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Abstract. This contribution is part of a broader research project entitled Human 
Body Interaction Design (HBID) started at the Advanced Design Unit of the 
University of Bologna in 2021.  Consistently with the arguments addressed over 
the years, this recent part of the research investigates the theme of the 
relationship between body, data and environment while focusing on the user. 
Specifically, it explores the world of applications relating to the monitoring of 
body parameters through devices, i.e. the increasingly widespread 
phenomenon of the Quantified Self. The objective of the research is to 
understand the most effective ways of representing body parameter data 
through device applications, aiming at the final elaboration of an online tool that 
can serve as a support for designers in the future design of this type of data 
visualization.n Starting from an initial state-of-the-art and preliminary research 
phase, the research then focused on the collection and systemization of case 
studies and the elaboration of qualitative and quantitative tests The 
contribution summarizes the outputs of these firsts phase, highlighting the gaps 
recognized as priorities in this type of design project and providing some 
indications on how to approach some of the problems that emerged. erns.  

Keywords. Body/ Data visualization / Guidelines / Quantified self / User-centred 

1. Introduction 

Human body physiological parameter tracking processes have become essential 
components of multiple service design projects focused on quantified self-issues, 
becoming a relevant cultural phenomenon for contemporary society from 2010 
onwards.  
Parallel to this transformation in the understanding of one's own body, new forms of 
data visualization have gradually developed, whose primary objective is to make 
comprehensible the information that the various sensors collect in people's lives.  

 

The human parameters tracked are in various examples represented with respect to 
a unit of measurement expressed in time, which can be understood by comparison.  
Measured data are often characterized by small variations and only comprehensible 
over a very large time interval. The aim of this contribution is to analyze how, 
depending on which aspects of the body one wishes to represent, there are different 
forms of visualization best suited for communicating this information.  
The representation of the human body and its anatomy culminated in the Renaissance 
period in which the geometric construction of man by Leonardo da Vinci and Leon 
Battista Alberti defined the human form in its geometry and proportion.  
The evolution in technical iconography reached an analytical level with the anatomical 
sciences, with the superimposed and interactive tables of Andrea Vesalius' De humani 
corporis fabrica libri septem (1543) that constitute a cognitive form in which the 
human eye violates the sacredness of the body and completes the map of the body 
parts, bringing vision to a scientific level (Maldonado, 1994). A paradigm arrives when 
the body related to issues of ergonomics in the 20th century with the formal 
schematizations of Le Corbusier's Modulor (1948) and the anthropometric charts in 
Designing for People by Henry Dreyfuss (1955). These immobile representations 
visualize the human being in relation to a space but not its variations over time. With 
the advent of medical systems, the vision of the body has become three-dimensional 
(Maldonado, 1994, p. 83), moving and parametric thanks to software processing, 
finally integrating with the advent of personal tracking systems with the small screens 
of smartphones becoming usable content in real time to understand oneself. 
Starting to consider the relationship between human beings and interface with 
privileged attention to the artifacts that come into relationship with the body is a 
prerequisite for being able to start coding these new forms of project. Now the 
research question that we pose in this research focused on the needs to investigate 
the forms and ways to create visualizations of the immaterial parts and information 
of our body. To start thinking that the relationship between corporeality and data 
visualization opens a new project field needs an in-depth analysis of the state of the 
art that within this research project wanted to be analyzed through a permanent 
observatory already active in the field of human-body interaction since 2021 1 . 
The complexity of the human’s contemporary visual representation linked to the 
multitude of data generated by the wearable device becomes more and more 
important and it will have a primary role in body-machine interaction. 
 
 

 
1 The Human Body Observatory is a part of a more extensive project started in 2019 on the field 

of Design for the Human Body Interaction (https://adu.unibo.it/hbi). The data collected in the 
research was shared in 2021 at an international symposium in Bologna and opened to the 
public in the Observatory website at the end of 2021.  
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2. The research 

A series of studies show that in the relationships between wearables, data and people 
there are significant problems related to storytelling, engagement, literacy, the time 
factor - which determines the type of attention paid to the tools - and finally the space 
factor - the pixel space available to display the data and its limitations at the interface 
level. (Rooksby et al., 2014; Parnow, 2015; Rapp & Cena, 2016; Liçaj, 2018; Zannoni, 
2018; Dall'Osso, 2021)  
The research therefore aims to explore these relationships and communication limits 
in order to understand the most correct ways of visualizing body-related data.  
The first part of the research focused on defining the state of the art through the 
analysis of thirty applications between medical, sports and general monitoring (habits), 
the analysis of the type of monitoring – direct, documentary, diagnostic, reward 
collection and mono-data – (fig. 1) and finally the analysis of the types of 
representation.  

 
Fig. 1. The monitoring type analysis of examined apps divided by the different areas. 

Of each application, all trends on the types of parameters monitored, the types of 
graphs used and finally the types of color ranges used were extracted and put in 
system.  
 As a result of the first state-of-the-art phase, 30 specific cards for each App (fig. 2) 
and 8 specific cards for each parameter type (fig. 3) were produced.  
 

 

 
Fig. 2. Model sheet created for each app analyzing parameters and visualizations. 

 
Fig. 3. Model sheet created for each type of parameter which synthesized all the types in 

which it was represented inside the different apps. 
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The second part of the research aimed to test – quantitatively and qualitatively – the 
different types of representation of the different parameters. The usability tests ̀were 
conducted in two ways: online survey with 46 people and focus group with 10 
participants.    
In the online survey were submitted all the data visualizations analyzed in the state-
of-the-art phase, subdivided in 8 sections in relation to the type of parameter 
represented. Users were asked to identify what form of data visualization was 
clearest.  
The focus group has been tested one app in particular (Exist) among those previously 
studied to establish user gaps and bias. 
The analysis of the state-of-the-art revealed the usefulness of using an online tool for 
designers as an aid in the design of data visualization applied to the Quantified Self 
theme. To this end, the relational database HBI Observatory (Zannoni et al., 2022) was 
chosen as a tool for construction of the online platform.  

3. Discussion 

The research attempts to provide user-centered solutions for the design of Data 
Visualization that take into account the perceptual and cognitive contextual 
limitations of users and explore the dichotomies possible in the field of Data 
Visualization both in its approaches – e.g. purity/anesthetization – and in its structural 
characteristics – e.g. static/dynamic fruition – trying to understand how these can be 
related to the theme of the Quantified Self. (Bertin, 1968; Cairo, 2012; Bihanic, 2015; 
Tufte, 1990; Holmes, 1991) The final outputs of the research will be as follows and will 
then be made available to the design community:  
Design guidelines, which are a decision-making tool in the construction of body-
related Data Visualization, on the themes of: (i) user literacy; (ii) most suitable UX and 
UI depending on the type of media, data and graphics; (iii) how to include potential 
non-visual feedback in addition to visual ones; (iii) how to take bias into account when 
designing DataViz.  
Prototyping tools that then allow users to create free correlations between data.  
Coding new narrative forms for users depending on the medium, target audience, 
body data and literacy level.  
The research consists of four phases: preliminary research and testing, data 
systematization and analysis, construction of the platform that can be shared with the 
community, and development of the design guidelines. This contribution aims to show 
the outputs of the first phase, i.e. the preliminary research and testing, and part of the 
outputs of the second phase, systematization of the data and their initial analysis, 
from which three major trends emerged relating to the issues of multi-parameter data, 
temporality and a customizable UI-UX. 
 
 
 

 

3.1 Multi-parameter 
 
In the field of investigation described, there is a small percentage of graphs 
constructed on more than one type of data (fig. 4). The use of different parameters 
within the same graph is carried out in a few cases related and mainly to the 
monitoring of a specific activity: sleep or walking. In the first case the duration of sleep 
(time data), is related to: emotional self-evaluation data, blood saturation, heart rate. 
In the second case, the number of steps is compared with emotional self-evaluation 
data and calories burned. A third type of multi-parameter graphs is used to compare 
a real time data with a benchmark as a personal or interpersonal average (e.g. Zepp | 
Heart rate HR; Heart rate zones). 
The objectives of multi-parameter graphs are threefold: to provide a comprehensive 
reading of the complex dynamics of the human body (e.g. One Plus Health | Oxygen 
saturation SaO2; Sleep tracking); to provide the user with awareness of the cause-
effect relationship of certain activities on the body (e.g. Google Fit | Calories burned; 
Pedometer); and to provide immediate awareness of the amount of a body parameter 
in real time should it fall outside a given threshold or area. 
In the interfaces investigated in the research, multiple parameters are shown mainly 
through three modes: with multiple characterizations of the graph (e.g. in Exist | 
Mood index; Pedometer the size of the bars corresponds to the number of steps data 
while the color of the bars corresponds to the mood); with multiple graphs arranged 
parallel to a timeline (e.g. One Plus Health | Oxygen saturation SaO2; Sleep tracking); 
with alphanumeric information of a parameter inserted to the side of the main graph 
(e.g. Google Fit | Calories burned; Pedometer). 
The multi-parameter graphs analyzed relate data about the individual user's body to 
each other. The Flaredown application is an exception because in the same graph it 
shows the self-reported value of headache intensity and the average daily 
atmospheric pressure. 
Two specific lines of insight related to multi-parameter graphs thus emerge within the 
explored case studies. The first concerns the time variable as the normalizing value of 
the parameters, and the second concerns the ability of the graphs to be customized 
following the user's needs. 
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3.1 Multi-parameter 
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Fig. 4. Data visualization showing how many and which apps allow multi-parameter 
measurements. 

 
 
 
 
 
 
 

 

Fig. 5. Data Visualization showing the type of time ranges used by applications to collect and 
represent data for various types of parameters. 
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3.Ϯ dempŽralitǇ 
 
The time factor emerges as a key issue from the studies examined and the research in 
question, according to a double point of view: the time range of the data displayed in 
the various apps (fig. 5) and the amount of time the user spends reading and enjoying 
the information.  
As we can see from the graph, most of the apps use the Day-Week-Month triad to 
show the data of the various parameters to users, and the Instant data to a lesser 
extent. It is therefore incredible how parameters such as Oxygen saturation or Heart 
rate HR, where the value of the instantaneous data could be of vital importance, do 
not provide the possibility of an instantaneous consultation or therefore do not grant 
the possibility of assisting with direct signals or feedback if necessary. Indeed, as 
Rooksby (2014) and colleagues argue, data is meaningful in the context in which it is 
produced and can lose meaning when removed from that specific context. Having 
immediate feedback about the actions that people are performing based on location 
makes it possible for monitoring activities to be more effective. Indeed, Tufte (1990) 
argued that at the core of quantitative reasoning, the most important question is: in 
relation to what? 
As regards the issue of time at the communication/understanding level, immediacy is 
recognized as a fundamental value by users to the extent that it makes even the user 
incapable of understanding and reading the data, with negative implications in this 
case for involvement and interest in data and application. (Rapp & Cena, 2016)  
The hunger for information, fast, without too much interaction and immediate is a 
result of the way we are now used to interacting with technology in general, but 
especially wearables or smartphones. Our minds are increasingly burdened by 
information overload (Gazzaley & Rosen, 2017), our attention threshold has declined 
sharply but we are increasingly capable of multitasking actions (Gausby, 2015) and 
passivity is therefore a key element in achieving high engagement thresholds (Liçaj, 
2018). 
 
3.3 �uƐtŽmiǌatiŽŶ 
 
The customization issue arises transversally to the topic of multi-parameter and 
temporality.  
According to the app analysis, there are four maximum possible levels of 
customization: (i) filtering from the home data that one does not wish to view (Zeep, 
Zepp Life, Huawei Health, Google Fit, Mi Fit, One Plus Health); (ii) changing the type 
of graph (Daylo only); (iii) customizing the color scale of the graphs (Daylo, Loop Habit 
Tracker, Reflecty, Pexels and Everyday); (iiii) filtering and customizing the UX by 
correlating or omitting data from the various parameters (Daylo, Vos, Sleep as 
Android).  
Only 1/3 of the analyzed applications thus allow for minimal personalization of the 
experience by customizing it according to the user's wishes or needs. But this level of 
customization of the UX was found to be too low. The usability tests carried out in this 

 

research confirm how some testers attempted to select graphical elements expecting 
an interaction that would lead to an in-depth study of the data, thus demonstrating a 
desire for personal exploration. Often, these unsuccessful attempts at interaction are 
due not only to the free intention of the user, but also to the graphics themselves, 
which seem to invite actions that in truth have no feedback. See for instance the 
graphs Google Fit | Heart rate HR and Exist | Mood index; Pedometer (fig. 6). In the 
first case, it appears that the daily data is compared with an average - red area - but 
this is purely a deduction, there are no certain indications, and the area cannot be 
interacted with in any way. Even in the second case, the graph is unclear, especially 
since it should tell two types of parameters - pedometer and mood index - and what 
one wonders is where the mood index data is and how it relates to the pedometer. 

 

Fig. 6. Case studies showing different issues related to data representation and the UX and UI 
of Apps. 

4. Conclusions 

Communicating a specific parameter to the user by a graph necessarily follows a 
consideration of the medium on which the graph is displayed. In particular, two 
aspects are brought to attention here: the size of the digital medium, the activities 
allowed by the device while the user acquires the information. Indeed, it becomes 
evident how a limited size of the display reduces the possibilities of giving complex 
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information. The small size also imposes a limited use of typography to support the 
information. The size can be partially compensated for with a UI based on sequential 
screens, however, which makes the overall reading less effective. The use of a device 
and its associated features is effective when it responds, in addition to the functions 
for which it was designed, to the contexts in which it is immersed. It is therefore 
necessary to highlight the difficulty that many wearables have found in staying within 
the uses of users after the first months of use (Zannoni, 2018). From the point of view 
of the information available on the devices, it is appropriate to identify multi-device 
user experiences that can manifest real time information directly on the body while 
the more in-depth and reflective ones (Bagnara & Pozzi, 2014) on more generous 
displays and interactive possibilities.  

 
Second, from the analysis performed, an opportunity was identified to investigate 
design solutions that investigate the use of multi-sensoriality in data transduction. 
Multi-sensoriality is understood as the design of haptic or acoustic feedbacks that add 
to the prevailing visual information. 
The potential of haptic (Zeagler, 2017) and acoustic (Chernyshov et al., 2016) 
feedbacks in the design of wearable devices have been partly already explored in both 
scientific research and commercially available solutions. The use of these feedbacks is 
due to the need to integrate information-abstracted individually or continuously-with 
the main activities the body is performing in which the sense of sight is most involved. 
Less evident in the research is the use of information acting synergistically on multiple 
sensory channels during the reading and comprehension phases of data visualization. 
In particular, such feedbacks are hypothesized to find effective application in 
communicating a parameter in continuity as the user navigates between multiple data 
visualizations; in addition, the same could be used as a tool for emphasis on single 
parameters communicated synchronously across two different sensory channels. 
Finally, is the strong need to build experiences as customizable as possible that 
consider the user's level of literacy. Indeed, it has been seen that there are big 
differences between a naïve and an expert user (Rapp & Cena, 2016). The non-
customizable experience in fact does not consider the differences of the various types 
of users, creating discrimination towards entry-level users, so to speak, or over-
simplification towards the more experienced and demanding users.  
On the other hand, one cannot expect people to be rational data scientists. (Rooksby 
et al., 2014) Data visualization literacy and the development of critical and 
inspectional skills must be built step by step in a progressive educational path as the 
learning process of writing or reading. 

5. Next steps of research 

The future goals of the research will focus on finalizing the last phases, i.e. finishing 
the data collection and analysis of the apps related to the Quantified Self by also 
integrating applications such as monitoring menstrual cycles. Furthermore, to 

 

continue with the analysis phase by focusing on further gaps detected by the second 
collection phase. In the last phase, the project will focus on making the platform an 
increasingly useful aid in terms of designing Data Visualization for the Quantified Self 
by improving the consultation experience in the first place.  
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four main areas of interest: 

_informative-animation;  
_interactive data visualization; 
_info-graphics;  
_informative environments.

All contributions where reviewed and selected through a blind peer-
review process by the Conference’s Scientific Committee.
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This volume showcases the contributions presented during the last 
edition of the 2CO International Design Conference in Alghero 
(8-9.9.2022), in the two conference tracks Full Paper and Junior 
Track, the sub-topics infographics, informative animation, 
interactive data visualization and informative environments.

Following a double-blind selection process based on submissions 
in the form of long abstracts, the contribution’s authors presented 
their papers at the Conference and, after a further selection step by 
the conference’s Scientific Committee, were invited to submit the 
final contributions that you will find in this volume.

COmmunicating COmplexity is the international Conference 
aimed at exploring languages, approaches and technologies to 
respond to the emerging need for making complex information
accessible through design.


