis and Poole, 1994).
At the interface of this dynamic interplay are latent action possibilities called affordances
(Gaver, 1991; McGrenere and Ho, 2000; Barab and Roth, 2006; Gibson, 2014). These
affordances represent the “bridge” linking the user, his/her actions and the designed
technological artefact, i.e. they are created when the user interacts with a cognitive tool and
depend on attributes of both (Gaver, 1991; Gibson, 2014). When new features are created in
the prototype as part of a DBR study, then these features provide affordances (Maier and
Fadel, 2009; Seidel et al., 2018) that are potentially perceived in dependence of the experience,
knowledge or culture of the user (Norman, 1988). These latent action possibilities can be in
line with existing practices, change existing practices or trigger new ones. Out of this reason,
affordances “guide” the practice of the user. This practice can range from simple operations
to actions to higher-order learning activities (activity theory levels: operation, action and
activity) (Kuutti, 1996). These theories of “technological design” do explain the coevolution
of professionals with their tools in communities of practice (Lave and Wenger, 1991;
Wenger, 1998), but they do not provide a concrete method for designing of cognitive
affordances and analysing their use.
The mutual shaping of the designed tool and the user’s practice happens via
appropriation (Carroll, 2004); non-appropriation, where the user does not take possession of
the capabilities of the technology; appropriation, where the user decides to adopt the
technology and, hence, applies or manipulates it; and dis-appropriation, where the user
decides to stop the application of the technology. According to Carroll, appropriation can be
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a result of two decisions (Figure 1). In a ﬁrst decision, “the technology as designed” is either
adopted or not. In a second decision, the “technology in use” is explored and evaluated
before being either appropriated or dis-appropriated. This appropriation can be faithful
(DeSanctis and Poole, 1994), in case the application of technology is in line with the
designer’s intent. Unfaithful appropriation refers to an unexpected application. Similarly,
Lonchamp (2012) studies unexpected application in his interpretation of “instrumental
genesis” (Rabardel and Bourmaud, 2003), but focuses on the design of collaborative systems
in formal learning contexts. Jarrahi and Sawyer (2015), ﬁnally, also study tool appropriation
but focus on the reciprocity of practices and social structures. These theories of “technology
adoption” allow a macroscopic analysis of utilization schemes, but they are limited to
appropriation on tool level and miss the analytical depth required for designing for the
cognitive level.
While theories of technology design and appropriation have signiﬁcantly contributed to
our understanding of the dynamics of human–computer interaction, and how to study and
design it, there is up to now, no practical method that allows a systematic study of
appropriation of cognitive affordances, especially in the context of a DBR study for
workplace learning. In the next section, we present Co-design by Appropriation of
Affordances (Co-DAA), a DBR method for iteratively co-designing cognitive tools for
workplace learning that addresses this gap.
Co-design by Appropriation of Aﬀordances: a design-based research method
for the traceable design of cognitive tools for workplace learning
In the tradition of much of the previous work in DBR, Co-DAA includes a practical approach
to the inquiry into domain, theory and design by iterative prototyping. It introduces the
concept of affordances into the build-and-evaluate loops to study and enhance tool
appropriation. The insights gained via the appropriation of affordances in the evaluate-part
of the loop determine the hypothesis about affordances for the next build-part. In the B&P
case study that we will later demonstrate, we detail the Co-DAA approach of systematically
designing affordances and evaluating their appropriation in each of the cycles to make
design decisions evidence-based and traceable.
Co-DAA foresees a scheme of iteration, in which insights of a ﬁnished iteration trigger the
next iteration. The top part of Figure 2, illustrates this scheme, which constitutes one buildand-evaluate loop and consists of four steps:
(1) Infer hypotheses: Derive hypotheses about domain, theory and/or design for the
unresolved research questions.
(2) (Re-)Design and implementation: Make design decisions to create or improve an
interactive prototype that includes affordances to test hypotheses.

Figure 1.
Flow diagram of
appropriation process
by Carroll (2004)

(3)

(4)

Introduce design into practice: Confront stakeholders with the prototype based on
real use cases and tasks in the ﬁeld to allow for the emergence of affordances, to
trigger non-, dis-, expected or unexpected appropriation and to evaluate this
interaction in manifold ways.
Analyse results: Examine collected user interactions with the design to understand
the appropriation of affordances and conclude on the stated hypotheses and
research perspectives, which can result in new research questions.
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Both ﬁrst and second steps, “Infer hypothesis” and “(Re-)Design and implementation”,
represent the build-part of on DBR loop. Hypotheses are inferred during the iterations that
focus on different research perspectives in DBR. The second step requires the design of
interactive prototypes offering various ways of expression to the user and including the
intended affordances, e.g. conceptual prototypes that can be sketched on or functional
prototypes that log user actions. For the third and the fourth step, “Introduce design into
practice” and “Analyse results” (evaluate part of the loop), we followed a structured
approach, i.e. plan study designs and methods to test assumptions and answer research
questions, run the study in the ﬁeld and systematically analyse results with respect to
domain, theory and design, which leads to resolution or speciﬁcation of research questions.
This approach allows us to evaluate the appropriation of affordances on the cognitive
level, continuously becoming more speciﬁc and aggregating more evidence in each iteration.
While qualitative methods are helpful in the initial, exploratory design research,
quantitative methods are more feasible in the later explanatory phases. To triangulate the
rich contextual data and converge in the direction of the optimal design (Sandoval and
Reiser, 2004), we used a variety of methods, e.g. (non-)participant observation, thinking
aloud and different kinds of prototyping and variety of data sources, e.g. interviews and
researcher notes.
With the concretization of the design artefact alongside the DBR study, the
understanding of the three research perspectives (domain, design and theory) coevolves
alongside an increasing degree of implementation into the workplace. This ranges from onetime workshops for the co-design of conceptual and paper prototypes, over limited
workplace trials for low-ﬁdelity prototypes (e.g. time or feature-wise) to long-term workplace
integrations for high-ﬁdelity prototypes.
Studying the appropriation of aﬀordances with the Co-design by Appropriation of
Aﬀordances method
Throughout the Co-DAA process, the DBR team collaboratively identiﬁes potential
affordances for the desired cognitive tool and translates them into prototype features. The
features create latent action possibilities, and their appropriation is analysed. When

Figure 2.
Design and analysis
of affordances in DBR
and the building of an
evolving knowledge
base
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introducing the design into practice (3rd step) in each iteration, we can observe the
appropriation of affordances in the interaction of the user with the features of the designed
artefact in the work context and ﬁnd three types of evidence:
(1) Appropriation:
 Expected appropriation: Evidence that the affordance created by the designed
feature worked and was appropriated in the intended way and used respectively.
 Unexpected appropriation: Evidence that the designed affordance materialized,
but it was appropriated in a creative, unintended way; this offers valuable
information about necessary changes in the domain understanding, design or
underlying theory.
(2) Dis-appropriation: Evidence that the affordance materialized, i.e. the feature did
create the intended affordance, appropriation was stopped as it did not add any
additional value, or it was not understood.
(3) Non-appropriation: Evidence that the affordance did not materialize, i.e. the feature
did not create the intended affordances and was never used.
Understanding the reasoning behind appropriation, hence, reveals the socio-cultural context
of the professionals in terms of habits, mindset and needs. In particular, the unexpected
appropriation offers valuable information about necessary changes in the domain
understanding, the design or the underlying theory. For example, if tags provide the
affordance of freely describing the content of collected learning resources with keywords, an
expected appropriation would mean that professionals were using them in an intended way
such as for reﬂection. If professionals were observed using predeﬁned categories as tags
that refer to their professional revalidation, then this would constitute an unexpected
appropriation, which could point towards the need for including a corresponding ontology.
Non- and dis-appropriation differ with respect to the general perception of the affordance, i.e.
tagging could be stopped and the affordance dis-appropriated, because users do not see a
value in tagging for description and searching; a “not materialized” affordance, on the
contrary, could not be appropriated, because users do not recognize the action possibility of
the tagging feature. This detailed analysis of the appropriation of affordances allows to
derive several different insights on the domain (e.g. the importance of professional
revalidation in the health-care domain), theory (e.g. how semantic categories underlie
sensemaking processes) and design (e.g. usability of the tagging feature or the need for
inclusion of certain predeﬁned categories).
Evolving the knowledge base in Co-design by Appropriation of Aﬀordances
Alongside the scheme of iteration that is shown in Figure 2, Co-DAA requires that
knowledge of the three research perspectives that has been gained in the appropriation of
affordances is continuously and systematically recorded in a knowledge base (Figure 2,
lower part). This evolving knowledge base is used to formulate and update domain, theory
and design hypotheses in step one of an iteration, and record research insights in step four.
The building of the knowledge base follows three steps. Firstly, research insights are
recorded individually along each of the three research perspectives (such as in the tagging
example mentioned in the previous section). The dependency of those individual insights is
then recorded across the iterations in the form of traceability chains, usually from domain,
over theory to design insights. Finally, the elaborated traceability chains are synthesized
into key research insights by aggregating evidence across iterations and developing stable
sets of mutually corroborating research insights. These steps must be continuously

implemented along the DBR study to evolve domain, theory and design insights. Recording
and maturing research insights in all three research perspectives in this way leads to a
systematic curation of the knowledge base, which contributes to the traceability of a DBR
study and, hence, its validity.
Building a knowledge base through DBR represents a known approach in the
community as it allows to collaboratively collect and mature abstracted insights (Kali, 2006;
Gaß et al., 2012), and aggregate evidence for them over time. Our focus on traceability chains
is related to the idea of conjecture maps that has been introduced by Sandoval (2014) in an
attempt to create a clear link between theoretical hypotheses and their embodiment in
design. Similar to what Sandoval calls “design conjectures”, components of design and their
mediating roles in learning, we analyse these as affordances, which lets us consider design
conjectures on a cognitive level. This is our attempt to decompose the learning processes
into more ﬁne-grained interactions.
Sandoval (2014) also argues for the importance of context in the design of learning
technology. We concur with this view and contend that in the case of workplace learning,
context may even be more important. In Co-DAA, we therefore propose the domain inquiry
as a third perspective (besides theory and design) to capture part of this context that is
critical for the insights gained. With Co-DAA, we present how the appropriation of
affordances (from the perspective of domain, theory and design) contributes to the
knowledge base in a systematic way.
Case study: description of the “bits and pieces” design-based research study
Overview over the bits and pieces case study
As a reaction to challenges in the health-care domain, especially the need to better support
informal learning at the workplace, the DBR team “B&P” was set up. The B&P case study
was conducted in close collaboration with practitioners from the UK health-care domain.
Speciﬁcally, we worked with health-care professionals in primary care, e.g. medical centres,
referred to as GP practices in the UK. This work took place over four years (2013-2017), from
which the ﬁrst one and a half years are reported here. The study resulted in a prototype for
sensemaking of experiences, as well as insights about design challenges in the health-care
domain, and about informal professional learning more generally.
The study is presented to illustrate and to validate the Co-DAA method we used. The
design of Co-DAA itself was informed by previously suggested DBR methods and then
iteratively reﬁned in collaboration with practitioners and researchers. In our opinion, such
validation through one in-depth case over a prolonged period of time offers distinct beneﬁts
such as gaining sufﬁcient understanding of the needs and interest of the involved
stakeholders, building trust with them and being able to apply similar techniques in several
iterations in different design phases. Limitations of this approach will be discussed later.
Here we present the B&P case in more detail, so as to allow for the replication of the method
in other contexts.
Forming the design-based research team
To gather all necessary perspectives for a co-design study (Durall et al., 2020), the
multidisciplinary DBR team comprised the research team with learning theory, design,
software development and domain experts as well as our stakeholders, the health-care
professionals (Figure 3). While the professionals represented our actual end users, the
domain experts coordinated the ﬁeld activities and included researchers in the ﬁeld of
medical education, contact persons to the English health-care system and senior
practitioners.
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Figure 3.
B&P DBR team roles
and stakeholders

Figure 4.
Phases of DBR

A total of 40 health-care professionals from several GP practices were included in the
domain inquiry (Thalmann et al., 2013; Figure 2) to take into account a wide set of
stakeholders and perspectives (Edelson, 2002). We continued this multiple perspective
approach during the co-design phase (Figure 4) and relied upon 11 health-care staff
members with clinical, administrative and management roles from 2 GP practices as part of
the DBR team (Table I): 2 GPs, 6 nurses, 2 assistants and 1 manager.
Design-based research phases
The B&P case study included a contextual inquiry, a concept creation phase and a co-design
phase with three iterations (Figure 4). The purpose of the contextual inquiry (Leinonen et al.,
2008) was to gain an initial understanding of the health-care domain, the current practices,
challenges, constraints and opportunities. Based on this acquired understanding, we derived
the design problem together with the professionals. To put this challenge into perspective,
an in-depth inquiry into the design and theory was undertaken. Each took the form of a
review of workplace-learning theories and of current technologies available for support.
This way, the design concept was backed by research that led to a theoretical understanding
of the issue, and research that led to several existing tools. After this inquiry, the design
concept (“making sense of bits and pieces”) was explicated for the cognitive tool, and a
common understanding was formed in the team about the objectives of the design.
The preparatory phases of contextual inquiry and concept creation, therefore, include a
domain, theory and design inquiry that built the ground for the DBR study and subsequent
co-design iterations. Recording a basic understanding of the three research perspectives in

the knowledge base allowed us to infer hypotheses about domain, design and theory and, in
parallel, identify a design problem and create a design concept that incorporates ﬁrst
affordances to be evaluated with prototypes in the ﬁeld.
Following the concept creation, three co-design iterations took place that iteratively built
three different, more and more concrete prototypes to implement and validate the concept of
the cognitive tool, especially in terms of compliance with the professional practice. Each of
them was administered at the workplace of health-care professionals in realistic settings, i.e.
at the GP practices, on actual work tasks and under usual conditions. All iterations included
partial simulations and did not represent a full workplace integration with unconstrained
usage by the user. While we implemented the ﬁrst two iterations in workshop style to codesign the initial conceptual and ﬁrst interactive paper prototype, we designed a more
controlled ﬁeld study with actual usage of the software prototype in the third iteration.
Depending on the study design and practical considerations, we conducted these iterations
either in groups or individually.
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Contextual inquiry: building a domain understanding and identifying the design problem
To gain a more in-depth understanding of the health-care domain and identify the design
problem, a contextual inquiry was conducted to guide and inform later DBR phases. It
began with a ﬁeld visit in February 2013 to two GP practices in the UK. In the following
months, 47 interviews, 4 focus group discussions and accompanying observations were
produced (Thalmann et al., 2013). Several design artefacts were also created, for example,
context cards showing pictures of some of the context factors (e.g. “time pressures” and
“doctors’ revalidation”). These cards were later used in the concept creation and co-design
phases to remind participants of important context factors. This initial contextual inquiry
established the importance of self-regulated experiential workplace learning in health care.
The wealth of experiences is increasingly recognized in UK health care and professionals
must undertake continuous professional development (GMC, 2012), which is monitored in all
staffs’ yearly appraisal and the doctors’ ﬁve yearly revalidation. All valuable informal
learning experiences, ranging from picking up a “to-read” during a short chat with a
colleague to profound experiences connected to a certain professional activity (e.g. “patient
unmet needs” that lead to “doctor’s educational needs”) can be reported as learning and
considered in appraisal and revalidation. This is reﬂected in the professionals’ practice of
collecting bits of information in a paper box ﬁle. The key thing that professionals are
expected to demonstrate is that the learning has led to improvements in practice. This is not
learning for the sake of learning – it is driven by a need to improve practice and care.
Abbreviation

Role

Iteration

GP1
GP2
PN1
PN2
PN3
PN4
HCA1
HCA2
PM1
DSN1
DSN2

General practitioner
General practitioner
Practice nurse
Practice nurse
Practice nurse
Practice nurse
Health-care assistant
Health-care assistant
Practice manager
Diabetic specialist nurse
Diabetic specialist nurse

1
2þ3
1þ2
1
1
1
1þ2
1þ2þ3
1
2þ3
2þ3

Table I.
Sample of the codesign phase
including
abbreviation, role
and participation in
iterations per
participant
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We identiﬁed that the lack of time and support to record, elaborate, document and share
informal learning experiences during work gets in the way of self-regulated professional
development and group learning, i.e. while there is the need to quickly record experiences (so
called B&P of information) during “working time”, there is the need to efﬁciently remember,
elaborate and document them during “learning time”. This constitutes the design problem of
the present study.
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Concept creation: inferring the research gap and creating the design concept
After a ﬁrst formulation of the design problem, the DBR team conducted a state-of-the-art
analysis of informal learning to situate the design problem in the wider context of learning
theory. In particular, the question is how experienced events are to inﬂuence future
behaviour. This may happen if experiences are memorized, understood, generalized and
used to improve practice (Eraut, 2004). Turning information into action-oriented knowledge
is called sensemaking (Pirolli and Card, 2005). It consists of two interacting sub-processes;
the information foraging loop for searching, browsing and narrowing down data to subsets,
which the sensemaking loop builds upon for organizing data, introducing concepts and
producing ﬁnal representations. Yet, sensemaking has not been studied in experiential
learning. These insights about the way informal learning takes place at work and the role of
different memory and sensemaking processes were informing the design inquiry. We found
that none of the explored tools for sensemaking and reﬂection (Gotz, 2007; van Arnhem,
2013; Renner et al., 2014; DeWitt et al., 2015) helps professionals to contextually remember
experiences and to meaningfully relate experiences to each other. Following our idea of a
cognitive tool that would externalize representations, we could clearly perceive a gap in the
available technology that is adapted to the needs of health care.
The identiﬁed theory gap of understanding the sensemaking process in informal
learning as well as the missing technological support led us to consider a tool for
professionals’ self-regulated sensemaking of experiences that affords the required cognitive
processes and ﬁts to the professionals’ daily working life. Therefore, we reviewed the results
of contextual inquiry in a design workshop and externalized the acquired understanding
into explicit concepts (Nonaka, 1991), i.e. articulate the tacit knowledge about the domain
into a design idea by drawing upon related theories and design ideas.
The workshop was held as an open and free design activity. For example, we executed
the box ﬁle practice as a ﬁctitious simulation and explored its role in the organization of
information. Each member took the role of a certain clinician and collected B&P of informal
learning experiences on post-it(s) in a box ﬁle, which was represented by several sheets of
paper. The categorization was reminiscent of an organization of notes on a corkboard and
led to the creation of three groups of bits: patients (e.g. support for timing pills – identiﬁed
need), research (e.g. telephone call to patient – method) and team (e.g. send new guideline –
to-do’s). By making the activity of health-care professionals explicit, the design exercise
raised the attention to the on-going process of remembering and applying learning
experiences, which is grounded in action and happens every day of our life. We see this as a
process in which external representations are created to aid memory retrieval and
sensemaking that entails these central affordances.
The design workshop resulted in the creation of the design concept “making sense of bits
and pieces” (metaphor for sensemaking in informal learning) and the tool called B&P. To
illustrate relevant affordances, our design concept aimed to highlight the importance of
moving from chaotic unstructured raw data, which is created as records of experiences, to
meaningful learning that can be used to guide one’s own professional actions and practices.

Co-design iterations: an iterative exploration of theory, domain and design
After concept creation, the following steps now include the iterative, systematic and
collaborative production of design solutions and parallel observation of appropriation of
affordances. Below we describe the ﬁrst three iterations that the B&P DBR team performed
to go from a conceptual to a high-ﬁdelity software prototype of a cognitive tool ready to be
tested with a larger number of users. After giving an overview of these iterations, we
explain in more detail the way in which we undertook the analysis of the appropriation of
affordances and tracked the design decisions between iterations with the Co-DAA method to
infer and evolve research insights about domain, theory and design.
Design iteration I: scenarios and wireframes – conceptual prototype.
Build loop. In the ﬁrst design iteration, we implemented a conceptual prototype that
explicated the design concept. During working time, health-care professionals mainly collect
(anonymized) records of their experiences such as photos of a journal article on deﬂection,
training video on bandaging, notes on a discussion or a bookmark of a guideline. Hence,
they need recording facilities with the option to add notes and tags. These B&P of
information later function as memory aids to reconstruct experiences during
sensemaking or learning time. Besides remembering experiences, professionals then
need to make sense of them by sorting and organizing corresponding B&P into topics in
corkboard style (Figure 5).
Evaluate loop. The conceptual prototype represented the basis for the ﬁrst co-design
iteration. In individual meetings, the research team ﬁrst explained the design idea with the
help of the scenarios and wireframes (Figure 5) printed on big sheets of paper. After
clarifying question and acquiring a shared understanding of the design idea, the
professionals were encouraged to directly modify scenarios and wireframes by sketching
imaginary tool support, for example. In a subsequent group setting, the box ﬁle exercise was
conducted analogous to the activity during concept creation. The method of graphical
elicitation “allow[ed our professionals] taking part in the research process according to
[their] own preferred modalities of expression” (Bagnoli, 2009). To build upon results of
contextual inquiry, professionals were provided with the context cards. This way, we
initiated the dialogue about the domain, theory and design hypotheses underlying the
conceptual prototype and non-, dis- or appropriated the affordances.
Design iteration II: low-ﬁdelity prototyping – paper prototype.
Build loop. In the second design iteration, we deepened the theoretical understanding, revised the
hypotheses and transformed them into a paper-based prototype. As the collection of B&P of
experiences is already sufﬁciently supported with a multitude of systems, we focused on
recalling, narrowing down (second part of information foraging) and sensemaking of informal
learning experiences. Therefore, we decided to split the user interface into two parts, so called
canvases, with each of them having its speciﬁc purpose (Figure 6), i.e. while one should support
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Figure 5.
Scenarios and
wireframes – userand tool-perspective
of B&P design idea
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Figure 6.
The browse (top) and
organize (bottom)
canvas and three
respective views (left
to right: a, b and c)

browsing and recalling of experiences to create a meaningfully related subset during information
foraging, the other should facilitate their organization to generate and instantiate representations
during sensemaking. These canvases were vertically arranged with an upper browse-canvas
providing different presentations of episodic and semantic cues in form of B&P and a lower
organize-canvas for different iterative and interactive visual manipulation opportunities. For
example [Figure 6(a)], the timeline styled browse-canvas allowed for recalling experiences with
time-based cues and the Venn-diagram styled organize-canvas allowed for categorizing bits in
circles. Dragging and dropping of bits from the upper to the lower canvas enabled building a
subset of related experiences.
Evaluate loop. The research team introduced the mock-ups using oversized paper prototypes
(Bødker and Grønbæk, 1991; Ley et al., 2009), i.e. a paper-based user interface simulating the
canvases, separate small paper snippets depicting different user interface elements (e.g.
contextual menus, drop-down boxes, arrows or maps) and paper icons representing the collected
bits of experiences (Figure 6). After, we explained the paper prototype and stopped for discussion
at the intended affordances, i.e. the general architecture of the interface and the browse (timeline,
maps and tag cloud) as well as the organise views (circles, layers and links). During each break,
the users had the opportunity to interact with the paper prototype. We asked them to make use
out of their prepared “bits”, play around and explore, what they would do with them in the
different views and what they would share and when. This paper prototype already allowed for a
more thorough user interaction, which we traced via graphical elicitation. The analysis of the
affordance appropriation evolved the threefold DBR insights.
Design iteration III: high-ﬁdelity prototyping – functional software prototype.
Build loop. In the third design iteration, we reduced the design ideas from paper prototyping
and streamlined them to merge into a ﬁrst functional software prototype. Because the design
inquiry had resulted in the understanding that it was the sensemaking loop that was
currently weakly supported, a decision was made to use an existing tool for foraging and
focus our co-design efforts on supporting the sensemaking activity. Hence, an import
mechanism was implemented for B&P, i.e. Evernote (van Arnhem, 2013) was used for
recording experiences (busy working time) and the B&P prototype to make sense of them
(ﬂexible working time). This allowed us to offer a comprehensive set of multimedia
recording functionalities and to concentrate on the missing cognitive support of browsing,
recalling and sensemaking in informal learning. For browsing and recalling, the timeline was
implemented in the upper canvas (Figure 7). The bits were depicted as notes in the timeline at
the date of their collection with Evernote. Users could drag and drop the timeline to adjust the
period shown as well as zoom in and out via the mouse wheel to browse through the gathered
bits. While clicking a bit opened a pop-up with information on title, resource, author and time
stamp, double-clicking linked to the full content of the bit in Evernote (Figure 7: (1) click on user
action). This navigation should allow professionals to ﬁnd and recall experiences during
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Figure 7.
B&P software
prototype – user
interface with three
central interactions

information foraging they were searching for. Dragging bits from upper to lower canvas
enabled the creation of a meaningfully related subset of experiences and complemented
information foraging support (Figure 7: (2) drag record entity). In the lower canvas,
sensemaking was implemented via a circle-based categorization (Figure 7: (3) drop record
entity). Users could create circles by double-clicking and move bits into these categories or their
overlap to indicate shared structures. The emerged circles could then be named by simply
clicking on the initial placeholder (e.g. “concept X”).
Evaluate loop. To investigate our hypotheses, we set up the following procedure for
individual co-design interactions; a set-up meeting to introduce the task and give an
Evernote tutorial, followed by a period of three weeks to record experiences and a half day
meeting to use the B&P prototype and make sense of the collected bits. Each participant
ﬁrst chose a realistic learning need for the collection phase in the set-up meeting, e.g. update
understanding around vitamin D deﬁciency (GP2) or new diabetes diagnostics (DSN1) and
clarify implications for the GP practice. The deﬁnition of a real learning need was crucial to
enable meaningful achievements for the professionals’ work and to increase their motivation
at the same time. This way, the study acted as a realistic test of affordances and did not add
to the workload of HC staff. Afterwards, participants received a 30 min introduction to
Evernote. The participants were then left to use Evernote during the collection phase. In the
sensemaking phase, the research team then introduced the B&P prototype and acquainted
the professionals with its functionalities. Their Evernote material was already imported into
B&P and participants had time to browse, recall and organize bits. The software prototype
enabled real-user interaction with working materials embedded into actual learning needs,
which further deepened the understanding of the three research perspectives.
Application of the co-design by appropriation of aﬀordances method in the bits
and pieces case and obtained results
Studying the appropriation of aﬀordances with co-design by appropriation of aﬀordances
Recording the appropriation of aﬀordances. The key method that was applied throughout
all iterations was an analysis of which of the intended affordances were appropriated in the
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Figure 8.
Appropriation
example – annotated
design artefact of
conceptual prototype
in Iteration 1

ﬁeld and how, and which were not appropriated and why. This appropriation was analysed
from the research team by observing the usage of artefacts and prototypes and deducting
the emergence of affordances from these past user interactions. All three iterations relied on
a qualitative study of appropriation, i.e. we applied different means to trace the recognition
of affordances during the interaction with the B&P prototypes, ranging from direct
measurements such as recording the annotation of prototypes to indirect measurements
such as writing observational notes. In the second and third iteration, we additionally asked
the professionals to think aloud when interacting with the prototypes (Lewis, 1982) and
conducted subsequent interviews to record all traces of appropriation for analysing
affordances and to better explicate confusions, concerns, ideas, etc. for understanding their
reasoning.
Figure 8 shows one example of an annotated design artefact, namely, a conceptual poster
prototype, that resulted from the graphical elicitation, by one of the GPs involved in the DBR
team, during the ﬁrst design iteration. After a common understanding had been established
within the DBR team, GP1 used post-it(s), stuck them to the relevant scenario or depicted
wireframe, added a rating or provided further contextual information. For example, he noted
that he “could see a photo acting as a trigger”, which conﬁrmed our understanding of the
importance of contextual cues when learning experiences are recalled. This insight
aggregated evidence for the deducted affordance of “cue-based retrieval of experiences”.
The appropriation process resulted in the following data for the three iterations:
(1) Design iteration I: Eight professionals including one general practitioner (GP1),
four practice nurses (PN1, PN2, PN3 and PN4), two health-care assistants (HCA1
and HCA2) and one practice manager (PM1) created 12 annotated poster
prototypes as well as one annotated paper-based box ﬁle, and the research team
created 16 A4-pages of observational notes.
(2) Design iteration II: Six professionals including one general practitioner (GP2), one
practice nurse (PN1), two health-care assistants (HCA1 and HCA2) and two diabetes
specialist nurses (DSN1 and DSN2) created six annotated paper prototypes and the
research team, again, created 36 A4-pages of observational notes.

(3)

Design iteration III: Four professionals’ including one general practitioner (GP1),
one health-care assistant (HCA2) and two diabetes specialist nurses (DSN1 and
DSN2) – thinking aloud and follow-up interviews resulted in 3 h of audio records
that were transcribed to 71 pages and 17 additional pages of researchers’
observation notes.

Analysing the appropriation of aﬀordances. In each co-design iteration, we conducted
deductive qualitative content analysis (QCA) (Mayring, 2000) based on this data to
determine the efﬁcacy of the affordances, i.e. audio recordings were ﬁrst transcribed
literally, paraphrased and then iteratively analysed together with the other records of
appropriation, whereby the content was further structured and summarized in categories in
each iteration, to ﬁnally discover the appropriation of emerged affordances in the form of
unexpected, expected, non- or dis-appropriation. Additionally, we iterated the QCAs across
co-design iterations. When an insight was discovered in a later iteration, for example, we
had to return to the QCAs of preceding iterations and search for validating or rejecting
evidence in them. This qualitative approach was demanding as it required reopening and
reanalysing already administered QCAs in terms of new clues, again and again, i.e. many
assumptions are emerging and need to be followed-up in such an iterative qualitative
endeavour, but only some will aggregate enough evidence to be considered as valid and
taken forward.
To give an example, we list below instances of actual appropriation of emerged
affordances (formatted in italic font) that happened alongside the third iteration in the
context of the tagging functionality intended for immediate reﬂection of an experience as
mentioned above:
 Expected appropriation: Direct evaluation of an experience, i.e. professionals were
observed to create a title and tags of a note in Evernote when there is time during
recording an experience (early reﬂection).
 Unexpected appropriation: Re-evaluation of recorded experiences after recall, i.e.
professionals were observed to manipulate the title and tags of a note in Evernote
after recalling the experience (late reﬂection), and requested the manipulation of tags
in B&P.
 Dis-appropriation: Discontinuation of tagging, i.e. some individuals were
discontinuing tagging in Evernote because of the limited number of notes they
had recorded and because they saw limited use of tagging for description and
reﬂection.
 Non-appropriation: Lack of awareness of the tagging functionality, i.e. some
professionals did not perceive the possibility for tagging in Evernote.
Figure 9 provides the traceability graph, i.e. an overview of all affordances, how
they were motivated from insights into domain, theory and/or design decisions
and how they were appropriated throughout all iterations. These affordances
are depicted in the top row of Figure 9 and they are listed in the below in italic
formatting:
 The possibility to re-ﬁnd notes and recall the respective experiences in one system
(one place – no loss of recorded experiences and ideas).
 The possibility to record experiences on the run and making sense of them when
workload allows for (collection and sensemaking/“working and learning time” !
busy and ﬂexible working time).
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The possibility to reﬂect on the relevance of a collected note and annotate it when
recording or recalling an experience ([re-]evaluation).
The possibility to recall reﬂected notes based on semantic cue-based retrieval and not
reﬂected notes based on temporal cue-based retrieval (time and topic recalling –
information foraging: retrieval).
The possibility to build a subset of collected notes for sensemaking (information
foraging: narrowing down information to a meaningful subset).
The possibility to visually organize collected notes to relate experiences to each other
and to the prior knowledge (card sorting ! interactive sensemaking visualization !
unconstrained interactive sensemaking visualization).
The possibility to enable hands-on reﬂection for conscious cognitive processes (auto
import and manual sensemaking).
The possibility to collaboratively make sense of experiences (meaning making).

The graph includes several traceability chains of creating and appropriating speciﬁc
affordances of the cognitive tool that followed a vertical or diagonal pattern, starting from a
new domain insight, i.e. a chain comprises identiﬁcation of a design problem, continues over
theoretically inspired design of a feature and results in the creation of an applied action
affordance for appropriation. A traceability chain, hence, represents a concertation of
insights from all three research perspectives and respective assumptions of the single
iterations. These traceability chains give an account of the emergence of cognitive processes
which happens alongside the socio-cultural development of professionals and their
practices. Understanding and recording the theoretical, contextual and technical genesis of
affordances in a traceable way, allows leveraging these insights in similar application
scenarios.
Below we report the traceability chain of the poster prototype “busy and ﬂexible working
time” (Figure 5) and its unexpected appropriation of the “collection and sensemaking”
(“working and learning time”) affordance; all relevant domain theory and design insights

Figure 9.
Traceability graph –
design decisions of all
iterations and their
relation to domain
and theory insights
(traceability chain
“busy and ﬂexible
working time”
highlighted in bold
and grey)

(Figure 9) are formatted in italic font (see two further examples in Appendix 1 – one expected
and one unexpected appropriation):
 Domain insight: Health-care staff faces a wealth of experiences during their working
time. For example, when there is a new ofﬁcial diabetes guideline, they search the
Web to understand the best way of implementing it in practice. Because of time
pressure, they cannot immediately address those experiences, engage in selfregulated learning and gain action-oriented knowledge that is needed for the
implementation of the guideline and their continuous professional development.
Hence, they need to quickly record their experiences with whatever means at hand
(e.g. digital – email and analogue – box ﬁle) to come back to them when time permits
it during learning time.
 Theory insight: Eraut (2004) sheds light on informal learning and the required
cognitive processes of memorization and retrieval. He describes the process with the
help of the two “memory systems”, episodic and semantic memory. On the one hand,
personal experiences enter the episodic memory and get transferred into the
semantic memory by training and gaining expertise. On the other hand, received
knowledge can directly enter the semantic memory system by learning facts. The
sensemaking theory (Russell et al.., 1993) then allows to understand the process of
professionals gaining action-oriented knowledge in more detail.
 Design insight: We created a poster prototype to reﬂect the domain insights about
the two-fold health-care professional life (working and learning time) as well as
theory insights on memorization, retrieval and sensemaking. While recording
pictures or making notes of experiences supports the information foraging, a
corkboard indicated sensemaking support.
 Appropriation: The conceptual prototype is in line with the identiﬁed practice of
collecting bits, ﬁrst, for making sense out of them at a later date: “chuck it in there,
I’ve no time to do this today, and then I’ll do it when I’ve got the [chance] once a
month time or something” (PN1). The professionals, however, stressed that learning
time needs to be part of work because “working time” indicated that workplace
learning needs to happen in free time. Instead, they suggested busy and ﬂexible
working time, which represents an unambiguous label and reﬂects the right timing.
This reﬂects an unexpected appropriation.
Because of the bottom-up nature of the traceability chains, the traceability graph in Figure 9
also evolved diagonally from the bottom left to the top right alongside the phases of a DBR
study (as shown in Appendix 2). However, the increased domain understanding is at the
same time a result of appropriation, which closes the design cycle. It can also be noted that
affordances of cognitive tools evolve together with the related practices across iterations.
For example, a sensemaking affordance identiﬁed in the contextual inquiry (box ﬁle) was
used in a wireframe (corkboard – conceptual prototype) and then developed as an interactive
sensemaking visualization (circles view – paper and software prototype; see enumeration of
affordances above traceability graph in Figure 9 for more examples of evolved affordances).
Synthesizing domain, theory and design insight into key research insights with co-design by
appropriation of aﬀordances
The third step in building the knowledge base alongside the design iterations is the
synthesis of the research insights about learning theory, domain and design, and their
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relationship (as recorded in the traceability graph) into what we call key research insights.
Next, we report two of these insights to illustrate how these were obtained.
Key insight 1 – the process of sensemaking in informal learning. In the case study, we
extended our understanding of the role of sensemaking in informal learning. Starting from
domain insights, it became evident that the practice of informal learning is aligned to the
professionals’ busy working life, while they quickly record experiences in a box ﬁle to not
forget about them during busy working time, they recall and elaborate them to gain actionoriented knowledge during ﬂexible working time. This allowed us to derive some new
insights about informal learning, namely, that the raw “data” an individual is searching,
evaluating and ﬁltering during foraging originates from a person’s own experiences. These
experiences are recalled, re-evaluated, browsed and condensed to a meaningful subset for
semantically categorizing them during sensemaking. The separation of collection and
elaboration, hence, accounts for the information foraging and sensemaking loop (Pirolli and
Card, 2005). While the collection of experiences is already well supported (e.g. through tools
like Evernote), we focussed the design on sensemaking in informal learning with B&P, i.e. to
recover collected bits (notes) based on temporal cues, recall experiences and develop an
understanding by categorizing bits for changing practice as well as reporting for
professional revalidation. The sensemaking support is administered via the canvas-based
separation of the user interface with respect to recalling and browsing in the browse-canvas
(foraging loop) as well as relating and organizing experiences in the organize-canvas
(sensemaking loop). This includes features such as contextual information on notes for cuebased retrieval in the timeline, possibilities to edit the title and tags of notes in the browsecanvas for re-evaluation and unconstrained interactive organization of notes for
sensemaking via Venn-diagram styled categorization in circles of the organize-canvas.
The ﬁrst key insight comprises the following affordances (see enumeration of
affordances above) and respective key insights (Figure 9: 1, 2, 3, 4, 5 and 6). The described
sensemaking process as part of experiential learning in health care contributes to the
understanding of individual problem solving of ill-deﬁned problems in organizations as well
as respective knowledge creation processes (Goggins and Jahnke, 2010). Furthermore, the
cognitive process can be used to specify macroscopic processes of managing and making
sense of information in personal knowledge management (Jarrahi et al., 2019).
Key insight 2 – past- and future-focused experiences in workplace learning and their role
in sensemaking. The case study helped us identify a two-fold learning focus in making sense
of experiences at work. With respect to the domain, we found health-care professionals
collecting informal learning experiences with past and future focus. While past-focused
experiences represent what has been done or learned, future-focused experiences represent
quick notes of tasks or things one wants to come back to later and learn more about (i.e. todo’s). These domain insights informed the theory inquiry and led to the insight that the twofold learning focus is in line with Eraut’s (2004) differentiation between reactive and
deliberate informal learning. While reactive learning means opportunistic learning in terms
of facing a chance to learn, deliberate learning describes an intentionally planned behaviour.
In deliberate learning, a certain prior understanding, i.e. a pre-existing cognitive
representation, is instantiated for the chosen learning need. This also means an individual
has reﬂected on some experiences, knows about learning gaps and has ideas of how to take
the next steps in terms of future-focused experiences. In contrast, in reactive learning,
experiences are actually made in the moment because of a given learning opportunity. This
leads to past-focused experiences and the generation of an initial representation to be
developed in sensemaking (Russell et al., 1993). The focus of experiences evolves
dynamically as past-focused experiences reveal knowledge gaps and lead to future-focused

experiences (from “so what” to “what next”). Thus, sensemaking establishes meaningful
relations between past and future experiences. These two ways of using B&P were
promoted. On the one hand, reactive learning in sensemaking is supported by the possibility
to record past-focused experiences (e.g. audio-recording a discussion with colleagues) on the
run and then return to them during more ﬂexible working time. In that case, bits are
collected ﬁrst and then iteratively categorized in new circles and a sensemaking
representation is initiated. Deliberate learning in sensemaking, on the other hand, is
supported by creating the circles in the organize-canvas ﬁrst and then collecting bits to ﬁll
these categories (e.g. saving a document “to-read”).
The second key insight comprises the following affordances (see enumeration of
affordances above) and respective key insights (Figure 9: 1, 3, 4 and 7). The speciﬁcation of
informal sensemaking process in terms of its intentionality also contributes to the
understanding of organizational knowledge creation in ill-deﬁned problems (Goggins and
Jahnke, 2010).
Discussion of the co-design by appropriation of aﬀordances design-based
research method
In this paper, we have suggested an extension of DBR and demonstrated its application in
developing a cognitive tool for health-care professionals’ informal learning. Below, we
discuss how the application of this Co-DAA method produces insights about learning
theory, domain and design, and we establish its value by discussing its advantage of
yielding traceable key insights about sensemaking in informal workplace learning. We close
with a reﬂection about the wider applicability of the method for creating cognitive tools for
workplace learning beyond health-care.
Beneﬁts of the method for co-designing cognitive tools embedded in workplace practice
We have claimed that our proposed extension of DBR is more suitable for the design of
cognitive tools for workplace learning than more traditional methods. Following our
argument of cognitive tools as socio-cognitive artefacts, we assume that cognitive tools
create affordance networks (Barab and Roth, 2006) in the sense that they are embedded in
the socio-cultural development of practice, and make certain behaviours more likely than
others. If designed in the right way, these affordances are in line with the intentions of the
activity system and guide respective operations, actions and activity. The Co-DAA method
we have suggested emulates this socio-cultural development process and has an impact on it
via the appropriation of co-designed affordances. This means an iterative and integrative
approach to development of cognitive tools, which includes a in depth domain inquiry,
involves key stakeholders in the design process and impacts their practice. Next, we discuss
the methods’ ability to evolve traceable and valid insights about domain, theory and design
as well as synthesized key research insights through systematic analysis of appropriation.
Co-design by appropriation of aﬀordances develops cognitive tools with working practices
through an iterative and integrative approach. The iterative long-term approach allowed us
to stay in constant exchange with all stakeholders. Continuously focussing on their design
problems over prolonged period also helped to build trust and ownership with our
participants along the case study. As researchers, we did not approach them as experts to
teach them about how to do their job better, but we took them seriously as true participants
in the research and co-developed potential design solutions together. We found this trust
and ownership building to be critical for professional’s motivation in co-designing cognitive
tools in less controlled workplace settings and in developing the openness for changes in
practices that technology adoption entails. The integrative co-design study turned into a
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common learning journey, and, hence, the appropriation of technology was built into the
research process.
In line with Sandoval’s (2014) pointer to the importance of “context” in DBR, we focused
on the domain alongside the theory and design inquiry as understanding the domain with
its practices is even more important in DBR for workplace learning. Out of this reason, the
inquiry into the domain was continuously implemented throughout the B&P case study.
The domain perspective was ﬁrst addressed in-depth in the contextual inquiry as part of the
preparatory phase to identify the design problem and build the ground for concept creation.
Afterwards, the domain inquiry was continued in each of the design iterations. This way,
the Co-DAA method respects workplace practices and integrates tools in them as well as coevolves tools with them over time in a DBR study.
There is now some evidence that the iterative and integrative DBR approach we have
presented has not only led to the design of particular cognitive tools, but in fact practices of
health-care professionals involved in the DBR team and beyond have changed (TreasureJones, 2017; Treasure-Jones et al., 2019). We do not claim that these changes have been a
result of our intervention, exclusively. The argument we want to bring forward here is that
the Co-DAA method was able to go alongside the regular and natural changes of how
cognitive tools are appropriated in practice and how practices are changed in a co-evolving
manner. The evidence we can bring forward for this claim is how the developed tools were
appropriated over time, and how the health-care practitioners felt ownership of the tools and
the process.
Co-design by appropriation of aﬀordances contributes to traceability and validation in
design-based research through systematic analysis of appropriation. We have claimed that
DBR often lacks methods to systematically establish traceability and validation about the
knowledge that is developed in the design process, especially when it comes to the messier
workplace contexts and the cognitive level. We introduced the appropriation of affordances
in Co-DAA as a general analysis principle, and implemented it in various data collection
methods, such as observations, graphical elicitation, thinking aloud and structured
interviews across all design iterations. Although affordances are usually discussed only
with regards to a running system (where they offer latent action possibilities), we found it
useful to take a similar perspective with the paper and even conceptual prototypes of
cognitive tools. In these cases, the “use” of the system often consisted of simulated
behaviour or even just mental simulation to check assumptions.
Traceability is documented in the traceability chains (Figure 9; Appendix 1), which
depicts concerted domain, theory and design insights from iteration one to three, from poster
to software prototype, from user interface to feature appropriation and from general to
speciﬁc design and analysis of affordances. The typical order from domain over theory to
design insights can be ascribed to the fact that the domain and its stakeholders usually
deﬁne the challenge, for which researchers and designers evolve a particular action
possibility (affordance) that is informed by theory and incorporated in the design. This
documentation via traceability chains also helped us establish evidence for validation across
several design phases using different methods and design artefacts. For example, we gained
evidence for the existence of “busy and ﬂexible working time” and the different practices
and affordances found therein. The concept was already established in the contextual
inquiry, later validated through the box ﬁle exercise, and the division of collection and
sensemaking in the paper and software prototype. This helps to build validation of the
design into the process by means of establishing convergent evidence for a particular design
decision. Traceability chains are related to conjecture maps suggested by Sandoval (2014),

but with the focus on the domain knowledge, they also record evidence about the practice
patterns found in the domain.
In addition, we analysed and synthesized these interrelated research insights and
traceability chains alongside the DBR study to ﬁnally arrive at trustworthy key research
insights consisting out of mutually corroborating domain, theory and design insights
(Figure 10). We have presented two key research insights gained through the application of
the Co-DAA method. These could also be understood as design principles (Kali, 2006), which
could eventually be entered into a design principles database.
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Limitations of appropriation-based design-based research
A possible limitation lies in the fact that we focussed on only one case of workplace learning,
which limits generalizability to other contexts. An alternative would have been to validate
the developed Co-DAA method across several cases in several different domains. We
refrained from such an approach for two reasons. Firstly, conducting a DBR study in
professional contexts requires a signiﬁcant amount of trust building. While in academic
settings, it might be feasible to recruit new cohorts of students year after year to design and
validate a particular method, this is not feasible in limited and less-controlled professional
learning settings. In such setting with smaller samples, where learning is not the main focus, it
needs the building of signiﬁcant trust to reach sufﬁcient openness for conducting research in a
collaborative way. For example, it requires trust to have professionals discussing challenges of
informal learning (where the term “learning” is sometimes associated with a personal
weakness). The second reason for choosing a longitudinal focus was the opportunity that
comes from such a very contextualized approach. It allowed us to focus on some challenges
that kept reappearing over time and that allowed us to address them with different methods
and from different points of view. For example, the sensemaking affordances of categorization
and grouping re-appeared throughout the iterations with the box ﬁle exercise, the corkboard
(conceptual prototype) and the circles (paper and software prototype).
Besides generalizability, the longitudinal approach does lead to increased effort for the
professionals. This introduces additional demands on top of their busy schedules. Instead of
distributing the effort onto a bigger sample, however, professionals get the chance to see the
effect of their feedback and to evaluate the re-designs and “revised” affordances increasing
validity in this way. Even though we chose the long-term above the cross-sectional design

Figure 10.
Exemplary
illustration of the
evolution of the ﬁrst
key research insight
“process of
sensemaking in
informal learning”
from research
insights and
traceability chains in
the knowledge base
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approach (trust-building and validity reasons), our Co-DAA method has been leveraged in
other long-term case studies of the Learning Layers European Integrated Project. For
example, Pejoska-Laajola et al. (2017) and Virnes et al. (2017) leveraged the qualitative focus
on usage (analysis of appropriation) in their research-based design process to co-design
cognitive tools for the construction sector.
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Conclusions and future work
The Co-DAA DBR method allowed us to set up hypotheses for domain, design and theory,
gain traceable research insights and gather ﬁrst evidence for the informal sensemaking
process in the information rich and complex health-care domain. The professional’s
appropriation of the cognitive tool B&P indicated successfully evolved practices. Further
design iterations will now help to check the validity of the acquired key insights. This way,
we continue monitoring the methods ability of embedding a design artefact in working
practices and gaining trustworthy research insights at the same time.
Although our method is aiming at the workplace, its focus on the study of cognitive tools
and generating traceable research insights makes it relevant for formal learning contexts as
well. The application of e-portfolios in health-care education is one example of where we aim
at demonstrating the beneﬁts of the Co-DAA method in the co-design of cognitive tools in
the university context.
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Appendix 1. Two further exemplary traceability chains
In the following depiction of the traceability chains, all relevant domain, theory and design insights
are formatted in bold font. These insights are also marked in Figure A1:



“sensemaking” traceability chain - bold and light grey
“re-evaluation” traceability chain - bold and dark grey

Traceability chain (paper prototype): Sensemaking ! expected appropriation of the affordance
“interactive sensemaking visualization” (speciﬁcation by “unconstrained”) in the B&P paper prototype








Domain: Collecting notes with respect to a certain learning need in a box-ﬁle and
understanding the diverse information at hand, requires professionals to relate
their respective experiences to each other. Leveraging a corkboard or card
sorting helps professionals gaining action-oriented knowledge and drawing a
conclusion for practice.
Theory: HCI sensemaking theory by Russell et al. (1993) and Pirolli and Card (2005)
explains the action-based process of semantically elaborating experiences to implement
learning into practice (episodic to semantic). By manually relating information on a
corkboard, for example, bottom up and top down processes generate or instantiate
representations for “encoding retrieved [external] information to answer task-speciﬁc
questions” (Russell et al., 1993).
Design: The need for active sensemaking combined with the desire of a corkboard
styled approach led to the design idea of categorization by means of Venn diagrams. The
respective paper-prototype, hence, allowed to manually cluster bits by labelled circles.
Appropriation: The paper-prototype is in line with the professionals’ practice of
elaborating experiences to implement learning into practice. In particular, the
unconstrained and action-based character of the sensemaking visualization
was appreciated (expected appropriation).

Traceability chain (software prototype): Re-evaluation ! unexpected appropriation of the
affordance “evaluation” in terms of “RE-evaluation” in the B&P software prototype


Domain: Professionals collect two kinds of bits: bits that remind of past experiences such
as notes on a conference (past focussed experiences) and bits that remind of







upcoming experiences such as a to-read (future focussed experiences). Most bits are
collected in short bursts and represent things professionals want to follow-up
(haphazard collection). After remembering an experience, we observed a professional
re-evaluating the corresponding bit: “[D]o I still need this? If I do need this, what am I
going to do with it?” (HCA2). She examined the future focused experience in more detail
than she was able during busy working time and assessed it again. Another participant
puts it like that: “What you really need, is to be able to go back to something you’ve
collected, go into it, read it and then [. . .] make your own notes.” (DSN1).
Theory: Coming back to a collected bit, (re-)assessing the title and tags represents a
cognitive reﬂection process which leads to an enrichment of the episodic memory trace
with semantic concepts. Such an interaction of the semantic with the episodic
‘memory’ enables retrieval by semantic cues.
Design: Collected bits could be annotated by title and tags in Evernote. This
annotation could be continued whenever the professionals wanted to re-evaluate the
recorded experience as double clicking the bit in the Timeline View referred to the
original bit in Evernote.
Appropriation: The professionals unexpectedly manipulated the bits’ titles and tags
within Evernote during ﬂexible working time and requested their manipulation in B&P,
as well. This unexpected practice pointed to the need of a (re-)evaluation step: i.e.
sometimes bits are collected under high time pressure complicating early reﬂection.
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Appendix 2. Previous versions of traceability graph
The traceability graph has been created in each co-design iteration, successively. Therefore, each
version is building upon the previous one. The ﬁnal version is reﬂected in Figure 1. Subsequently, its
predecessors are presented (Figure A2 and A3).

Figure A1.
Traceability graph –
Design decisions of
all iterations and their
relation to domain
and theory insights
(with traceability
chain “sensemaking”
in light grey and “reevaluation” in dark
grey)
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Figure A2.
Design decisions of
the ﬁrst co-design
iteration and their
relation to domain
and theory insights
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