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ABSTRACT

Despite a wealth of behavior change theories and techniques available, designers often struggle to
apply theory in the design of behavior change technologies. We present the Behavior Change Design
(BCD) cards, a design support tool that makes behavioral science theory accessible to interaction
designers during design meetings. Grounded on two theoretical frameworks of behavior change, the
BCD cards attempt to map 34 behavior change techniques to five stages of behavior change, thus
assisting designers in selecting appropriate techniques for given behavioral objectives. We present the
design of the BCD cards along with the results of two formative and one summative study that aimed at
informing the design of the cards and assessing their impact on the design process.

1. Introduction

Behavior change support technologies are increasingly per-
vading all facets of human activity. From improving on diet-
ary habits to managing personal expenses, coping with mental
workload, enhancing physical activity, and reducing one’s
environmental footprint, such technologies are often seen as
the way to personal improvement or even to addressing
pressing societal challenges (Agapie et al., 2016; Li et al,
2010).

There is a wealth of related theories deriving from fields
such as communication sciences, social psychology and beha-
vioral economics which can inform the design of behavior
change support technologies. However, applying behavior
change theory to the design of behavior change technologies
can be challenging, due to the vast amount of theories, mod-
els, and techniques available (Michie & Prestwich, 2010). As
a result, prior studies have shown the majority of mobile apps
lack theoretical content (e.g., Azar et al.,, 2013; Conroy et al.,
2014; Cowan et al., 2013). Designers can benefit from tools
that will support them in recruiting such theories and apply-
ing them in the context of a design challenge.

Design cards have become a widely adopted design support
tool in Interaction Design providing what Rogers (2004) calls
knowledge transfer (i.e., the translation of research findings
from one discipline into another). It has been argued that
design cards provide a number of benefits for the design
process: they make the design process visible and less abstract,
they communicate knowledge between the members of
a group and increase creativity and idea generation, among
others (Wolfel & Merritt, 2013). A recent survey by Roy and
Warren (2019) examined 155 card sets and argued that they
can aid the design process and provide information, methods,

or good practice in a handy form. However, they point out the
scarcity of empirical evidence for these benefits of cards and
invite researchers to provide empirical support for their
claims.

Designers of behavior change support systems can seek
methodological guidance in several frameworks that have
been proposed for design. Pioneering work by B.J.Fogg has
integrated several theoretical and empirical considerations in
a form that is actionable for designers and provided detailed
guidance in his seminal book (Fogg, 2003) and his behavioral
model (Fogg, 2009). Later, this approach was extended and re-
structured with the Persuasive Systems Design framework by
Oinas-Kukkonen and Harjumaa (2009). While the latter is
already significantly condensed and operationalized compared
to the earlier treatment of the topic by Fogg, it is still material
for studying rather than an encoding of design knowledge in
a brief and actionable form to be used during design.

In this paper, we report on the development and evaluation
of the Behavior Change Design (BCD) Cards. The BCD cards
combine two behavior theoretical models, the Transtheoretical
Model of Behavior Change (TTM) (Prochaska & Velicer, 1997)
and the Behavior Change Techniques taxonomy by Michie
et al. (2013) with the goal of guiding designers in a) identifying
the behavioral antecedents that are likely to influence the
uptake of the desired behaviors for different people at different
stages of change, and b) translate those to concrete behavior
change techniques, and in turn, to concepts of behavior change
technology.

This paper makes the following contributions to the field
of Human-Computer Interaction: a) whereas existing design
card tools addressing the design of behavior change support
systems lack a link to related theory, we contribute a new
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theoretically motivated design card tool, b) we show how
elements of the Behavior Change Techniques taxonomy
along with the stage-based model of TTM, can be made
actionable in the domain of interaction design, ¢) we provide
empirical evidence as to the efficacy of these design cards in
guiding designers, d) we provide guidance on how to use the
design cards effectively based on our experiment.

2. Background

2.1. The role of theory in HCI and the design of behavior
change technologies

The field of Human-Computer Interaction has a long history
of adopting theory from other established disciplines to
describe the cognitive, social and organizational phenomena
that surround the use of interactive technology (cf. Rogers,
2012). From the early cognitive modeling approaches such as
the Model Human Processor and GOMS (Card et al., 1983),
to the various different forms of theoretical knowledge, such
as frameworks, principles and strong concepts, to name a few
(cf. Carroll, 2003; Hook & Lowgren, 2012; Rogers, 2004),
theory has played an instrumental role in the development
of the field.

Not different to other HCI subdomains, the design of
Behavior Change Technologies can leverage on decades-long
efforts of empirical inquiry and theoretical development in the
Behavioral Sciences. In the science of behavior change, one
may identify two core forms of theoretical knowledge:

2.1.1. Theories of behavior and behavior change

A theory is “a set of concepts and/or statements with specifi-
cation of how phenomena relate to each other [, and] provides
an organising description of a system that accounts for what is
known, and explains and predicts phenomena” (Davis et al.,
2015, p. 327). Davis et al. (2015), in their review, identified 83
theories of behavior and behavior change. Theories of beha-
vior, they suggested, “tend to be linear, and explain the rea-
sons why behavior may occur by considering a number of
predictors and their associations with one another and how
these could influence the likelihood of a particular behavior”
(p. 326). One example is the Theory of Planned Behavior
(Ajzen, 1985). Theories of behavior change, on the contrary,
“tend to be more cyclical and identify interactional and
dynamic behavior change processes” (p. 326). One example
is the Transtheoretical (Stages of Change) Model (Prochaska
& Velicer, 1997).

2.1.2. Behavior change techniques

A Behavior Change Technique (BCT) is defined by Michie
et al. (2013) as “an observable, replicable, and irreducible
component of an intervention designed to alter or redirect
causal processes that regulate behavior” (p. 82). Self-
monitoring and goal setting are, for example, two behavior
change techniques widely used by today’s technology.

All in all, both forms of theoretical knowledge are valuable
in the design of behavior change technologies. In fact, pre-
vious research has shown that technology-based interventions
are most effective when they are theory-based (Morrison

et al., 2012; Riley et al,, 2011). Michie and Prestwich (2010)
point out that theory helps in identifying key constructs, such
as self-efficacy, that are hypothesized to be causally related to
behavior. This, in turn, provides the means for selecting the
appropriate behavior change techniques and helps to under-
stand the reasons why the intervention was effective, or not.
The standardization of behavior change techniques, on the
other hand, allows the identification of which techniques
contribute to effective interventions and supports the effective
application of interventions from research protocols to prac-
tice (Michie et al., 2011a).

Despite the benefits of taking a theoretically grounded
design process, recent studies have shown the majority of
mobile apps to lack theoretical content. For instance, Cowan
et al. (2013) scored 127 exercise apps on the degree to which
they include theoretical constructs from four dominant the-
ories: the health belief model (Becker, 1974), the theory of
planned behavior (Ajzen, 1985), the transtheoretical model
(Prochaska & Velicer, 1997), and the social cognitive theory
(Bandura, 1991). Scores ranged from 1 to 28 on a 100-point
scale with the average being 10/100. Azar et al. (2013) fol-
lowed a similar methodology to assess the use of theoretical
constructs among weight management apps and found an
average behavioral theory score of 8.1/100. Riley et al. (2011)
reviewed mobile health behavior interventions and found that
the use of theory varied substantially per domain, with 1/20 of
disease management interventions to be theory-based, 0/10 in
treatment adherence, 7/12 in weight loss and 5/7 in smoking
cessation. The use of theoretically and empirically supported
behavior change techniques has also been found to be limited.
For instance, Conroy et al. (2014) reviewed the descriptions of
167 top-ranked mobile apps and found that most apps
employed fewer than four behavior change techniques.
Similarly, Middelweerd et al. (2014) found an average of five
among the 26 techniques present in the behavior change
taxonomy of Abraham and Michie (2008) to be included in
64 physical activity promoting applications, with “self-
monitoring,” “providing feedback on performance” and “goal-
setting” to be the most frequently used behavior change tech-
niques. All in all, Yang et al. (2015) found only 39 out of the
93 behavior change techniques that are present in Michie
et al.’s (2013) taxonomy, to be used in mhealth apps.

The lack of a theoretical basis in the design of behavior
change technologies may be traced back to a number of
different reasons. Firstly, design teams often lack behavioral
science expertise. With an abundance of behavioral theories
and according behavior change techniques, designers and
researchers are “having a hard time deciding with confidence
which of the theories and techniques to use in their design
and research” (Michie & Prestwich, 2010). Moreover, the
design of technological intervention further complicates the
landscape as, through optimization and choice removal (e.g.,
a heating system that turns on/off automatically), technology
often increases the complexity and variety of unconscious
strategies that designers can and may need to leverage on
(Cash et al., 2017). Therefore, Secondly, practitioners tend to
find academic writing style abstract and complex, while lack-
ing details that are critical to the implementation of industry
applications (Colusso et al., 2017). Thirdly, accessing



academic resources is also found difficult among practitioners
because a) they may use incorrect search terms for finding
relevant literature, b) they find it difficult to detect which
articles merit attention given the large amount of academic
resources, and c) they face cost barriers due to paywalls of
online academic literature (Colusso et al., 2017). Furthermore,
much of the literature on behavior change interventions is not
specific to interaction design. For example, Mitchie’s beha-
vioral change wheel distinguishes between seven alternative
policy categories conducive toward behavior change, among
which communication could be considered as encompassing
interaction design. Similarly, Bartholomew’s intervention
mapping approach by Bartholomew et al. (2015) details
a structured approach to designing health interventions that
do not address the concerns of interaction designers and is
not easily consulted during design activities.

2.2. Design cards as a design support tool

One design support tool that has proven effective in transfer-
ring theoretical knowledge during design meetings is design
cards. Design cards have been found to provide a number of
benefits such as helping to kickoff and structure the design
discussions, making theoretical knowledge accessible and pro-
viding a common vocabulary within the design team, support-
ing and emphasizing turn-taking, and supporting
collaboration by being shared objects for discussion among
team members (c.f. Halskov & Dalsgard, 2006; Hornecker,
2010; Lucero & Arrasvuori, 2010).

Prior work has demonstrated that design cards can be used
anytime in the design process, starting at initial ideation,
moving to the development of the ongoing concepts and
finally the evaluation of the design concepts (Deng et al.,
2014; Lucero & Arrasvuori, 2010; Lucero et al., 2016; Wolfel
& Merritt, 2013). For instance, the Inspiration Cards by
Halskov and Dalsgard (2006), are employed at the beginning
of the design process. In doing so, they found an increase in
idea generation and inspiration for user-centered design,
while the cards worked as repositories for statements and
arguments, using the cards as bookmarks for thoughts. The
creators of Tango cards evaluated the tool in two design cases,
an early-stage design activity of developing a tangible game
and a late-stage design activity of redesigning a web-based
game (Deng et al., 2014). The results showed that the cards
made design knowledge accessible in both situations while
these authors also suggest that the tool might be useful during
a later stage design activity, such as the evaluation of a game
using the cards. Design cards might also be useful when facing
specific problems or looking for alternatives during the design
activity. The IDEO Method Cards (2003) describe in
a condensed form different methods that fit either in an
early design stage or in evaluation and testing; therefore,
they are meant to be used as needed in the design process.
Additionally, cards are mostly used in specific situations, for
instance, in workshops. However, while the duration of their
use is limited to the duration of a short session (e.g., 2"/
hours), one may still refer back to the cards later in the design
process when necessary (Lucero et al., 2013; Wolfel & Merritt,
2013).
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In this study, we present the Behavior Change Design
(BCD) cards, a card-based design tool developed to translate
the knowledge of two behavioral models, the Transtheoretical
Model of behavior change (TTM) and the Behavior Change
Techniques Taxonomy (BCTTv1), and encourage the design
community to engage with and develop theory-based behavior
change technologies.

3. The BCD cards

For the development of the Behavior Change Design cards
(BCD cards), we employed two well-established models. We
chose the Behavior Change Techniques taxonomy (BCTTvI,
Michie et al., 2013) because it is the first cross-behavior hier-
archical taxonomy and the most comprehensive list of behavior
change techniques (Wang et al., 2019) and because it has been
used extensively for the design of technological interventions.
The second model we chose is the Transtheoretical Model of
Behavior Change (TTM, Prochaska & Velicer, 1997), and spe-
cifically the stages and the processes of change. Both models
have been widely used across different behavioral domains and
provide a vocabulary that is accessible to interaction designers.
In the following sections we first elaborate on these two theo-
retical models, and then describe the design and development
of the behavior change design cards.

3.1. Stages and processes of behavior change

According to the Transtheoretical Model (TTM) (Prochaska
& Velicer, 1997), an individual moves through five stages
when modifying behavior. In pre-contemplation, the indivi-
dual is unaware or uninformed about the consequences of her
behavior and resists changing it. Moving to contemplation,
the individual becomes more aware of the pros and cons of
changing her behavior, yet suffers from decision ambivalence.
In the preparation stage, the individual already has a plan of
action and is taking significant steps toward the behavior. In
the action stage, the individual has made specific modifica-
tions in her lifestyle toward the behavior. Last, in the main-
tenance stage, the individual has maintained the behavior
change for a while and intends to sustain the new behavior;
works to prevent relapse to earlier stages.

The TTM also suggests covert and overt activities people
can use to progress through stages (Prochaska et al., 2015),
named as the ten Processes of Change. Empirical evidence has
shown a systematic relationship between the five stages and
the ten processes of change, suggesting that individuals in the
early stages rely on more cognitive, affective and evaluative
processes to move through stages, while individuals in later
stages rely on commitments, conditioning, contingencies,
environmental controls, and social support (Prochaska et al.,
1992). For instance, for a person in the precontemplation
stage, the process of consciousness-raising will increase aware-
ness of the causes, consequences, and cures for problematic
behavior. This may be achieved, for example, through media
campaigns raising the importance of the behavior, and by
providing feedback on one’s behavior. In the action stage,
the process of contingency management is more relevant.
This process revolves around consequences for taking steps
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in a particular direction, such as rewarding positive behaviors
and reducing the rewards arising from negative behaviors.
Reinforcement, incentives, and group recognition are,
among others, procedures that increase the possibility of
repeating the desired behavior. One should note that not all
processes apply to every type of behavior. This implies that
intervention designers need to identify which processes are
relevant at each stage of change, for the behavior they wish to
modify (Prochaska et al., 2015; Rakowski et al., 1998).
Additionally to the ten Processes of Change, for people to
progress through the stages they need a) decisional balance -
a growing awareness that the “pros” of changing surpass the
“cons,” and b) self-efficacy — the confidence that they are able
to maintain the changed behavior in situations where they
may be tempted to relapse to their former unwanted beha-
viors (Prochaska et al., 2015).

The TTM model has gained extensive popularity among
researchers, practitioners, and clinicians, and it has been used
in a wide range of behavioral interventions, from physical
activity promotion to smoking cessation, and others (see for
example, Horowitz, 2003; Hutchison et al., 2009; Marshall &
Biddle, 2001; Spencer et al., 2002, 2006). In addition, many of
the concepts and ideas of the model are shared with other
behavior change models, such as the Health Belief Model
(HBM) (Rosenstock, 1974) and Bandura’s (1977) Self-
efficacy. The TTM has also been widely adopted in the HCI
field. For instance, in a 10-month in-the-wild study of the
adoption, engagement, and discontinuation of an activity
tracker called Habito, Gouveia et al. (2015) found that users
in intermediary stages were more likely to adopt a tracker
(~50% adoption rate) than users in the early or late stages
(~20% adoption rate). On the contrary, the results of a review
study by Kersten-Van Dijk et al. (2017), suggest that personal
informatics technology is mainly effective in the later stages
(action and maintenance). While the two studies seem to
disagree, or at least suggest a discrepancy between users’
preferences and the support they receive from behavior
change technologies, both are indicative of how TTM can
inform design. All in all, the TTM is an informative model
for the design of behavior change technologies as it deals with
sustained behavior change, given that behavior change is

Outcome
Expectancies

Consciousness

Raising

Precontemplation — Contemplation —

t f

a long - term process that requires preparation, change and
subsequent sustainability of implemented behaviors (Kersten-
Van Dijk et al,, 2017).

Despite the extensive use of the model in various domains,
it does not deal with how its concepts might be applied in the
context of designing behavior change technologies. Therefore,
for the design of the BCD cards, we focused on the constructs
proposed by the TTM that involve “the acquisition of new
information and insights of the sort that might be obtained
through Personal Informatics (PI)” (see Figure 1). According
to Kersten-Van Dijk et al.’s (2017) approach these are: con-
sciousness raising, outcome expectancies, self-efficacy, and
self-monitoring & contingency management. The construct
of consciousness-raising is particularly relevant at the precon-
templation stage and aims at increasing individuals’ awareness
of their behavioral problems, and especially of previously
unknown issues. For instance, a tracker may automatically
measure and provide insights into the user’s heart condition.
Outcome expectancies is most relevant at the first two stages,
precontemplation and contemplation, and refers to making
the advantages of the desired behavior more explicit. For
instance, for a user that usually eats right before going to
bed, a system may help her see the benefits of increasing the
gap between bedtime and her last meal (e.g., better sleep
quality). Contingency Management and Self-monitoring is
most relevant to the last two stages, those of action and
maintenance: an individual is more likely to act and maintain
a certain behavior if she keeps track of her behavior and the
obstacles she faces and deals with them as they arise. For
instance, providing informative and immediate feedback to
the user with respect to the relevant behavior (e.g., 180 cal-
ories left of today’s meals consumption) is likely to influence
her behavior. Finally, self-efficacy is an essential requirement
for a person’s change process that applies in all five stages of
the TTM. It can be influenced by different sources of infor-
mation, such as providing information about previous perfor-
mance accomplishments, to give the feeling of confidence to
the user that she is capable of doing the right thing.

Combining the TTM with the BCT taxonomy (Michie
et al., 2013) can help designers think of the target audience
in terms of personas (e.g., someone being in the precontem-

Self-monitoring
& Contingency

Management

Preparation — Action — Maintenance

! | J

Self-efficacy

Figure 1. Overview of the stages of change from the Transtheoretical Model (Prochaska & Velicer, 1997) and information/insight-related processes of change that can
aid progress through these stages. Figure from Kersten-Van Dijk et al. (2017, p. 275).



plation stage has no intention to increase her physical activity,
yet), and structure the different behaviors in terms of their
goal (i.e., the process in the language of the TTM). Prior work
has shown that, in the case of technological interventions,
while users may benefit from exposure to behavior change
techniques, they may feel that the techniques are not relevant
to their individual needs (Lee et al., 2017). The TTM has been
shown to be a good model for contextualizing the use of
different behavior change techniques as it helps structure the
behavior change process in different phases (Cilliers et al.,
2015; McClurg et al., 2015).

3.2. Behavior change techniques

Behavior change technologies can leverage decades of evi-
dence about the efficacy and effectiveness of different beha-
vior change techniques in the behavioral sciences. Michie and
her colleagues, developed a structured approach to designing
or updating behavior change interventions and strategies, the
Behavior Change Wheel (BCW) (Michie et al., 2011b). The
BCW lists common intervention functions (e.g., modeling,
education, training, etc.) which can be translated into specific
techniques for changing behavior. Using a range of specific
behavior change techniques, such as goal setting or providing
feedback, one can develop a detailed intervention plan.

An attempt to list all the available behavior change techni-
ques was a taxonomy of 93 behavior change techniques tax-
onomy, clustered into 16 categories, which can be used in
multiple behavioral interventions (Michie et al., 2013). For
each of the 93 techniques, the taxonomy provides
a description with one (or more) examples explaining how
the technique can be implemented in intervention design. For
example, the technique prompts/cues is described in terms of
how it can be used in the intervention: “Introduce or define
environmental or social stimulus with the purpose of prompting
or cueing the behavior. The prompt or cue would normally
occur at the time or place of performance.” Apart from the
example provided, there are also notes, which highlight differ-
ences or similarities to other techniques.

The taxonomy was developed to guide physical interven-
tion designs rather than the design of technological solutions.
However, a considerable number of the 93 techniques can also
be employed in the design of interactive technology for beha-
vior change (Yang et al., 2015). Michie et al.’s (2013) taxon-
omy has been found useful by many researchers and
designers, using it as a guide or a checklist for the develop-
ment and the evaluation of behavior change interventions,
both physical and digital, across a wide range of application
domains (e.g., Conroy et al., 2014; Dahlke et al., 2015; Helf &
Hlavacs, 2016; Morrissey et al., 2016).
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Michie et al.’s (2013) BCT taxonomy has been used in the
field of Human-Computer Interaction as well. Many research-
ers attended to review and evaluate mobile applications for
behavior change. For example, a four-week study by Stawarz
et al. (2015) explored the influence of different types of
positive reinforcement and cues on habit formation and con-
ducted a review of 115 habit formation applications to inves-
tigate the use of relevant habit formation techniques derived
from the BCT taxonomy. They found that existing apps focus
on self-tracking and reminders, but do not support event-
based cues. Alnasser et al. (2016) implemented 30 BCTs
from Michie et al’s (2013) taxonomy in the design of
a weight-loss application. Within the app, users are encour-
aged to consider themselves as a role model for their children
or family members (BCT 13.1: Identification of self as role
model). They are also given professional advice on how to
restructure their living environment to support the ease of
making healthy decisions (BCT 12.1: Restructuring the phy-
sical environment). Graded weight loss goals are also included
in the app as well as a graded step goal which increases the
number of steps over time (BCT 8.7: Graded tasks; see
Alnasser et al., 2016 for the full list of the implemented
techniques).

3.3. The design of the BCD cards

The Behavior Change Design cards (BCD cards) consists of
a total of 40 double-sided cards: one introduction card, five
stage cards devoted to the five stages of behavior change
(Prochaska & Velicer, 1997), 34 technique cards, adopted by
the Behavior Change Techniques taxonomy (Michie et al.,
2013), along with a “define the problem” exercise. For the
development of the BCD cards, we followed a three-step
process (see Figure 2). First, we clustered the 93 behavior
change techniques proposed by the taxonomy into 34 new
categories, each one representing a technique card in our
deck. Second, we mapped each of the 34 techniques to the
five stages of behavior change, signifying which stage(s) each
group of techniques is most relevant to. Finally, we defined
the layout and the content included in the BCD cards. We
explain these three steps below.

3.3.1. Clustering the behavior change techniques

Michie et al.’s (2013) Behavior Change Techniques taxonomy
was initially developed to guide health behavior change inter-
ventions, facilitated by medical practitioners. However, while
the taxonomy has been used lately in the design of interactive
technology, we suggest that not all the techniques are relevant
to technological interventions. Therefore, we decided to
exclude those techniques that seemed irrelevant to this
cause. All 93 techniques were discussed by the first two

CREGINI——> O BCTs excluded ——> NG NN—> EREES (N

Figure 2. The Behavior Change Techniques (BCTs) selection procedure.

Each group is a technique
card in the BCD cards
deck.

Min = 1 and Max = 13
techniques per group
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authors until reaching consensus. We ended up excluding 9
out of 93 techniques (e.g., “Pharmacological Support”); see
Appendix A, Table Al for the list of excluded techniques and
the reasons for exclusion.

Next, we found many BCTs presenting similar strategies,
but differentiating against one or more dimensions. For
instance, Goal setting (behavior) and Goal Setting (outcome)
are essentially the same technique, only differing in terms of
what the goal is - a behavior (e.g., walk 3 miles a day), or
a desirable outcome (e.g., lose 0.5 kg over a week). Similarly,
social support is split into three different techniques in Michie
et al.’s (2013) taxonomy with respect to whether it refers to
“practical,” “social” or “unspecified” support. Other techni-
ques were found to be similar in scope, yet differing in their
implementation. For instance, Behavioral Contract is a written
commitment regarding the behavior to be changed, while
Commitment is the verbal analogy. For all those cases, we
decided to group them while preserving the information on
the backside of the card. For instance, the type of goal (i.e.,
behavior or outcome) was inserted on the backside of the card
as a design consideration (i.e., “how will you guide the user in
setting an appropriate goal?”; what type of goals are you
designing for: behavior (e.g., steps) or outcome (e.g., weight
loss)?”). While, to our knowledge, there are no studies on the
appropriate size of a card deck to effectively facilitate discus-
sion and group thinking, we observed that it is common for
design card decks to consist of 20 to 50 cards and we felt that
including all behavior change techniques from Michie et al.’s
(2013) taxonomy would considerably increase complexity
with no corresponding gain regarding to how well designers-
users of the cards would be informed. Lucero et al. (2016)
suggest that too few cards may negatively affect the creativity
of the output, while too many cards may cause confusion and
a waste of time when participants are reviewing their options
(cards) during the design process. We thus ended up with
a total of 34 technique cards in our deck (Appendix A,
Table A2).

This process was done iteratively by the first two authors
until the structure was judged to be complete. After the
classification of the 83 techniques into the 34 groups was
complete, an independent researcher was given the definitions
of the 34 groups and the definitions and examples of the 83
selected techniques as given by Michie et al. (2013). He was
then asked to classify each of the 83 into the new 34 groups;
each technique was used only once. An inter-rater reliability
analysis using the Kappa statistic was performed to determine
consistency among raters. There was substantial agreement
between the two raters classifications, k = 0.74 (p < .000). To
ensure that no information was left behind during the mer-
ging procedure, we translated the definitions and examples
provided by Michie et al. (2013), into guided questions and
hints, and included them on the back-side of each card. For
instance, when merging the techniques Avoidance (“Advice
on how to avoid exposure to specific social and contextual/
physical cues for the behavior, including changing daily or
weekly routines”) and Distraction (“Advise or arrange to use
an alternative focus for attention to avoid triggers for the
unwanted behavior”), we used the definition of the first and
added on the back-side of the card a number of questions that

prompt designers to think of the combination of the two
techniques (e.g., “What triggers the unwanted behavior?
Social cues such as smoking with friends? Physical cues such
as being at a pub? Emotions and thoughts?,” “When is the
right time to distract from these cues?”). Those questions
worked either design considerations, or as examples from
specific domains, or as steps in implementing the strategy.

3.3.2. Mapping the behavior change techniques to the
stages of behavior change

One can think of the five Stages of Behavior Change as periods
in time, or as mental states implying a set of tasks that need to
be done in order to move to the next stage. A hierarchical
relationship can be defined between the stages, the processes
and behavior change techniques. For instance, in the precon-
templation stage, consciousness raising is particularly impor-
tant, which may be facilitated by techniques such as
“information about consequences” and “social comparison.”
Moreover, a technique may be applicable in more than one
stage, but needs to be designed differently for the different
stages. For instance, considering goal setting, one would natu-
rally expect that a person will set a goal as soon as she decides
that her behavior needs to be changed and she is ready to take
action. This places her in the Preparation Stage. This means
that the “Goal Setting” technique can only be designed for
a person that belongs in one of the last three stages:
Preparation, Action, and Maintenance. Nonetheless, the goal-
setting feature can be designed differently in each stage: in the
preparation stage we can help the user set an appropriate goal,
in the action stage we can focus more on feedback and
gradually support increasing the goal, and in the maintenance
stage we can assist in providing adjustments to the goal to
prevent possible relapse.

Following this rationale, the first two authors mapped each
of the 34 techniques to one or more of the five stages of
behavior change. This process was done iteratively and on
the basis of the definitions of the TTM’s stages and processes
of change, as well as the definitions and examples provided by
the BCTs taxonomy. While we did not create separate design
cards for the processes of change, this information was
inserted as design considerations on each of the stage cards
in our card deck (see section 3.3.3), as we found the processes
to support the ideation around each stage of the behavior
change process. For the full classification of BCTs against
the stages of behavior change, see Appendix A, Table A3.

3.3.3. Information architecture of the BCD cards

The BCD cards consist of five Stage cards, 34 Technique cards
and one Define the Problem card, approximately 13 X 9 cm in
size. All cards are two-sided and combine text with images to
support glanceability and quick communication, following the
recommendations by Wolfel and Merritt (2013), Halskov and
Dalsgéard (2006), and Lucero and Arrasvuori (2010).

3.3.3.1. The stage cards. The front side of each Stage card
(Figure 3) presents the title and a description of the stage,
while the backside lists a number of design considerations
relevant to this stage and the processes involved. Initially, all
stage cards were color-coded in shades of blue, from light blue



CONTEMPLATION

Design

Figure 3. A stage card (left: front side, right: backside).

(Pre-contemplation) to dark blue (Maintenance), as we
wanted to give the feeling of the gradual transfer from one
stage to the other. However, participants in our formative
evaluation studies faced difficulties in differentiating the
stages and mapping them to appropriate techniques. Thus,
the latest version of the cards presents each stage with
a discrete color, in an effort to make the cards more memor-
able and the technique-stage mapping easier.

3.3.3.2. The technique cards. Each of the 34 behavior change
techniques is presented in a card, along with a brief descrip-
tion, an example, and design considerations. Design consid-
erations serve to stir up discussion and group interactions,
and their role has been shown to be particularly important
(Deng et al., 2014; Hornecker, 2010). In the first version of the
cards, while the backside presented the design considerations
and a pictured example. However, participants in our forma-
tive studies focused primarily on the technique description
and the example in their effort to gain a first understanding of
the technique. We thus reorganized the material, placing the
example on the front side along the description, and the
design considerations and hints on the backside of the card
(see Figure 4). The front side also included colored tabs

Guided
Stage Name

Description
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representing the stages to which the featured technique is
deemed relevant. For instance, in the example provided in
Figure 5, goal setting is deemed relevant to the preparation,
action and maintenance stages.

3.3.3.3. The “define the problem” exercise. In our second
formative study (see section 4.2) we observed that participants
lack focus, drifting toward different directions as they gener-
ate ideas. We thus decided to include an exercise that would
assist participants in defining the problem they wish to solve
and remaining focused on this during their later design
inquiry. Michie et al. (2016) suggest that the first step in
designing a behavior change intervention is to define the
behavioral problem. This can be done by specifying the target
behavior and identifying what needs to be changed. The
“define the problem” exercise was initially a two-sided card
where both sides consisted of a series of guided questions.
During the evaluation of the BCD cards (see section 5) we
found participants using only the front side of this card and
“forgetting” the questions on the backside. Therefore for the
latest version, we decided to create a one page “define the
problem” exercise providing the possibility to designers to
write down the responses on the paper describing the

-= Stage tabs

Example
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Figure 4. A technique card (left: front side, right: backside).
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WHAT BEHAVIOR NEEDS TO BE CHANGED?

WHO IS INVOLVED (INDIVIDUAL, GROUP OR POPULATION)?

WHERE (LOCATION) DOES THE BEHAVIOR OCCUR?

IS THERE A NEED FOR CHANGE? WHAT IS THE TARGET BEHAVIOR?

WHAT DOES THE USER NEED T0 DO DIFFERENTLY TO ACHIVE THEIR
DESIRED BEHAVIOR?

WHEN, WHERE, HOW OFTEN AND WITH WHOM SHE BE DOING IT?

Figure 5. The Define the Problem exercise.

behavior to be changed and the target behavior and discuss
the initial possible solutions to achieve this new behavior. This
exercise is proposed for use at an early stage of the design
process where a group of designers hasn’t yet agreed on what
the design brief should be.

3.3.3.4. Beta version. We created a beta version of the tool and
conducted two formative studies with the goal of informing the
design of the cards. The beta version consisted of 29 cards: one
intro card (i.e., describing the general content), five stage cards
describing the five stages of behavior change and 23 technique
cards describing each of the behavior change techniques. All
cards were two-sided. The stage cards were colored in different
hues of purple to give the feeling of the gradual transfer from one
stage to the other. On the front side of each of the stages cards,
a description was provided. On the backside questions related to
the processes of change and possible design directions. The front
side of each of the technique cards included the description of the
technique and hints (on some of the techniques cards) while the
backside included questions and one pictured example with
verbal explanation. Moreover, each of the technique cards indi-
cated a bar of five tabs at the bottom - each one representing one
of the five stages. Specific tabs were colored - to the same color
as each stage card - indicating in which stages that specific

technique can be applied. The beta version was used in the two
formative studies described in the next section.

4. Formative studies

Two formative studies were carried out in order to gain an
initial understanding of the function of the BCD cards and to
inform their further development.

4.1. Formative study |

The goal of the first study was to inquire into the overall
experience with the BCD cards and find the best possible ways
of using them in the design process.

4.1.1. Participants

A total of 22 students (12 male and 10 female) worked on two
different design cases, “Oral Hygiene” and “Open Office
Annoyance,” as part of their course assignment in Design for
Behavior Change, in the Master’s program of [Anonymized for
Review]. Eight groups of either two or three students worked
independently on their design cases in a 30-minute-long design
session. Participation in the design exercise was optional and
the students used the cards in their benefit as it was related to
their final assignment for the course.

4.1.2. Study procedure

After a short presentation on the BCD cards, with no specific
instructions on how to use them, students were invited to use the
deck in their design inquiry. At the end of the session, students
were asked to fill in a questionnaire regarding their overall
experience with the cards and provide recommendations for
improving the cards. More specifically, they responded to ques-
tions such as “To what extent did you use the design cards?,”
“How helpful were the [descriptions of the techniques]/[ques-
tions]/[examples and pictures] on the cards?” using 5-point
Likert scales (1 = Not helpful at all to 5 = extremely helpful).
Additionally, they elaborated in free text as to whether and how
the cards helped them apply theoretical design principles in
their design case, what information they missed on the cards,
what parts of the cards they liked, what they did not like, and
what they would like to change on the cards. Finally, we held
a five-minute interview with each group of students, to discuss
and better understand their responses to the questionnaire.

4.1.3. Findings
Opverall, the cards were judged to be useful during the design
sessions by the majority of the students (91%, N = 20/22;
mean = 4.41, SD = 0.8). Among the factors which were named
as “things they found helpful” (i.e., descriptions, questions,
and examples), description were chosen as the most helpful
(mean = 3.95; SD = 0.72) when using the cards, followed by
the questions (mean = 3.55; SD = 1.47) and the examples
(mean = 3.27; SD = 1.49) on the cards.

During the first informative study we observed that at some
times participants struggled to warm up and engage with the



Table 1. Instructions regarding the use of the BCD cards given to participants
during the second formative study.

(1) Describe in one sentence the problem you are trying to solve.

(2) For each of the stages, write down the main challenges that need to be
addressed.

(3) Pick one of the challenges. Review the Behavior Change Techniques cards,
and select a few that have the potential to address this challenge (Hint:
not more than 2). Discuss how you would modify. Provide this informa-
tion on a poster.

(4) Choose a new challenge from a different stage and repeat step 3.

process, asking questions such as “what do we have to do?” or
“where do we start; from here [showing a stage card]? .” We also
found that some participants would get confused during the
design process: “now, what do we have to do with these [showing
the technique cards]?.” To address these problems, we created
a set of instructions (see Table 1) on how to use the cards that
we deployed and tested during the second formative study.

4.2. Formative study Il

Based on our findings in the first formative evaluation, for
this second evaluation, we adapted the context and procedure
of using the BCD cards. We conducted a workshop with the
aim to evaluate whether providing instructions on how to use
the tool would provide a better structure for the design
process. We also assessed the overall function of the BCD
cards, their potential in supporting theoretically grounded
design, and students’ experiences with the cards.

4.2.1. Participants

The second formative study consisted of an 1> hour-long
workshop with 25 students (7 male, 18 female) following the
[Anonymized for Review] at the [Anonymized for Review].
Students worked in teams of two to four. They had been
previously asked to decide on a behavioral problem they
wanted to design for, as part of their course’s requirements.
Participation in the design workshop was optional and no
incentive was provided.

4.2.2. Study procedure

Students worked on a wide range of behavioral problems,
from motivating type 2 diabetes patients to adhere to their
treatment plan, children aged 12-18 years old lacking the
motivation to study to adhere to their study schedule, and
patients with a one-hand disability to use their affected hand
in their daily life, among others. After a short presentation of
the BCD cards, participants were asked to follow a 4-step
exercise (see Table 1) when using the tool and created
a poster elaborating on their ideas and how they used the
tool in the design process. They were also asked to complete
a 4-item self-efficacy questionnaire, inspired by Bandura
(1977; See Appendix B, Figure B1), before and after the design
activity, along with the questionnaire used in the first forma-
tive study that was only completed after the design activity.
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4.2.3. Findings
In this study, 87,5% (N = 21/24, one did not answer) found
the BCD cards overall useful in the design procedure (Mean =
4.08; SD = 0.584), while almost all participants found the
descriptions (96%, N = 24/25; Mean = 3.92; SD = 0.812) and
questions (92%, N = 23/25; Mean = 3.52; SD = 0.714) as the
most helpful element on the cards, followed by the examples
and pictures 58.3% (N = 14/25; Mean = 3.08; SD = 1.139).
We found a significant increase in participants’ self-efficacy
after the design session (pre: Mean = 41.70, SD = 20.297; post:
Mean = 64.67, SD = 10.59; t (24) = —4.615, p = .000). We had
no means of knowing whether this is due to the BCD cards, or
to other factors such as the experience they gained from the
design activity. A constraint that was obvious when using the
BCD cards was that participants generated many interesting
ideas, often unrelated to their design case, yet this often
resulted in confusion and loss of focus. This might happen
because of the exposure to much information and different
techniques that can solve a problematic behavior. However,
they tended to generalize their ideas and not focus on the
specific target audience and problematic behavior they initi-
ally discussed. Therefore, the later improved version of the
cards was extended with a card named “Define the problem”
(see section 3.3.3).

5. Evaluating the efficacy of the BCD cards

We conducted a user study in order to evaluate the efficacy of
the BCD cards as a design support tool. More concretely, we
wanted to inquire into the benefits that the cards bring to the
design process, if at all, and into designers’ overall appraisal of
the cards, in terms of their usefulness and ease of use.
Moreover, we wanted to understand whether using the BCD
cards enhances designers’ feeling of being creative and capable
of designing for behavior change.

5.1. Method

The study followed a simple between-subjects design study
with two conditions: with and without the BCD cards. Both
groups were given a brief introduction to the goal of the
study. We then provided the following design brief and
asked participants to develop their design solutions:

According to the World Health Organisation (WHO), 28% of
adults, aged 18+, are insufficiently physically active with physical
inactivity being a key risk factor for chronic noncommunicable
diseases, such as diabetes, heart diseases, and cancer. Health
recommendations on physical activity for adults suggest that an
active person should: do at least 150 minutes of moderate-
intensity physical activity per week (WHO), walk 10000 steps
per day and to take breaks from sedentary activities at least
every 30 minutes. However, maintaining sufficient levels of phy-
sical activity is increasingly challenging, as people’s daily work and
living environments are increasingly sedentary. Your task is to
design technology for adults 18+, to support them in increasing
their daily physical activity levels with the aim to reduce the risk
of developing chronic diseases.

Each team consisted of two participants. They worked on the
design task for approximately 60 minutes. After reading the
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brief, participants in the experimental group (with the BCD
cards) followed instructions on how to use the cards.
Participants in the control group were asked to follow the
brief, and design their solution using the blank wireframe
templates. The outcome of each creative session was
a design rationale, which described the proposed solution
along with an elaboration on why and how the solution
would address the problem provided.

Before the design sessions, participants in both groups
completed a pre-study questionnaire, rating the extent to
which they were familiar with any behavior change theories
and/ or techniques, as well as their self-efficacy beliefs when
designing for behavior change. After the design session, par-
ticipants in both groups completed again the self-efficacy
beliefs questionnaire, as well as a validated scale (ie., the
Creativity Support Index; Carroll et al, 2009; see section
5.1.2 Measures), to self-report on how creative they felt during
the design activity. Participants in the experimental group
additionally completed the Perceived Usefulness and Ease of
Use Questionnaires scales from the Technology Acceptance
Model (Davis, 1989; see section 5.1.2 Measures). Some of the
participants of the experimental group participated, on
a voluntary basis, in a 15-minute follow-up semi-structured
interview discussing their overall experience with and apprai-
sal of the BCD cards. Each interviewed participant received
a €10 voucher as compensation.

5.2. Participants

A total of 29 participants joined the study (15 in the experi-
mental and 14 in the control condition). All participants (12
male and 17 female, median age = 21), were undergraduate
students of the Design for All course at the [Anonymized for
Review], with a background in Graphic or Multimedia design.
They had worked together as part of their studies and chose
their own partner for this study. Moreover, participation was
optional and students did not have previous collaboration
with any of the authors. Participants’ prior exposure to beha-
vior change theory was measured through a single question:
“Rate the extent to which you are familiar with any behavior
change theories and/ or techniques.” Most participants were
unfamiliar with behavior change theory, yet we found
a significant difference in the responses across the two groups
(experimental: mean = 1.73, SD = .96; control: mean = 2.93,
SD = 1.27; t(27) = —2.87, p < .01).

5.3. Measures

5.3.1. Perceived creativity of the design process

The Creativity Support Index (Carroll et al., 2009) was com-
pleted by all participants across the two conditions (with and
without cards), in order to assess whether the BCD cards
increased the perceived creativity of the designers. Participants
used the Beta CSI version of the tool, and the index for each
participant was computed manually. This score is the result of an
equation between participants’ responses to a) six statements,
such as “I was very engaged/absorbed in the activity — I enjoyed
it and would do it again,” using 10-point likert scales and b)

a comparison of each of the six factors against the other five to
assess the relative importance of these factors to each participant
for the activity under study. The internal reliability of the ques-
tionnaire was good (Cronbach’s alpha = 0.82).

5.3.2. Self-efficacy

participants in both groups completed a self-efficacy ques-
tionnaire, before and after the design process, reporting
their self-efficacy beliefs in relation to behavior change design.
We created a 10-item questionnaire (see Appendix B, Figure
B2) following the guidelines of Bandura (2006). Participants
responded to each of the statements using a numerical scale
that ranged from 0 (Can not do at all) to 100 (Highly can do).
The internal reliability of the instrument was good to excellent
(Cronbach’s alpha: pre = 0.887, post = 0.909).

5.3.3. Perceived usefulness and ease of use of the BCD
cards

Participants of the experimental condition were asked to
complete the six-items Perceived Usefulness (PU) and
Perceived Ease of Use (PEU) questionnaires of the
Technology Acceptance Model (Davis, 1989), using seven-
point scales. Internal reliability was good for both Perceived
Ease of Use (Cronbach’s alpha = 0.856) and Perceived
Usefulness (Cronbach’s alpha = 0.895).

5.4. Findings

The objective of the third study was to evaluate the efficacy of
BCD cards when designing for behavior change and to examine
how the cards’ features supported or constrained the design
process. We summarize below our findings, using
a combination of questionnaires, observation and interview data.

All in all, we found the BCD cards to bring a number of
benefits to the design process.

The cards supported the design process by kicking off
ideation and helping participants generate ideas believe they
would not have thought of otherwise. As some participants
mentioned: “[the cards] helped think about principles that
I otherwise would have missed” [P4], “ ... sometimes they
gave me the inspiration to think of a solution for my design
case, like the rewards technique” [P15]. Participants often
commented that the cards helped them in structuring and
guiding their thinking: “the cards help you to reason from
strategy to idea instead of coming up with random ideas,
which you will have to verify afterward” [P4]. The cards
often acted as “reminders of ways that you can use to achieve
behavior change” [P21], while the stage of change helped
participants in framing the problem and challenged them to
see the problem from a different point of view:

It was nice to think with a different perspective towards the
problem” [P11] “they helped me to see the problem from another
perspective, due to the different steps” [P20],

with the first cards [stage of change cards] you can determine in
what stage you want to work on, and with the second cards
[technique cards] you can pick in what way you want to solve
the problem [P2].



The design considerations placed on the backside of the cards
were judged as “helpful questions [that helped to] start think-
ing” [P22]. These design considerations often became the focal
point of discussions, generated further questions, and helped
participants deepen their understanding of a particular beha-
vior change technique and its application in their situation.

Moreover, we found that the physicality of the cards helped
in making the design process visible, provided a shared voca-
bulary among group members, and helped participants in
deciding which strategies are most suitable for their design
context. As some participants mentioned: “ ... Here we can
move the cards and be more efficient [...]. We all talk about
the same precise stage/element” [P3], “it helped to make it more
visible, and it is something tangible to fall back on. It helps in
making clusters and keeping an overview” [P16], “ ... it was
useful to have a good overview of the design principles in order
to make connections between them” [P18].

On average, participants found the BCD cards easy to use
(mean = 4.94, SD = 0.85) and useful (mean = 4.83, SD = 1.14)
for the design of behavior change technologies. Participants
highlighted as an advantage the fact that no prior knowledge
was necessary in order to use the cards, and that they made
the two theoretical models easy to understand: “the cards were
very helpful because your grasp of the theory does not have to
be good to make use of it in your design case” [P6], “I like that
we were able to use the cards without prior knowledge” [P5].

Next, we expected that when using the Behavior Change
Design cards, participants would feel more creative and would
rate their experience during the design session as a more
creative one, as compared to participants in the control con-
dition; 25 out of 29 participants of the study completed the
CSI questionnaire (experimental condition: N = 15; control
condition: N = 10). Our hypothesis was confirmed, as we
found a statistically significant difference between the two
groups (experimental: mean =69.82, SD = 11.68; control:
mean = 61.6, SD = 29.81, t(23) = 0.971, p < .001).

Finally, we also expected that the Behavior Change Design
cards would strengthen participants’ self-efficacy beliefs
regarding the design of behavior change technologies. All 29
participants, in both the control and the experimental condi-
tion, responded to the self-efficacy questionnaire before and
after the design activity. As expected, we found a statistically
significant increase in self-efficacy beliefs for the experimental
group (pre: Mean = 59.6, SD = 12.94; post: Mean = 71.63,
SD = 10.23); t (27.97) = —2.59, p < .05; but not for the control
group (pre: Mean = 68.86, SD = 12.94, post: 76.86, SD = 14.1,
t(25.8) = —1,56, p > .05). However, no statistically significant
difference was observed in post-session self-efficacy ratings
between the two groups (just the t(26.03) = —1.05, p = .303).

6. Discussion and conclusion

Prior work has emphasized the need for design support tools
that make behavioral science theory accessible during design
meetings (Colusso et al., 2017; Michie & Prestwich, 2010).
Toward this end, this paper described the design, develop-
ment and evaluation of the Behavior Change Design (BCD)
cards. The BCD cards were grounded on two well-established
theoretical models of behavior: the Transtheoretical Model of
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behavior change (Prochaska et al., 2015; Prochaska & Velicer,
1997) and the Behavior Change Techniques Taxonomy (BCT
taxonomy, Michie et al.,, 2013). By condensing Michie et al.’s
(2013) BCT taxonomy to a set of 34 behavior change techni-
ques that are applicable to the design of digital interventions,
and presenting these in a tangible format, the BCD cards
provide an easily accessible repertoire of theoretically and
empirically grounded behavior change techniques for interac-
tion designers. Further, using Prochaska and Velicer (1997)
Transtheoretical Model of behavior change, and particularly
the stages and processes of change, the BCD cards provide
a way to structure designers’ efforts, inviting them to tailor
their intervention to particular stages of change and to con-
sider the specific challenges and the purpose the intervention
can serve in each stage. By mapping the 34 techniques to the
five stages of change, we support designers in selecting the
behavior change techniques that are most appropriate to
a given stage.

Following Roy and Warren (2019) call for more empirical
evidence on the assumption that design cards support knowl-
edge transfer tools during design activities, we employed the
BCD cards in an experimental study that aimed at inquiring
into: a) the benefits that the cards brought to the design
process, if at all, b) participants’ overall appraisal of the
cards, in terms of their usefulness and ease of use, and ¢)
the experiential effects of using the BCD cards in terms of
experienced creativity and participants’ self-efficacy beliefs,
regarding designing for behavior change.

All in all, we found the cards to bring a number of benefits
to the design process. The cards helped design teams in
kicking off ideation and coming up with ideas that would
not have been thought of, otherwise, and facilitated colla-
boration by providing a shared vocabulary and acting as
tangible reminders of ideas that emerged during the design
process. The stage of change cards supported teams in fram-
ing the problem and guided their thinking process, while the
design considerations placed on the backside of each techni-
que card became the focal point of discussions and helped
participants deepen their understanding of particular techni-
ques and how these apply in their situation. Quantitative data
further supported this view as they revealed that participants
who used the BCD cards experienced their design session as
a more creative one, as compared to participants in the
control condition, who did not have access to the BCD
cards. With respect to self-efficacy beliefs, we found
a statistically significant increase in perceived self-efficacy
for participants in the experimental condition, after complet-
ing the design session, but not for those in the control con-
dition. However, post-session self-efficacy did not differ
between the two groups. This may be an artifact of the
small sample size of the study, or the between-subjects
experimental design employed. As no participant experienced
both conditions, participants may have been judging their
perceived self-efficacy to different standards (e.g., the efficacy
of other participants in their team). While the BCD cards
may have supported participants’ ability to design for beha-
vior change, they might have, at the same time, overwhelmed
them by the sheer amount of information provided during
a limited period of time. Understanding and measuring the
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experiential consequences of design support tools is thus of
critical importance.

Toward this end, this paper also contributed with the
development and assessment of a self-efficacy scale (see
Appendix B, Figure B2) for the context of behavior change
design, measuring designers’ perceived efficacy in different
facets of the behavior change design process, including iden-
tifying and articulating the problem in behavioral terms, mak-
ing appropriate use of behavior change techniques, designing
creative solutions, and communicating effectively all design
decisions. The scale was developed by observing participant’s
activities in two formative studies and was found to have
satisfactory internal reliability. As there is a growing interest
in developing behavior change technologies and related
design support tools, this scale can be useful in assessing the
experiential effects of these tools.

One should highlight the need for fine tuning of design
cards during their creation. Our formative studies revealed
a number of deviations from our expectations in terms of
participants’ behavior. Participants would often glance at part
of the card, skipping important information, while confusion
about terms and definitions were often raised. The formative
studies led us to revise and reorganize material and to add
new cards that helped in structuring the design process. Not
surprisingly, creating design cards should also be subject to
a user-centered design process.

One should also note a number of limitations in the cur-
rent studies that require further exploration. First, our quan-
titative analyses opted to inquire into interim outcomes of the
BCD cards, and in particular, self-efficacy and experienced
creativity. While one would naturally assume increased self-
efficacy or experienced creativity to reflect also stronger out-
comes of the design process, such as more creative ideas, and
ideas with stronger theoretical grounding, this may not always
be true. One could also even hypothesize a reverse effect, as
the sheer amount of information may overwhelm designers
and disturb the design process. For instance, Daalhuizen et al.
(2014) compared a systematic to a heuristic method, and
found that despite its benefits, the systematic method intro-
duced higher time pressure to designers, it reduced their
motivation and was perceived to require higher effort than
simply using a set of heuristics. Dorst (2008) argues that
assessments of design tools should focus not just on enhan-
cing the efficiency and the effectiveness of the design process
but also on the design content, the design context and the
designer’s needs and existing practices. While we have pro-
vided evidence regarding the benefits the BCD cards bring to
the design process, it is less straightforward to lay claims
regarding the efficacy or effectiveness of the resulting solu-
tions in changing behaviors. Such behavioral outcomes
depend on a large number of design and implementation
decisions pertaining to various aspects of the user experience
affecting the adoption of the technology and its ability to
deliver the intended intervention. One could conceive of
studies that would seek to establish a causal link between
the use of the cards and behavior change outcomes by con-
trolling for these extraneous variables. For example, we could
imagine implementing and comparing empirically a large
number of concepts developed with and without the within

constrained technological settings (e.g., one example is
Gouveia et al.’s, 2016, rapid prototyping of different physical
activity tracking concepts as watchfaces on Android smart-
watches and their comparative week-long field trial), the
impact of other factors could be controlled. However, such
an approach would lack external validity and would not do
justice to the wicked nature of design problems and the
contextualized nature of design processes. A more fruitful
direction for future research would be the use of BCD cards
in real-world design projects, where the patterns of use and
the value that practitioners reap from using the cards are
assessed by qualitative means. Second, while the current stu-
dies assessed the capacity of the BCD cards to support the
initial phases of the design cycle, and particularly in relation
to ideation, one could further explore their potential to sup-
port late stages, during idea evaluation and refinement.
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Table A1. List of excluded behavior change techniques from Michie et al.’s (2013) taxonomy, along with reasons for exclusion.

Excluded Technique Definition

Reason for exclusion

10.7 Self-incentive Plan to reward self in future if and only if there has been

effort and/or progress in performing the behavior
10.9 Self-reward

support facilitate behavior change

11.2 Reduce negative Advise on ways of reducing negative emotions to facilitate

emotions performance of the behavior

12.6 Body Changes Alter body structure, functioning or support directly to

facilitate behavior change

15.2 Mental rehearsal Advise to practise imagining performing the behavior

of successful
performance
15.4 Self-talk

successfully in relevant contexts
the behavior
16.1 Imaginary

consequence
16.6 Imaginary

Prompt self-praise or self-reward if and only if there has
been effort and/or progress in performing the behavior
11.1 Pharmacological Provide, or encourage the use of or adherence to, drugs to

Prompt positive self-talk (aloud or silently) before and during

Advise to imagine performing the unwanted behavior in
punishment a real-life situation followed by imagining an unpleasant

Advise to imagine performing the wanted behavior in a real-
reward life situation followed by imagining a pleasant consequence

As the technology enables monitoring of one’s behavior, self-incentive is
replaced by technology-supported reward and incentive provision.
Same as 10.7.

The technique needs to be facilitated by a medical practitioner.

Given current technology, facilitating and monitoring the outcomes of this
technique is challenging. The technique is more relevant to traditional
interventions facilitated by a medical practitioner.

Same as 11.2.

The technology enables monitoring of one’s behavior and may suggest
alternative contexts to perform the behavior. The imagination of such
contexts can be prompted but not monitored by the technology.
Same as 11.2.

Same as 11.2.

Same as 11.2.

Table A2. The 34 technique categories, each representing a technique card in the BCD cards deck, and the techniques included in each of the categories. BCTs’

numbers and names are as originally provided in Michie et al.’s (2013) taxonomy.

Technique Category

BCTs per category

Goal Setting
Problem Solving
Action Planning
Review Goals

Commitment

Surveillance

Feedback on Behavior

Self-Monitoring

Social Support

Information about antecedents

Information about consequences

Skills Training

Social Comparison
Prompts/cues

Reduce prompts/cues
Satiation

Exposure

Associative learning
Behavior substitution/Create alternatives

1.1 Goal Setting (behavior)

1.3 Goal Setting (Outcome)

1.2 Problem Solving

1.3 Action Planning

1.5 Review behavior goal(s)

1.6 Discrepancy between current behavior and goal
1.7 Review outcome goal(s)

1.8 Behavioral Contract

1.9 Commitment

2.1 Monitoring of behavior by others without feedback
2.5 Monitoring outcome(s) of behavior by others without feedback
6.3 Information about others’ approval

2.2 Feedback on behavior

2.6 Biofeedback

2.7 Feedback on outcome(s) of behavior

2.3 Self-monitoring of behavior

2.4 Self-monitoring of outcome(s) of behavior
3.1 Social Support (unspecified)

3.2 Social Support (practical)

3.3 Social Support (emotional)

4.2 Information about antecedents

4.3 Re-attribution

4.4 Behavioral Experiments

5.1 Information about health consequences
5.2. Salience of consequences

5.3 Information about social and environmental consequences
5.4 Monitoring of emotional consequences

5.5 Anticipated regret

5.6 Information about emotional consequences
16.3 Vicarious consequences

4.1 Instruction on how to perform a behavior
6.1 Demonstration of the behavior

8.1 Behavioral practice/rehearsal

6.2 Social Comparison

7.1 Prompts/cues

7.2 Cue signaling reward

7.3 Reduce prompts/cues

7.5 Remove aversive stimulus

7.6 Satiation

11.4 Paradoxical instructions

7.7 Exposure

7.8 Associative learning

8.2 Behavior substitution (Create alternatives)
8.4 Habit reversal

(Continued)
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Table A2. (Continued).

Technique Category BCTs per category

Habit formation 8.3 Habit formation

Graded tasks 8.7 Graded tasks
Overcorrection 8.5 Overcorrection
Generalization of a target behavior 8.6 Generalization of a target behavior
Credible source 9.1 Credible source
Pros and cons 9.2 Pros and cons

9.3 Comparative imagining of future outcomes
Rewards 10.1 Material incentive (behavior)

10.2 Material reward (behavior)

10.3 nonspecific reward

10.4 Social reward

10.5 Social incentive

10.6 nonspecific incentive

10.8 Incentive (outcome)

10.10 Reward (outcome)

14.4 Reward approximation

14.5 Rewarding completion

14.6 Situation-specific reward

14.7 Reward incompatible behavior

14.8 Reward alternative behavior

12.1 Restructuring the physical environment
12.2 Restructuring the social environment
12.5 Adding objects to the environment
12.3 Avoidance/ reducing exposure to cues for the behavior
12.4 Distraction

13.1 Identification of self as role model
13.4 Valued self-identity

13.5 Identity associated with changed behavior
15.1 Verbal persuasion about capability
Framing/Reframing 13.2 Framing/Reframing

Punishment 10.11 Future punishment

14.1 Behavior cost

14.2 Punishment

14.10 Remove punishment

7.4 Remove access to the reward

14.3 Remove Reward

14.9 Reduce reward frequency

15.3 Focus on past success

13.3 Incompatible beliefs

Restructuring the environment

Reducing Exposure to cues for the behavior

Self-Identification

Reduce Rewards

Focus on past success
Incompatible beliefs

Table A3. The 34 technique categories, classified to the five stages of behavior  Table A3. (Continued).

change.
Technique Stages of Behavior Change*
Technique Stages of Behavior Change* Satiation AC, MA
Goal Setting PR, AC, MA EXPOSUYE | EE ﬁg MQ
: ssociative learning , AC,
Proplem Sol\{lng PR, AC, MA Behavior substitution/Create alternatives PCO, CO, PR, AC, MA
Action Planning AC, MA Habit formation PR, AC, MA
Review Goals AC, MA Graded tasks PR, AC, MA
Commitment PR, AC, MA Overcorrection AC, MA
K Generalization of a target behavior AC, MA
surveillance . AC, MA Credible source PCO, CO, PR, AC, MA
Feedback on Behavior AC, MA Pros and cons co
Self-Monitoring AC, MA Rewards AC, MA
Social Support AC, MA Restructuring the environment PR, AC, MA
. ' Reducing Exposure to cues for the behavior PR, AC, MA
Information about antecedents PCO, CO, PR, AC, MA Self-ldentification PCO, CO, PR, AC, MA
Information about consequences PCO, CO Framing/Reframing PR, AC, MA
Skills Training PR, AC Punishment AC, MA
Social Comparison PCO, CO, PR, AC, MA Reduce Rewards MA
P y AC. MA Focus on past success AC, MA
rompts/cues . Incompatible beliefs PCO, CO, PR, AC, MA
Reduce prompts/cues MA

(Continued)

PCO = Pre-Contemplation; CO

AC = Action; MA = Maintenance

Contemplation; PR = Preparation;



Appendix B

Please rate in each of the blanks on the column how certain you are that you can design
for behavior change.

Rate your degree of confidence by recording a number from 0 to 100 using the scale given
below:

0 10 20 30 40 50 60 70 80 90 100
Cannot Moderately Highly certain
do at all can do can do

Confidence
(0-100)

I can design for behavior change.

1 can apply behavior change methods to my design.

Make use of the Transtheoretical Model of behavior change.
Make use of Behavior Change Techniques.

Figure B1. Self-efficacy Questionnaire used in the second formative study before
and after the workshop session.
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Please rate in each of the blanks on the column how certain you are that you can design
for behavior change.

Rate your degree of confidence by recording a number from 0 to 100 using the scale given
below:

0 10 20 30 40 50 60 70 80 90 100
Cannot Moderately Highly certain
do at all can do can do

Confidence
(0-100)

Design technologies for behavior change.

Describe a problem in behavioral terms.

Develop design solutions for behavior change needs.
Objectively select best design solution/concept.

Justify design decisions and solutions.

Design for different stages in behavior change.

Implement different behavior change techniques to designs.
Communicate project details in writing.

Work effectively in a team.

Manage my time efficiently to accomplish activities.

Figure B2. Self-efficacy Questionnaire used in experimental and control condi-
tions before and after the design sessions.
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