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Abstract: The incorporation of digital functionalities into consumer packaged goods (CPG) has the
potential to improve our lives by supporting us in our daily practises. However, despite the increasing
availability of data about their use, research is needed to explore how these data can be harnessed
to create such digital enhancements. This paper explores how consumers can utilise data about
interactions with CPGs to conceptualise their enhanced versions. We devised a data-inspired ideation
approach, using data visualisations and design cards to facilitate the conceptualisation of enhanced
CPGs. Analysing the role of data as expressed through participants’ comments and designs, we found
that data served as a basis for the creation of unique concepts imbued with greater consideration
for the experiences of others and attention to their own interests. Our study shows the value of
empowering consumers through data to broaden and inform their contributions towards the creation
of smart products.

Keywords: fast-moving consumer goods; ubiquitous computing; participatory design; product de-
sign

1. Introduction

Consumer packaged goods (CPG) (Furthermore, known as fast-moving consumer
goods (FMCG)) are disposable, relatively low-price, frequently replenished products such
as packaged foods and toiletries. CPGs represent more than half of all consumer spend-
ing [1] and are indispensable in countless daily practices [2]. Given the impact these
products have on our lives and the increasing availability of Internet of Things (IoT) tech-
nologies [3], there has been a greater focus on creating enhanced versions of CPGs which
provide additional functionalities tailored to fit their context of use and meet consumer
needs [4]. Innovations such as a pill container which reminds one to take their medica-
tion [5], a disposable toothbrush which teaches kids about oral hygiene [6], and packaging
which provides information about the condition of a product [7] illustrate the capacity
of enhanced CPGs to have a positive impact on our lives. They could also help reduce
some of the negative aspects associated with CPGs [8]; for example, the value of additional
functions could help CPGs transition from disposable packaging to reusable containers,
thereby offsetting some of their environmental impacts. Due to the potential of these
innovations, the CPG industry—one of the largest sectors in the economy, expected to reach
more than $17 trillion by 2025—has made one of its highest priorities the development of
enhanced CPGs [9].

However, despite recent research in human–computer interaction (HCI) aimed specif-
ically at enhancing interactions with CPGs [10,11], devising enhanced versions of these
goods which actually meet people’s needs remains quite challenging, and the relatively few
which are available on the market have thus far experienced only a fleeting interest [12].
Designing for enhanced CPGs may be even more challenging than for more conventional
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and durable goods (e.g., a watch [13]) due to CPGs’ defining characteristics, including their
disposability and frequent need to be repurchased [14], as well as the fact that they are
rarely used in isolation, but rather in conjunction with one another as complements [15].
Qualities such as these do not normally lend themselves to the equipment of modern
digital technologies.

Emboldened by the capabilities of IoT technologies, contemporary approaches to prod-
uct development emphasise the value both of involving consumers through participatory
design in the early stages of innovation [16], and of utilising data about our practical interac-
tions with everyday objects as a resource for innovation [17]. Given that conceptualisation
is the stage argued to have the greatest influence on the level of product innovation [18], it
is essential to capture the opinions of consumers as early as possible. However, while it
has been demonstrated that providing data about item usage during the design process
represents a substantially powerful approach [19], to our understanding this has not yet
been applied in the creation of enhanced CPGs.

As one of the most prevalent everyday practises involving CPGs, our work draws
upon data on their interactions during the process of cooking. The study presented here
seeks to explore how consumers make use of these specific data as a resource with which
to design digitally enhanced CPGs. Our primary research question is:

‘How do consumers make use of data about interactions with consumer packaged goods
to conceptualise digitally enhanced CPGs?’

Inspired by previous frameworks which have placed data at the centre of the design
process [16,17,20], we present a ‘data-inspired ideation’ approach as a tool for participants
to explore data on how CPGs are used in practice and to inspire the creation of sketches.
We devised a structured workshop to study how participants draw upon the data as well
as how they reflect on the influence of this approach on their ideation process. To facilitate
the participants’ use of the data, we devised an array of design resources including data
visualisations, as well as design cards and a design sheet. Our findings are thus informed by a
thematic analysis concerning both the sketches and comments made while drawing them.

The main contribution of this paper is an exploration of how consumers make use
of data to design enhanced CPGs. In this regard, we found that participants used the
data in three distinct ways: (1) to develop a varied and pragmatic understanding of CPGs,
(2) to consider the experiences of others by promoting inclusivity, and (3) to bring to light
latent information not intrinsically associated with the data provided. We discuss how
the concepts reflected common design topics including digitisation of information and
adaptation over innovation. Lastly, we reflect on the details of how consumers utilised
the data, and we offer considerations which may be of interest to consumer-mediated
innovation. This work demonstrates the merits of our approach, which can be adopted by
researchers and designers interested in creating such products.

2. Related Work

This section provides a brief review of some relevant innovations in digitally enhanced
CPGs, as well as of data-based design approaches.

2.1. Innovations in CPGs

Regardless of their success on the market, it is important to survey some of the at-
tempted digital enhancements to CPGs in the past. One of the most important areas of
innovation for CPGs is focused on incorporating technologies which add functionalities,
helping these goods better serve their primary purposes [21]. Enhanced CPGs are envis-
aged as hybrid products capable of connecting to smart devices and the Internet, and of
responding to their interactions [4]. Examples of these products include ketchup bottles
which display recipe suggestions in augmented reality [22], and wine bottles equipped
with sensors which provide dynamic information to facilitate brand authentication [23].

Enhanced CPGs are becoming a growing topic of interest in HCI as the subfields of
human-packaging interaction [11] and human-food interaction [10] have found themselves
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at the forefront of developments by harnessing properties of the packaging and combining
food traditions with IoT technologies to create novel product experiences. Velasco and
Spence [11] stressed the importance of developing multisensory consumer-packaging
experiences, such as augmented reality applications which can change products’ colour and
shape [24]. Altarriba and colleagues [10] cited the opportunity to harmoniously integrate
playful and socio-emotionally rich experiences into cooking and eating, thereby adding
value to these practices [25].

Nevertheless, research on connecting CPGs to the IoT is still in its infancy, and the
relatively few enhanced CPGs created thus far tend to focus on specific aspects of isolated
product interactions with insufficient emphasis on their associated practices [26]. CPGs,
like any other type of object, lend themselves to a particular set of actions and interactions
which need to be understood from the dyadic human-object level to the practical and
contextual level [27]. Nonetheless, while a considerable effort has been made towards
understanding isolated user-product interactions [26], there have been few attempts to
harness empirical findings concerning their use as a design resource.

Data about the practical use of objects can promote more attention being given to their
context during product development, allowing for a more comprehensive approach [28].
In one study, researchers identified the methodologies employed in shopping routines,
then used those insights to inform the design of proactive shopping systems [29]. In
another, a probe was employed to collect information about the disposal of CPGs which in
turn was used to predict the lifecycle of essential ingredients [30]. In a third study which
tested a scheme for delivering a randomised assortment of produce, researchers identified
how people deviated from their standard cooking habits to make use of unexpected
ingredients [31]. Such studies on practical CPG interactions have clearly proven valuable
for obtaining insights which lead to innovation.

2.2. Data and Design

As important as it is to look at innovations for CPGs, it is also vital to look at past
approaches which made use of data for design. Whether it be derived from personal
experiences or from more systematic and formal studies, ‘design is and always has been
informed by data’ [32]. In user-centred design disciplines, practitioners frequently used
data about people’s interactions with objects gathered through a combination of methods
such as usability testing, fieldwork, and focus groups, to guide the design of experiences
and technologies [33]. More recently, user-centred methods have been enriched through the
automated collection of digital information [34]. User analytics are employed, for instance,
to identify effective and rewarding digital experiences [35].

Incorporating data into design approaches also promotes the inclusion of a wider
diversity of people, with consumers being increasingly sought out for their invaluable
knowledge about the practical use of products [36]. Industries are becoming ever more open
to crowd-sourced innovation, and are actively promoting the involvement of consumers [37]
showing a strong desire to encourage them to become involved in co-design by creating
platforms through which they can submit their ideas for review and potential further
development. To give a sense of the value of consumer insights, in recent years more than
35% of new products from Procter & Gamble, a major CPG corporation, have implemented
elements inspired by ideas stemming from (members of) their consumer base [38].

There has also been a newfound interest in HCI concerning the potential of data
collected from IoT devices [39]. In their joint work, van Kollenburg and Bogers [16]
developed a design approach which employed data as creative material. In one of their
studies, they used a ‘connected baby bottle’ which recorded its own interactions in order to
create design probes which provided meaningful information about its use [40]. Researchers
have also revealed the intricacies of interpreting data, and have made suggestions to
facilitate the process. Gorkovenko and collaborators employed an approach relying on data
for the conceptualisation of products [17]. They found that designers eagerly and creatively
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made use of the data; a result which challenged the view that data may lead to a reduction
in human agency.

Data visualisations coupled with design workshops have proven effective in closing
the gap between those with and those without the skills to use data effectively to contribute
to design [41]. This was revealed by Dove and Jones [42], who explored the use of data
visualisations generated by smart-meters to inspire the creation of products and services.
They found that less ambiguous visualisations were judged to be more useful than their
ambiguous counterparts. Similarly, Seidelin and collaborators [43] have emphasised the rel-
evance of providing data in an accessible manner to overcome the challenges of converting
data into a useful resource. They found that data were not taken at face value, but rather
that people brought their own understandings and interpretations.

3. Material and Methods

Informed by design research through practice because of its commitment to learning
from the lived experience [44], we devised a data-inspired ideation approach which puts
data visualisations at the centre of the process. Within the context of our work, we use the
word ‘data’ ‘to refer to quantitative and qualitative findings on the use of CPGs in cooking
collected from a fieldwork study’. To facilitate an understanding and use of our data,
we then presented the findings through data visualisation and devised design resources,
including design cards and a design sheet.

The following sections describe the study from which we obtained the data, the data
visualisations, the design resources, the workshop structure, and the study sessions.

3.1. Data Visualisations

To collect data about the interactions of CPGs in cooking, we conducted a fieldwork
study, which we briefly describe below to provide context for the creation of the data visu-
alisations. We want to emphasise that our goal in this work is not to give a comprehensive
account of how CPGs interact in cooking, but rather to present an example of data about
CPG interactions in practice, which to our understanding has remained undocumented.

We visited twenty households in the greater [blind for review] area to observe people
as they cooked a meal of their choice and which they knew how to prepare by heart. We
recorded the sessions on video and collected field notes focusing on their interactions with
CPGs. The participants had a mean age of 35 (SD = 12), most of whom mentioned that
they cooked regularly, described their skills as average, and expressed that they generally
enjoyed cooking. All the participants resided in the United Kingdom and most were
British, but the sample included individuals from Europe, North America and Asia. In
addition, all the households could be considered middle class. Most of the dishes chosen
were relatively common within the country, and some were cooked in multiple sessions
by multiple participants, such as: scrambled eggs, shepherd’s pie, and spaghetti bolognese (see
Supplementary Materials 1 for more information about the study and sample).

The basis of the analysis consisted of capturing every interaction for each item used
during the sessions, including CPGs and utensils. An ‘interaction’ was considered any
instance in which a participant had contact with an item. Each item interaction was given
a unique identification tag which included its start and end times. The sample consisted
of more than 6000 interactions for more than 200 distinct items. We employed a mixed-
methods approach [45] to analyse and give a meaningful interpretation to this vast quantity
of data, blending summaries from statistical methods with contextual knowledge from
field observations (see Supplementary Materials 1 for a more detailed description of the
analysis methods).

We focused on different features of CPG interactions including their frequencies, dura-
tions, and the point in the session at which they occurred. Informed by the understanding
gained from exploratory analysis, we focused on six different features of item usage which
we deemed to have the greatest potential for design: (1) activities, which tasks were accom-
plished; (2) combinations, groups of items commonly used together; (3) consumption, the
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fraction of an item consumed; (4) interactions, the number of times people interacted with
items; (5) situations, problems or remarkable instances of use; and (6) varieties, a description
of the items’ classifications and uses.

To present our data in an accessible and understandable manner, we made use of
different visualisations informed by narrative visualisations [46] and visualisation repre-
sentations [47].

The data on the eight most frequently-used CPGs, as found in the fieldwork, was
presented in a persona style board. The board contained four sections: about, activities,
combination, and varieties; each of which contained information derived from our findings
concerning the six features of item usage mentioned above. Each section displayed more
information and a visualisation about the topic featured on the label. Four visualisations
were selected, including annotated graphs, network visualisations, thumbnails, and videos;
each accompanied by a brief description for context. For example, as shown in Figure 1 for
the CPG oil and data activities, a short video of someone adding oil to a hot pan was shown,
illustrating one of the most common activities it was involved in, along with contextual
information about the person cooking and the meal (see Supplementary Materials 2 for a
complete example of visualisations for a CPG).

Figure 1. An example of data visualisation for the item oil. The left-side board contains all the data
for the item oil. The right-side board shows the visualisation for the data on activities.

3.2. Design Resources

The design resources were devised to help laypeople create sketches of enhanced
CPGs in spite of their lack of formal, training.

The design cards were inspired by similar cards used in other ideation studies [48,49],
and by a previous series of participatory workshops conducted by the first author of
this study in collaboration with a large CPG company. In these workshops, participants
expressed satisfaction and felt at ease using the cards to ideate product enhancements.

The cards were composed of ten features cards, ten technologies cards, and eight items
cards. Each card was rectangular and colour-coded, and had been printed with an image
and title; features and technologies cards bore a description as well. Each features card
represented a beneficial functionality or attribute which participants could incorporate
(Figure 2). Examples included amusement, cooking skills, and efficiency. The technologies
cards had a device, software system, or some other technology participants could choose
from in order to incorporate the selected features. Examples of these technologies included
3D printing, augmented reality, and motion sense. The items cards contained CPGs which
participants could choose to make designs for. Examples included oil, salt, and spaghetti.

This was a horizontally-oriented sheet with a sketching area and four blank sections:
one space was reserved for data, and the others for the features, technologies, and items cards,
respectively, (Figure 2). Each section had to be filled with at least one piece of data or design
card, but participants were free to choose more if they so desired. The design sheet served
as a template, facilitating the collection and organisation of elements necessary to create
a sketch.
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Figure 2. Examples of the design cards: features, technologies, and items cards, as well as the design
sheet. (images not to scale).

3.3. Workshop Structure

A functional prototype of an interactive website was created in the vector graphics
editor Figma to guide participants through the workshop. To ensure adequate progress, the
first author of this paper took on the role of facilitator in all sessions, guiding participants
and making sure everything was clear. The workshop consisted of eight sequential steps as
described below (see Figure 3).

1. Relevant themes: Participants were briefly introduced to, then encouraged to discuss,
each of the topics of CPGs, cooking, and smart products.

2. Sketching introduction: An explanation of sketching was given along with some tech-
niques to help them in making their own. After their completion, a number of the
sketches were examined. Participants were advised not to be constrained by any
perceived technological limitations.

3. Design cards and sheet: The participants received the design cards and design sheet,
and were given time to explore them as well as make a hand-drawn copy of the
design sheet.

4. Design process: The steps for creating a sketch were provided both verbally and in
writing. These included ways to make use of data, employ design cards as components
for the creation of enhanced CPGs, and integrate these resources within the design
sheet to create sketches.

5. Data exploration: Participants selected a CPG and explored its data visualisations.
They were encouraged to take note of anything they deemed useful for later use in
their designs.

6. Sketching: Participants created their sketches at their own pace. They were encouraged
to draw upon everything they had learned about their chosen CPG.

7. Presentation: Participants gave a presentation on their designs and responded to any
questions posed by the facilitator.

8. Reflection: Participants reflected on, then discussed, how the data had influenced their
designs, as well as the value of the workshop process and design cards.

Figure 3. Visual representation of the eight sequential steps involved in the workshop.
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We acknowledge that our approach influenced the way in which participants framed
their design process, inasmuch as any approach—even one without apparent structure
and guidance—results in participants forming a frame by virtue of their habitual methods
of problem-solving [50]. Given the inevitable influence on the way in which participants
approach a design task, we aimed at facilitating the use of the data.

4. Workshop Study

In preparation for the workshop, participants were asked to have sheets of paper ready,
along with pens, markers, or any other materials suitable for making sketches. The study
was conducted online due to health and safety measures in response to the COVID-19
pandemic. Participants joined the online sessions by video conference at a time prearranged
at their convenience. Sessions were individual; most having only one participant, but
occasionally having two. Prior to sketching, participants received a document containing
the design resources for the selected CPGs, which they explored at their own pace. They
were asked to sketch two designs, though sketching a single design was acceptable when
there was a time constraint. The sessions had an average duration of about 1 h and
30 min. It was approved by the University’s Ethics Committee, and informed consent was
obtained from all participants. At the end of the session, participants provided feedback
for improving the workshop, and they received a £15 gift card as compensation.

We aimed to get a sample which at least partially represented general consumers
having no prior experience in product development. Thirty participants took part in
our study, sixteen of whom self-identified as female, thirteen as male, and one as non-
binary. The participants had ages ranging from 18 to 55 years old, with the majority of the
participants in their 20 s. They were employed in a wide variety of occupations including
lecturer, factory worker, engineer, dentist, IT professional, and student (Table 1). All the
participants resided in the United Kingdom and most of them were British, although the
sample also included individuals from countries in Europe, North America, and Asia.
Recruitment was conducted through an advertisement which was shared on mailing lists,
social media, and through referrals. To be included in the study, participants needed to be
consistent users of CPGs, cook regularly, have experience with smart products, and not
have been formally/professionally involved in the development of CPGs. By including
direct users of CPGs in our workshop, we aimed to accomplish the participatory design
dimension of our study [51]. We decided on the number of participants taking precedence
from a sample of similar design workshop studies [43,48,52] as well as using an assessment
of data saturation [53] to check whether new ideas were arising after each participant, and
stopping when that was no longer the case. We want to emphasise that we were able to
collect in-depth data from each participant due to the sessions being mostly individual and
that, as has been argued by others, the size of the sample did not prevent the discovery of
major themes and generalisation of findings [54].

Data Collection and Analysis

In every session, we collected field notes, made audio and video recordings, and took
photographs of the sketches and other materials produced by participants. The audio recordings
of each session were transcribed anonymously and in full. We took an exploratory approach to
gauge the value of our data visualisations to serve as an aid in sketching enhanced CPGs. This
relied on the first-hand nature of the way in which the effects of the data were directly commu-
nicated to researchers as found in similar studies [17,55]. Thematic analysis was performed on
the transcriptions [56], while polytextual analysis was applied to the sketches [57]. The findings
are thus composed of an interweaving of thematic elements obtained from both methods. The
transcriptions and sketches were initially encoded independently by one of the authors, and a
segment of selected codes was later chosen in collaboration with other researchers to identify
any inconsistencies. The codes were then further examined to consolidate and further distill the
main themes. The analysis focused on identifying emerging patterns, which we then gradually
refined through an iterative process.
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Table 1. Workshop participants.

P Gender Occupation Age Range Region

01 F Marketing communicator 18–25 Europe
02 F Lecturer 36–45 North America
03 M Architect 26–35 North America
04 F Homemaker 26–35 North America
05 F Data analyst 26–35 Europe
06 M Marketing manager 26–35 UK
07 F Legal assistant 18–25 UK
08 M Mechanical engineer 26–35 Europe
09 F Impact officer 46–55 North America
10 NB Graduate student 26–35 Europe
11 M Bartender 26–35 Europe
12 M Graduate student 26–35 UK
13 F Psychologist 36–45 UK
14 M Environmental engineer 26–35 UK
15 F Food scientist 26–35 North America
16 M Industrial engineer 26–35 Europe
17 M Consultant 26–35 UK
18 M Security analyst 46–55 UK
19 F Clinical researcher 26–35 UK
20 F Graduate student 26–35 UK
21 F Administrative assistant 26–35 Europe
22 M Graduate student 26–35 UK
23 M Social researcher 26–35 UK
24 F Project manager 36–45 UK
25 F Lecturer 26–35 Europe
26 F Graduate student 26–35 North America
27 M Musician 18–25 Europe
28 F Waitress 18–25 UK
29 M Software developer 36–45 Asia
30 F Factory worker 18–25 Asia

Notes: P = participant; M = male; F = Female; NB = Non binary.

5. Results

We give an overview of the most prevalent themes exhibited in the design concepts,
and we reflect on the use of both the design cards and workshop structure. This serves as a
basis for the following section, in which we unpack participants’ comments and designs
how it clearly indicates having been influenced by the data.

5.1. The Creation of Design Concepts

The sketches amounted to a total of 58 designs, each representing a different concept.
The most common CPGs participants chose to sketch for were oil (14), spaghetti (10), and
minced meat (9). The designs employed a mean of 2 pieces of data, 2.6 features cards, and
2.2 technologies cards. The most commonly used pieces of data were those on activities (37),
specific situations (24), and combinations (17). The most commonly incorporated features cards
were cooking skills (21), healthy eating (18), and sustainability; and the most commonly used
technologies cards, were sensors (44), apps (24), and smart assistants (20).

It was quite apparent that the resources did indeed prove helpful, and the vast majority
of participants expressed satisfaction with the design cards and sheet, as well as with the
workshop structure in general. Many compensated for their lack of design experience with
their their use of the cards and design sheet, often suggesting their ‘outsider’ perspective
represented an advantage. As expressed by P06, “they helped me frame my idea, and I am
not very good at imagining things”. The cards seemed to have been sufficiently versatile to
include every idea suggested and therefore did not limit creativity. As noted by P12, “the
cards are broad enough so different things can be included”.
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The workshop process led to the creation of unique designs with no two being the
same. Even when participants imagined similar structures, they almost always envisioned
different functionalities and/or benefits. For example, of the 14 design concepts for oil,
4 of them featured a smart dispenser for more efficient portioning, yet they each served
different purposes. The design by P26, for example, integrated the features cooking skills
and efficiency, along with the technologies smart assistant and motion sense. By contrast,
the design by P23 integrated the features cooking skills and healthy eating, along with the
technologies apps and sensors, to focus on an an enhancement which was solely aimed at
accurately dispensing the desired amount efficiently.

Despite the uniqueness of each concept, we identified three of the most common
benefits which participants intended their enhanced CPGs to provide:

Transmission of knowledge. These designs for CPGs aimed to provide a practical
understanding and, subsequently, direct and pragmatic assistance during meal preparation.
The facts and guidance that these interactive products seek to deliver are traditionally
acquired through direct experience, learning from others, or formal education. Participants
expressed that gaining such information would likely improve their skills and be a com-
plement to more conventional ways of learning. Examples of these functionalities include
explanations of how to properly use a product, suggestions on how to improve the flavour
of a dish, and tips for avoiding common mistakes.

Digitisation of existing functions. These designs often included digitised versions of
functions already provided by conventional packaging. Digital components were integrated
into the packaging which connected CPGs to nearby smart devices. These functionalities
aimed to solve common problems or improve the successful properties of conventional
CPGs. Enhancing CPGs was seen in these cases as a way to improve the products without
necessarily making radical changes. Examples of such digitised functionalities included
automated portion dispensation, accessing product information through augmented reality,
and determining product freshness.

Incorporation of values. These designs attempted to incorporate technologies which
promote desirable intrinsic values such as sustainability, ethical sourcing, and healthy
eating. Participants looked for ways to transform CPGs into more socially-responsible
products. They often stated that technology could help consumers to promote business
practices which they support, and furthermore could help CPGs overcome some of the
most common challenges they face. Strides to promote these values were made by, for
example, creating zero-waste refillable subscription services, promoting consumption from
local producers, and tracing supply chain networks to ascertain the origins of a product.

5.2. Data Visualisations in the Ideation Process

We found that participants imagined a specific situation of CPG usage which then
served as the basis for their sketches. We describe three central themes regarding how data
visualisations had direct consequences for the ideation process.

5.2.1. Variety of Interpretations

Participants frequently took multiple, independent perspectives on the same data.
These angles of interpretation often had distinctive consequences for design, while generally
perceived as opening venues for considering different dimensions of CPGs usage, the
resources were also interpreted by some as imposing constraints and leading to designing
for certain kinds of situations over others. An example of the latter sentiment was expressed
by P13, whose perception was that a piece of data (i.e., about the packaging of oil influencing
the way it is handled) could delimit which aspects taken into account and, consequently,
reduce the number of innovations which might be imagined.

P13. “It’s almost like you, when you’re showing that video, it’s almost like a leading
question. Furthermore, you’re saying to people almost subconsciously, ‘there is a problem
here we are going to solve’.”



Multimodal Technol. Interact. 2022, 6, 101 10 of 19

An opposing opinion was expressed by P16, who stated that this same piece of data
expanded their considerations and made them more well-informed.

P16. “Yeah, it will help with that, making the design better at getting different per-
spectives of looking at the food, maybe from the quality side, from the cost—really the
economic side [...] the environment side.”

Contrasting interpretations of data visualisations led to rich designs reflecting the
individuality of each participant’s perspective. The information about salt being the
most commonly-utilised ingredient was interpreted by P03 as illustrating the need to
provide ways to ease the purchase of common ingredients, as opposed to P22, who saw
this as representing a missed opportunity to use alternative seasonings. The ‘ease-of-
purchase’ interpretation led to designing containers which would be part of a subscription-
based service for buying bulk salt, milk, eggs, and other frequently-consumed ingredients,
while the ‘missed opportunity’ interpretation inspired a smart spice rack which would
recommend a blend of spices depending on the food being prepared, as shown in Figure 4.

Figure 4. Design by P22 of a “smart spice rack”.

P22. “I’m just thinking you could do more. Yeah, I mean I know that there were like
hundreds of products that were used and salt is the default, which is why it kind of made
sense for it to be the gateway drug for the other spices.”

In essence, people created unique and subjective interpretations which were influ-
enced by their own experiences, knowledge, and backgrounds. The interpretations which
participants ascribed to the data were highly dependent on the lens through which they
chose to view it, as well as the elements on which they chose to focus their attention.

5.2.2. Considering the Practices of Others

People had a variety of reactions when learning about the cooking practices of others,
particularly when those methods differed significantly from their own. Some accepted
them as simply different, others questioned their own, and a handful even deemed these
other practices as inefficient. Nonetheless, participants were still willing to draw inspiration
from cooking practices they disagreed with for their designs. P23 objected to the action
of returning the remaining half of a minced meat package to the fridge and, as a result,
designed a tag for the detection and prevention of product expiration (see Figure 5).

P23. “Yeah, so the people’s behaviour of only using half a pack. I thought if they struggle
with waste [...] and not knowing after you’ve used it, ‘cause, like, another reason that
I would not only use half a pack is because I would not know how long really it would
last for.”
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Participants realized the limitations of their personal knowledge and recognized
that, when attempting to derive inspiration from the data, they could not avoid basing it
primarily on their own experiences. The data ignited their curiosity for thinking about
the experiences of others, and they expressed having taken into account those whose
living conditions differed radically from their own. The sources detailing others’ practices
may have helped participants make their sketches more inclusive by considering multiple
perspectives as to why something might be valuable. They expressed that, otherwise,
their innovations might have been aimed at only one person: namely, themselves. P14
provided an analogy to illustrate how they interpreted the data, as well as how people
process disinformation in general.

Figure 5. Design by P23 of a “resealable minced beef pack”.

P14. “[. . . ] without data, it’s very easy to fall into your own. . . t-to be stuck in your own
perceptions of the world, right? [. . . ] you extrapolate this to like the way the news works.
If you only read The Sun newspaper, you only ever think that immigrants are the big
problem of the world, right? However, if you read many different newspapers, maybe you
get—have an informed decision.”

In summary, when reasoning about the data, people were forced to consider the
circumstances of others and, in doing so, they acquired the resources that led to creating
design concepts which likely had a more inclusive range of applications than would have
been the case if they had only considered their own experiences. Expanding the set of
intended users for a design may have allowed participants to reevaluate their own biases
and take a more cautious approach.

5.2.3. Influence of Latent Information

In forming their interpretations, participants related the data to a wide range of ideas
which, although perhaps being rather strongly implied, were not actually present within
the data visualisations. Participants drew from their own personal knowledge and interests,
as well as introduced assumptions which led them to contest, critique, and challenge the
data provided. Some participants found the data that was absent to be more telling than
that which was actually shown:

P09. “It woke up my interest to know more about history... It would have been interesting,
a little bit more history detail. That is why I did not learn anything. However, you know,
I think maybe it came from China, did not it? Or originally? Or things like that? [...]
Maybe it would be nice to know...”

Despite a sentiment that the information given was already widely-known, it brought
to their attention a number of related concepts which they became curious to know more
about. Their disappointment with the lack of information provided on the package about
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the history of spaghetti motivated them to create a package equipped with a sensor which
would activate an app providing information to the user to more about the origins of pasta.

Other participants seemed to make assumptions about the demographics from which
the information came and hypothesized on the future adoption of their designs. For
example, data about spaghetti bolognese being one of the most-consumed dishes in the
United Kingdom was cited by P15 to justify their position that some British citizens would
experience problems with the dish because they have poor cooking skills. In spite of any
potential enhancements, the participant believed it unlikely that the average person would
be able to improve their cooking skills. Nevertheless, they designed enhancements aimed
at helping in this area, proposing a connected pot which stored and dispensed oil, salt, and
black pepper to help cook spaghetti as shown in Figure 6.

P15. “At some point, it says that it is the most common dish prepared in the UK. So it’s
something that a lot of people might experience problems with, yeah? [...] However, how
do you make it accessible and easy?”

Figure 6. Design by P15 of a “smart pasta pot cooker”.

Overall, participants did not limit their ideation to being influenced exclusively by the
information presented or the direct logical implications thereof. They voiced assumptions,
invented different contexts, and envisioned possible future ramifications of adopting such
technology. Participants’ reflections were not solely about what was explicitly provided,
but rather everything which they could associate with data.

6. Discussion

Our study shows that the participants made effective use of data visualisations on
CPG interactions to help sketch enhanced CPGs. The data helped bring to the forefront of
participants’ minds many of the complexities associated with practical item use. Herein,
we discuss the participants’ reasoning and design concepts in an attempt to elucidate the
inspiration of the data in their ideation process.

6.1. Using Design Resources in Innovation

Even when participants were told not to be constrained by any utilitarian or techno-
logical limitations, their concepts often exhibited incremental rather than radical innova-
tion [58]. Our approach might have influenced participants to form ideas which they felt
represented common sense and practicality. Their concepts frequently employed technolo-
gies having a similar level of sophistication to those available on the market. It is possible
that people attempted to imbue their designs with a sense of familiarity in the hope that
the resulting products would be more appealing to others. Similarly, the most common
benefits incorporated were those most closely associated with cooking; namely, cooking
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skills, healthy eating, and sustainability, while a desire to improve cooking skills and eat
healthy is something that most of us share, sustainability is a value that is only recently
being more tenaciously pursued due to the evolving environmental challenges we face.
Designers should be aware that consumers might well unwittingly tend to create products
with which they have some degree of familiarity, and if one desires more radical designs, a
more directive approach may be required [59].

Our specially-purposed design cards served as a tool to better engage with data. We
found that the design cards could be put to better use when presented alongside data
visualisations, while neither the cards nor data alone may be enough to foster creativity,
per se [60], our work has shown that they hold such potential when combined. We believe
that cards can help people plan more clearly which attributes they want their products to
have, leaving them free to think about other aspects of design [49]. The strengths of our
design cards mirror those highlighted by Mora et al. [48], including facilitating creative
combinations of ideas, and easing the design process. The cards helped participants easily
navigate through the design process and simplified the integration of insights from data by
breaking down sketching into more manageable tasks. One concern could be that the design
cards might limit creativity by directing people towards certain designs [60]. However,
we found that this was not the case: participants expressed that the cards were general
enough to accommodate any ideas they had, and this was reflected in the uniqueness of
their design concepts.

Participants adopted a pragmatic approach when creating their sketches, focusing
on the practical usage of CPGs. This was evident in designs which aimed to improve
cooking skills (transmission of knowledge), facilitate product usage (digitalisation of existing
functions), and promote desirable benefits (incorporation of values), among others. data
visualisations helped to foster an effective understanding of the information presented,
allowing participants to use their newfound knowledge to make informed decisions. The
benefits of keeping the circumstances of use at the forefront of participants’ minds have
long been of obvious value from a practice perspective (c.f. [28]) as opposed to those in
which the product is viewed more abstractly. To better apply data for guidance in the
design of enhanced CPGs, designers may do well to employ frameworks, such as the
‘Contextual Wheel of Practice’, in order to promote a better understanding of the hands-on
aspects of product usage and support collaboration among users [61].

6.2. Reasoning about Data in Ideation

A singular data point usually had multiple meanings ascribed to it, each supporting
different perspectives. The finding that salt was the most commonly used ingredient was
cited to justify a design which facilitated its purchase (P03), as well as one which promoted
the use of alternative spices (P22). As expressed by Feinberg [62], ‘any “use” of data
represents a continuation of its design’, and thus we found that our participants, when
forming insights for design, were more prone to giving markedly creative interpretations
rather than incorporating only the facts presented, while it might be expected that people
would articulate different perspectives and experiences, what we believe is special from
a design perspective is how this demonstrates another way in which data could spawn
innovation. We feel that the clear reason for the highly subjective interpretations is the
personal knowledge which is brought by each individual, and which is crucial in how one
ascribes meaning [63].

Data visualisations also helped to amplify the considerations given to others. Through
data, participants seemed to envision specific personas for whom they devised their in-
novations, while some imagined a hypothetical “average” person, others drew from the
characteristics of a more specific group. This may promote designs which cater to peo-
ple with specific needs. Such was the case for P23, who designed a resealable pack of
minced meat which they thought could be useful for people interested in promoting
environmentally-friendly alternatives. Data seemed to have helped participants consider
the perspective of others. As noted by P14, without access to such a wealth of information,
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the concepts might have been designed solely for themselves. Data can have the potential
to broaden horizons and make us think more inclusively [64]. As people reflect on the
data, they may be led to a multifaceted understanding, which can support expressing more
empathy towards others whose conditions differ from their own [18].

People also challenged or looked beyond the data in order to connect ideas which
were perhaps only tangentially related. P15 proposed the idea that poor cooking skills
were the reason that spaghetti bolognese was so prevalent. In other instances, participants
reacted to perceived gaps in the data by either ignoring the given information or replacing
them with their assumptions. There were a number of instances in which the data revived
long-forgotten interests which participants once had, but had never found the chance to
properly explore, such as when data about spaghetti served as an aide-mémoire for P09
reminding them of their interest in its history. Sometimes, people just wanted a different
story—one which they may have felt more comfortable with. This especially happened
when they disagreed with the data presented. Given the many ways in which people
deviated from the data, design methods should harness the potential this presents by
encouraging individuals to lean into their diversity of visions and ideas [65].

6.3. Takeaways

Herein we seek to crystallize the learnings from our study for researchers and designers
interested in facilitating data-inspired ideation.

6.3.1. Empowering Consumers’ Innovations through Data

We found that participants readily drew upon and expressed satisfaction with the
data visualisations to create their design concepts. As stated by P24, “I was able to kind of
use what I learned from the data to put them into the design itself”, while we have an intuitive
knowledge of how CPGs are used, we might not remember specific interactions with them
due to their being commonly regarded as unimportant details occurring in the background
of our everyday lives [66]; however, approaches to design which put data at the centre
of the process have shown the value of supplying such information [17,20,40,55,67] to
create innovations firmly grounded in empirical insights. To our minds, the effects of
including only general consumers in these data-inspired approaches still remain woefully
understudied. We contribute to these approaches by showing the value of providing data
as a design resource for members of the general public, and demonstrate that consumers
are highly capable of using such data for ideation when presented in an accessible manner.

6.3.2. Facilitating Innovation through a Structured Design Process

Our study also contributes to participatory design approaches in which people are
generally encouraged to draw upon their experiences to identify problems and create
solutions [68]. Designers can improve their approaches by providing data, whether from
fieldwork observations or connected devices [17]. Consumers, despite being experts of their
own experiences, are a relatively untapped resource when it comes to first-hand knowledge
about the practical use of CPGs, and companies are increasingly taking advantage of this
by including consumers in the design process. One’s capacity to use their own experience
to inform design has until now been feasible only for experts with the training to analyse
them in such a way that proves fruitful [69]. The presentation of data in a structured design
approach like ours could facilitate the use of personal data and lead to the development of
products which both better serve our needs and reflect a greater variety of interests [70].
As expressed by P14, we cannot help but “...be stuck in your own perceptions of the world”.
Involving more people in the design process can therefore lead to designing products which
more consumers would be more willing to purchase [71].

The design workshops of this study contribute to perspectives in design which aim to
incorporate data into their practices. Generally, participants expressed satisfaction with
the workshop organisation, and they welcomed a structured process for streamlining the
conceptualisation of enhanced CPGs. Overall, this study demonstrates that, through a
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structured workshop process with effective visualisations, data can be a powerful resource
and provide innovation for participants without design experience. We showed that
the approach could be flexible enough to accommodate different design objectives, from
merely sketching enhanced CPGs to fostering a discussion about the implications of data
for design. This is an exploratory study, and the approach would benefit from further
testing in different conditions, for example including different data resources and more
collaboratively-designed activities.

6.3.3. Harnessing Data Collected through the IoT

The use of data in this study also represents a chance to harness the capacities of
the IoT. CPGs are increasingly being incorporated with technologies which allow for
the collection of information about their practical use [23]. As we have already seen
with other smart devices, there is great potential in digital information to make positive
changes in our lives [72]. Showing the potential of data for design can influence not only
the development of enhanced CPGs, but also the type of data they might collect [73].
However, designers should be aware that data are not neutral, and that their selection and
representation may cause consumers to gravitate towards unintentionally designing for a
set of specific purposes [74]. Although not a focus of this study, data in combination with
design cards can also be used to spark conversations about issues of great concern for the
IoT, including ethics, privacy, and security, which could further promote the development
of more conscientious technologies [75].

6.3.4. Caveats Concerning Designing Smart Products

We are aware that not all innovations for CPGs have to be digital [76], and that the
incorporation of IoT technologies can have negative effects [77]. To the first point, we
acknowledge that each situation must be evaluated on a case-by-case basis, and that there
are some in which the addition of any technology may be less appropriate [76]. We observed
within the designs of participants that not all were heavily-reliant on technology and did
not necessarily see much benefit from digital enhancements. To the second issue, while
some IoT technologies are difficult to re-utilise and recycle, enhanced CPGs could lead to
functionalities which promote sustainability, such as preventing product waste at home as
well as in supply chains [77]. Moreover, enhanced CPGs promote the use of more durable
containers which lend themselves both to increased reusability and even to the addition
of technologies into the packaging itself. On the whole, we believe that our findings still
clearly indicate the importance of exploring how data can empower consumers in their
efforts to shape product design. Moreover, we recognized that in the field of CPGs, the
interests of industry and consumers are often at odds [78]. As per what we have decided
to be in the best interest of furthering our research goals, we have made the conscious
decision here to effectively shelve industry interests in favour of respecting those of the
consumer where the two may be in conflict.

7. Conclusions

In this paper, we presented a data-inspired ideation approach to enable consumers
to utilise data for conceptualizing digitally enhanced versions of CPGs. Our findings
from participatory workshops suggest that data about the practical uses of CPGs can be
successfully utilised by members of the general public to create a wide variety of designs.
The data was incorporated into design concepts in markedly distinct ways, clearly reflecting
the diversity in participants’ interpretations, greater attention and focus being given to the
experiences of others, and indirectly-related ideas which participants associated with the
information. Though each design was unique, our analysis revealed that they exhibited
common themes relating to the topics of information in design, value-sensitive design,
and adaptation rather than innovation. This study represents a step towards devising an
approach for designing CPGs which takes into careful consideration their practical and
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contextual use, and towards demonstrating the value of consumer participation throughout
the early stages of product development.
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