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Abstract  

This study provides a systematic literature review, investigating current uses and 

application of behavioural data in services design process. The results show a 

predominance of data usage either on product design process by professional 

designers or on personal reflection by service users, and more importantly, there is a 

large gap in what designers and users can benefit from data. The paper argues that 

such a gap limits the potentials of data in service design and highlights the 

importance of co-design between designers and users within data-driven design. 
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Introduction 

Recent advancements in information and communication technologies (ICT) such as 

IoT and wearable devices have made it possible for us to easily acquire vast 

amounts of behavioural data. Behavioural data is defined as “a collection of specific 

information, referring to data from sensors, self-logging, telemetry, or social networks 

which capture people’s behaviours and patterns” (Ortega, 2022), and now used to 

conceptualise, develop, and maintain services and products, as Data Driven Design 

(DDD) (Kirk, 2016). DDD has attracted more attention in the field of design research 

ever before, which is evident in increased numbers of review articles (Bertoni, 2020; 

Montecchi and Becattini, 2020) and thematic articles of design journals (Kim et al., 

2017). Studies on utilization of quantitative behavioural data in design are currently in 
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their infancy and are expected to grow exponentially over the next few decades (Kim 

et al., 2017; Montecchi and Becattini, 2020). 

DDD research topics include DDD framework (Trauer et al.2020), values on 

quantitative data for design (Montecchi and Becattini, 2020), impacts of DDD on 

expert designers and design teams (Bertoni 2020, Cantamessa, 2020), decision 

support for experts (King 2017), and case studies of behavioural data utilization in 

product design (Trauer2020). DDD research has spread to diverse topics related to 

behavioural data utilization in design. 

On the other hand, comprehensive service design research on utilization of 

behavioural data obtained from IoT and wearables is limited. For example, Bertoni 

(Bertoni 2020) conducted a survey of service design literatures on data source and 

algorithms processed in analysing data but have hardly touched upon its wearable 

data itself or its potentials for service design domain. Bertoni (Bertoni 2020) pointed 

out, majority of existing studies used social media and online reviews as data 

sources and derived user needs through text mining, while direct user behavioural 

data such as sensing and wearable data have been hardly explored.  

Regarding behavioural data from sensing and wearable, we have only limited 

knowledge about its usage on services design. First, considering "who" is using such 

data, the research identifies not only designers but also ordinary users who use the 

service (van Dijck, 2014) are data users. Since user participation and involvement in 

the design process are becoming one of the mainstream agendas in the field of 

service design, it is possible and ideal that users will and can use own behavioural 

data in design process. The service design research community has also hardly 

known how behavioural data has used in co-design. In addition, knowledge about 

behaviour data processes is limited. While quite a few research investigated 

algorithmic perspectives on data processing, it has not been clear how behavioural 

data on sensors and wearables are collected, processed, visualized, and used for 

design.  

To sum, there are two major questions regarding behavioural data in the service 

design domain. The first question is about users or viewers of behavioural data 

acquired from IoT and wearable sensors. In other words, it is a question whether 

data consumers are limited to designers or not. Second question is about the current 

condition of data utilization. In other words, apart from conventional algorithmic data 

process approach, how do behavioural data is utilized in service design process. 

Understanding such facts and practice around behavioural data is important for the 

service design community and design practice in our era of big data and will 

contribute to discover future opportunities for DDD research. 
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This paper presents a systematic literature review of the design research, which 

utilise quantitative behavioural data in services design process. The research 

question addressed in the paper is: “How is behavioural data used in services 

design, and what is effective and valuable ways of using behaviour data for design? ” 

To answer this question, this literature study aims to provide an overall picture and its 

current tendency of the behavioural data used in design.  

Method 

The PRISMA statement was applied as our approach, the well-elaborated framework 

for systematic literature reviews (Moher et al., 2009). As the PRISMA statement 

targets medical research where terminology is static and rigorous, it might be difficult 

to completely follow the PRISMA framework in design research (Lame, 2019). 

Therefore, we modified the approach and conducted three phases: database 

searches, screening based on abstract, and qualitative synthesis. Literature was 

searched in August 2021 through a data repository, SCOPUS. Major design journals, 

international conferences, and the ACM library were chosen as target publishers. 

Table 1 shows the search terms used for the literature search. The terminology was 

carefully chosen based on the preliminary literature review so that the selected words 

could cover wider activities relevant to design activities on behavioural data beyond 

sensing and IoT data. This aimed at highlighting the characteristics of behaviour data 

around sensors and IoT. A total of 581 pieces of research were found during the first 

database search. The 536 articles remained after the eligibility check of the paper 

with the year of publications and publishers. Abstracts of the papers were collected 

and screened, and then full papers were analysed based on the five criteria (Table 

2). The literature search and screening process identified 53 papers for the review, 

which was manually expanded to 57 in total with one paper regarding the use of data 

for user research and three articles of data-enabled design based on the existing 

knowledge of the authors. 

Publisher Design Journals Design conferences ACM conferences 

Source title Design Journals, 

Design Studies and 

International Journal 

of Design *1 

International design 

conferences 

ACM 

Years Not applied 2015 -  2015 -  
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Data related terms “Behavioural data” OR "Data visualisation" OR "Personal Data 

visualisation" OR "IoT Data visualisation" OR "IoT" OR "data driven" 

OR "data driven design" OR "data enabled design" 

Design related 

terms 

Not applied Applied *2 

 Table 1. Words in systematic literature search 

*1: “International Journal of Design” OR “design studies” OR “CoDesign” OR “Service 

Design” OR “Design Science” OR “Journal of Design Research” OR “Journal of Engineering 

Design” OR “Research in Engineering Design” OR “International Journal Of Design Creativity 

and Innovation” OR  

*2: "co-design" OR "participatory design" OR "codesign" OR "empathy" OR "empathic 

design" OR “service design” OR "user research" OR "user understanding" OR "user centred 

design" OR "user centric" OR "service design" OR "human centred design" OR "reflection" 

No. Criterion 

1 An article must be published in English 

2 Full paper must be available 

3 An article must NOT be a review research 

4 An article must NOT address pure technology-related issues alone, such as IoT 

backend technology and detailed CAD design or be a simple report of developing 

IoT prototypes.  

5 An article must use or discuss quantitative data for the early design phase, such as 

empathic understanding of users, understanding design contexts, and concept 

generation OR discussing the use of quantitative data or data visualisation for 

design research and practice. 

Table 2. Selection Criteria 

The selected articles were analysed in the following procedure. First, each article 

was summarised into two or three sentences, including key claims of the study. 

Then, each article was categorised with four coding schemes, which categories (1) 

data users (who viewed/used data), (2) data representation (what kind of data was 
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used), (3) data visualization (how the data was visualised), and (4) time scope 

(whether the data visualisation real-time or static). Finally, the five authors cross-

reviewed the notes, then mapped the articles into, using the KJ method (Scupin, 

1997) 

Results from the review 

This section provides an overview of the 57 publications obtained from the 

systematic review process. The analysis focuses on the current practice of data 

utilisation in service design and the following subsections narrow the analysis 

considering the distinct aspects of behavioural data use in design.  

Figure 1. Spatial mapping of articles, using two axes of users and purposes 

From an analytical perspective, this review paper focuses on two axes 

of users and purposes; (1) users indicate who is using behavioural data and for what 

purpose, and (2) purposes clarify what kind of data is collected, processed, visualised, and 

used for design. The two axes were set as two dimensions in the analysis, and the selected 

papers were spatially allocated (Figure 1). The horizontal axis represents three types of data 

users, and the vertical axis represents the purpose of behavioural data usage. The number 

shown in parentheses for each category is the number of defined papers. 

Data users and their purpose 

We identified three types of users: Users, Designers, and Co-Designers. Designers used 

behavioural data the most, featuring 32 papers, while Users used behavioural data with 17 
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pieces. In the five papers, data were used by Co-Designers, and three articles could not be 

clearly categorised between Users or Co-Designers. 

The purpose is divided into two; one for design and the other for reflection. There are 37 

papers (A-E in Fig. 1) that used behavioural data for design, and 20 papers (F and G in Fig. 

1) for reflection. Eight papers (E and F in Fig.1) are categorised into overlapping areas, that 

is, areas used both for design and reflection. Among them, three papers (F in Fig.1) are used 

for reflection, but reflective thinking is explicitly used for design by designers. Looking at the 

papers on the area for design, in more detail, they can be classified into four detailed design 

areas. 14, five, nine and four papers dealt with strategy, concept development, product 

design, and detailed design, respectively. 

Users utilized behavioural data for reflection 

The analysis identified 17 papers that utilised behavioural data by Users, and they 

used behavioural data for reflection by accessing visualised data. The use of 

personal tracking devices such as Fitbit fell into this category. The reflection often 

aimed at changing the viewers' behaviours, which could be further divided into two 

categories: recalling and making sense of episodes. In our review, healthcare data 

visualisation was the most popular topic in this field, which is equivalent to 11 

literatures such as Aseniero et al., 2020; Elsborg et al., 2020; Meyer et al., 2016; 

Tuna and Şener, 2015;  Joung and Kim, 2021; Suryadi and Kim, 2019a. For 

example, data from Electrodermal Activity (EDA) sensors successfully provided a 

clue for anxiety patients to recall their daily life (Elsborg et al., 2020).  

Apart from healthcare contexts, reflection based on behavioural data visualisation 

was used for understanding consumer behaviour in everyday life. Bergamaschi S. 

(2015) proposed a concept of dynamic product, which visualised energy resources’ 

consumptions to make sense of their own consumption habits (Bergamaschi, 2015). 

Similarly, Ahn K., Kim K. O., Sung H. studied consumer behaviour and needs by 

understanding domestic consumption patterns (Ahn, 2015). These articles indicate 

user reflection's values through visualising behavioural data for their own sake. 

However, it is important to note that behavioural data were not utilised as primary 

data in the design process but for reflection. 

Designers utilize behavioural data for design 

The analysis identified 32 papers that utilised behavioural data by Designers in the 

service design process (DDD). The identified purpose could be narrowed down to 

four sub-categories; service evaluation (A in Fig.1), inspiration (B in Fig.1), user 

feedback (C in Fig.1), biomechanics (users' vital data) (D in Fig.1).  
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The articles which used behavioural data to support discussion and decision-making 

at service evaluation are the focus of 14 papers, allocated in policy and strategy (A in 

Fig.1). Text mining is used to elicit users' needs from online reviews for making 

strategy-level decisions (Han and Moghaddam, 2021; Shi et al., 2017; Suryadi and 

Kim, 2019b).  

The articles on concept development (B in Fig1) included research developing data-

based stimuli for concept development, such as providing analogical inspiration 

based on patent databases (Jiang et al., 2022; Sarica et al., 2021; Song et al., 2020). 

Yi Min Lim et al. (2021) developed an idea generation game, a Datastorming kit, 

consisting of open data cards, personal data cards, persona, and theme. The 

concept was qualitatively evaluated with students by generating service design 

concepts. (Yi Min Lim et al., 2021). Pothong et al., (2021) developed a game that 

elicited users' creativity and ideas regarding how data should be treated. Participants 

of the game were divided into two teams and negotiated to trade virtual objects 

representing data. One tool supported automated collection and optimisation of real-

time data, while the other supported conscious collection and sharing of individual 

emotional data. (Pothong et al., 2021). The articles which used user feedback for 

product design (C in Fig.1) are the focus of nine papers (for example, Chaklader and 

Parkinson, 2017; Hou et al., 2019; Joung and Kim, 2021; Suryadi and Kim, 2019a). 

The data sources were online user review comments, and the studies proposed new 

algorithms to analyse data sources and verified the algorithms with specific cases, 

such as tablets (Hou et al., 2019) and smartphones (Joung and Kim, 2021). The four 

papers focus on the articles that used biomechanical measurements of the human 

body for detailed design (D in Fig.1). In the studies, data were collected by 

designated sensors such as motion sensors. The cyber-empathic design used 

embedded sensors to visualise user-product interactions, which was demonstrated 

by a case study visualising the distribution of forces in the shoe sole (Ghosh et al., 

2017). Biomechanical aspects of user-product interactions were measured by motion 

captures and visualised for the designers' inspiration (Camere et al., 2015; Miehling 

& Wartzack, 2015; Wolf et al., 2019). 

CoDesigners utilize behavioural data for design and reflection  

Users sometimes collect, visualise, and analyse behavioural data as designers and 

contribute to the service design. Our analysis identified five papers that utilised 

behavioural data by such CoDesigners in the service design process (DDD) (E-Fig. 

1).  

For example, Routinoscope (Woo & Lim, 2020) installed sensors and actuators to 

create a DIY Smart Home at six private homes, and by browsing the visualised data 
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obtained from the sensors, CoDesigners improved the system over continuous 

reflections. Through the three weeks in "the wild study (living lab)," family members 

as CoDesigners reviewed their routines and actions, which led to improving their own 

daily routines, recognising family challenges, and decreasing family arguments. 

Sensorstation by Denefleh (2019) explored the effect of smart sensors and services 

and their sensing data utilisation in a shared apartment. Users could set up sensors 

at any location of their own choice. Based on the collected and visualised data, future 

services for their own problems were explored through co-design (Denefleh et al., 

2019). This design process has strong characteristics of CoDesign that a person as 

designer and user conducted co-design through reflection in action (Ehn, 1989) 

rather than collaboration between designers and users. As CoDesigners, they utilised 

their behavioural data to conduct reflection and design. By looking back own actions, 

CoDesigners reminded the situation when the behavioural data was collected, and 

they carried out the act of design by revitalising more concrete sensible memories as 

a person concerned.  

This category also includes data-enabled design, which uses fewer data for product 

development, first proposed by Bogers et al. (2016). In data-enabled design, 

collected data from a target device was reviewed by the participants, who are the 

data owners and domain professionals such as medical doctors and designers 

(Bogers et al., 2016; van den Heuvel et al., 2020; van Kollenburg et al., 2018). The 

collected data through sensors was primarily targeted to improve the prototypes by 

providing an in-depth contextual understanding of user behaviours. 

Lastly, the analysis identified three papers in which behavioural data were used for 

reflection by the data owner for design by designers. The behavioural data were 

personal data taken during the user research, such as interviews and used for 

reflecting and recognising unaware behaviour for contributing to the design. For 

example, in the experiment by Arvola (Arvola et al., 2017), where participants were 

equipped with a tiny camera for recording the first-person perspective and a 

wearable device for collecting heart rate, each participant could recall his or her 

behaviours vividly by reviewing own behaviour data. 

Characteristics of Data  

Next, we look at the data characteristics of data, focusing on what kind of data is 

collected, processed, visualized, and used. 

The two categories 
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The behavioural data in the 57 articles have been categorised into two kinds of data, 

Open Data and Private Data. Open Data is publicly accessible data, including online 

data such as posts, comments, and conversations on social media and comments on 

online review sites. In addition, open data also include public data such as surveys, 

traffic, and national census data. At the same time, Private Data is categorised as 

data taken through wearable and IoT sensors and includes limited accessed data 

such as individual activity data or classified public data, which is not available by the 

general third parties. As shown in Fig.2, in our review, 33 papers dealt with open data 

and ten papers dealt with sensor data. 

 

Figure 2. Types of data. *The total number of the studies in the figure does not match the number 

of reviewed papers due to overlaps or inability to classify.  

Examples of Open Data were online reviews and government statistics such as 

populations (Burnap et al., 2016; Claes et al., 2017a). User review data on online 

review sites, such as Amazon, were often analysed to elicit user preferences (Joung 

and Kim, 2021) and user needs (Han and Moghaddam, 2021; Shi et al., 2017). Data 

on patent databases were also used to create creative stimuli through analogical 

inspiration (Jiang et al., 2022; Song et al., 2020) and product function 

recommendations (Deng et al., 2017).  

Private data are taken by sensors such as wearable and IoT, which consisted of 

seven and three papers, respectively. The papers using personal data by sensors 

are overlapped with papers allocated in E and F in Fig1 and are often used for 

reflection. Behavioural data taken through sensors could also be used to propose a 

design solution for public space, where community data were anonymised, 

visualised, and utilised for community commons. Claes (Claes et al., 2017b) 

designed a system that encourages citizen participation in politics. The system 
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visualises and displays citizens' behavioural data accumulated by communicative 

activities in a display set in a public space. Similarly, Puussaar (2018) proposed 

visualisation of the city data on a digital map by plotting public data of the 

municipality. 

These community-related behaviour data are to be indirectly used for design and 

reflection, in which citizens and experts potentially become data users. However, in 

the current cases, it is not Users but Designers who conducted visualisation and 

utilised the behavioural data of the users.  

Data Representation and Real-time-ness 

Behavioural data has usually been visualised in various modalities such as texts, 

ordinal graphs, interactive dashboards, and three-dimensional tangible 

representations (Figure 3), such that the viewers can read data for their own 

purpose. Our analysis identified three, 13, 10, and two studies externalised its 

behavioural data within these data representations. 

 

Figure 3. Data set representation. *The total number of the studies in the figure does not match 

the number of reviewed papers due to overlaps or unable to classify.  

Among all, the ordinal graph representations and interactive dashboards were the 

most major visualisation representation of quantitative data (13 and 10 articles, 

respectively), and a few articles with text representations (three) and data 

materialisations (two). The texts and ordinal graphic representations visualise 

behavioural data in static ways, while dashboards and three-dimensional 

materialised representations sometimes offered real-time data visualisation.  

Among all, a novel and unique approach to data representation, Data materialisation, 

has been suggested in two articles (Beghelli et al., 2019; Bergamaschi, 2015) in our 

studies. Aseniero et al. (2020) developed Activity River to visualise planned and 

recorded personal activities, and various visualisations of data methods as tangible 

forms, which Beghelli called Data Materialisation, have been explored (Beghelli et al., 
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2019). Giving a physical form to data provides the advantage of increasing 

engagement with data (Bergamaschi, 2015), as shown in an example of an artificial 

tree on a table, which swings influenced by the real-time wind speed taken from a 

meteorological agency.  

Our analysis reveals that static data visualisation is still the most popular way to 

show time-consuming analysis results, such as text mining (Joung and Kim, 2021), 

despite the variety of available choices of data visualisations. At the same time, our 

analysis also indicates that choosing appropriate data representations is an emerging 

research interest. In other words, the right behavioural data visualisation choice can 

widen service design opportunities. For example, visualising community data in 

public spaces (Claes et al., 2017a) and viewing personal data in a closed room 

(Denefleh et al., 2019; Woo & Lim, 2020) have different constraints and purposes. An 

appropriate visualisation choice of community behavioural data might motivate 

citizens to commit to city planning (Claes et al, 2017b), while a key for personal data 

visualisation is the easiness of data understanding (Aseniero et al., 2020). The 

modality of data visualisation and representations largely depends on the objectives 

of data visualisation and the type of data a study could capture. Moreover, static and 

real-time data visualisation is also a critical choice in visualising behavioural data. 

Real-time representation helps to comprehend behavioural data better, as shown in 

cases such as the materialisation of outside wind speed (Beghelli et al., 2019) and 

everyday life routine patterns (Woo and Lim, 2020).  

Data Analysis and Discussion 

Due to the increased ease of access to IoT and wearable devices, there have been 

grand expectations for utilization of behavioural data (Bertoni, 2020; Kim et al. 2017). 

In our selection process, majority papers were excluded, among which only 57 

papers met the evaluation criteria. We would argue one of the reasons is, as was 

discussed in Bertoni (2020), the direct users’ behaviour data is scarce, and further 

scarce if we limited behavioural data from sensing devices. 

The following two points were particularly characteristic in our analysis.  

First, much of the research on behavioural data is related to the utilization of online 

data and it was used by designers. It is obvious that behavioural data including open 

data have not been utilized at most of its potentials. Despite the global interests 

towards behavioural data collected by IoT and wearable devices were hardly utilized 

in service design. Our analysis showed that the user-generated data used by 

Designers is often data from social networks and online reviews, and as also 
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mentioned in Hou and Joung and Kim (Hou2019, Joung and Kim 2021), text mining 

is used dominantly as conventional analytic method. In other words, design research 

using behavioural data in response to the increase in IoT and wearable data has 

hardly been conducted, which is consistent with the findings of Bertoni (2020), Kim et 

al (2017) and others. 

On the other hand, in our review, a few cases are found, in which behavioural data 

from IoT and wearables were used. In those cases, the behavioural data was viewed 

by Users, not only by Designers. We also found that when viewed by Users, the 

behavioural data was used for reflection rather than for design. This is because in 

most of the target studies, the purpose of using behavioural data is data visualization 

for behaviour change, and the original purpose of collecting data is not to utilize data 

for design. Among all selected paper, only eight papers are used for design by Users 

and CoDesigners. Among which, the core purpose of the three papers is reflection 

but also concerned for design as well, and the five papers concern design by 

CoDesigner. In the research by Arvola et al., personal reflection was partly used in 

product design. To iterate, in their research, personal data is used for users to recall 

their own experiences, and the result is passed to designers and the reflection based 

on behavioural data oriented toward product development. However, this case still 

did not achieve co-design, as Designers and Users took clearly separated task and 

Users cannot provide any opinions of influence on the design.  

Secondly, our analysis showed that users’ participation in design and users’ 

participation in co-design with designers are untapped arena in DDD research of 

service design. Most of the existing design literature on behavioural data focuses on 

designers utilized the third persons’ behavioural data or users reflected on their 

behaviour with their data.  

Our analysis indicates an untapped opportunity of co-design research, using 

behavioural data in service design. In below, five advantages are discussed.  

First, as Bertoni (2020) also shows, utilizing behavioural data of a service instead of 

the users’ subjective opinions, could grant discovery of unexpected behaviours, 

which would allow an identification of untapped needs. Second, collecting valuable 

behavioural data is necessary to proactively plan and design. The regular collection 

of behavioural data from a service, especially in real-time, requires a proactive 

initiative from the users, facing setup costs, and maintenance costs. Thirdly, GDPR 

and other regulatory and common sense in society have increased the cost for 

dealing with service users’ privacy if the third party use behavioural data. From 

privacy and personal information protection point of view, it is difficult to use personal 

data for design. Therefore, in this review, when personal information such as 
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personal behavioural data is used, it was only when CoDesigners used their own 

behavioural data. CoDesigners can be a designer in unique position as they can 

utilize freely both publicly available data and their own data as input for design. 

Fourthly, it is beneficial for everyone to involve in design. We can see ourselves 

objectively by looking at our own behavioural data and can contribute more to the 

service design that we want. And finally utilizing with behavioural data means to 

promote DDD instead of Feeling Driven Design. This promotes mutual understanding 

through comparison with others, position, and recognition of differences.  

Conclusion  

This study has presented the result of a systematic literature review of the utilisation 

of quantitative behavioural data for design taken from IoT and wearable devices. The 

review identified 57 pieces of scientific literature in which data was used to identify 

behaviour in service. The behavioural data were used to reflect user behaviour and 

design service. The result clarified that using behavioural data by professional 

designers for design was predominant. At the same time, the result suggested limited 

behavioural data usage for co-design. Considering technological advancement in 

society and the increased extensive generation and use of behavioural data along 

with the increase of IoT and wearable devices in society, the utilisation of behavioural 

data more beneficially and ethically should attract more attention. Thus the potential 

of co-design should be addressed. Our literature review indicates that using 

behavioural data in the co-design process has a high potential of contributing to 

developing our service design community and thus should be promoted strategically 

and diligently. 
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