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Abstract. The production of data about design is important to create new 
knowledge about the discipline and support the development of better public pol-
icies. In Portugal, the DesignOBS project is developing these tasks, gathering 
information about the ecosystem. Databases are very important instruments to 
understand the discipline to systematically innovate. In this paper, we want to go 
further and address its literacy. Starting from the assumption that design is an 
activity of cultural mediation, its role in data interpretation could promote more 
participatory discussions about the discipline, and ultimately enrich the ecosys-
tem; but data literacy in design is still at its infancy. To address this challenge, 
the present paper describes a hands-on approach to infuse data literacy in an ed-
ucational design context, to support novice designers navigating a database about 
design companies. The study adopts a longitudinal case study approach and fol-
lows fifteen students from a design master course during the period of one se-
mester. This research is an additional step for the maturation of the process to 
develop a design observatory in Portugal. It resulted in a set of data-focused in-
fographics about design companies, richer datasets and levered the transfor-
mation of the student’s perception of their potential role in the context of data. 
This study contributes to ongoing discussions at the intersection of data literacy 
and design, still in an early stage. Moreover, it advances design research by re-
flecting on the value of adopting designerly approaches to create new materials, 
diffuse information about the design ecosystem and promote more participatory 
reflections about the discipline. 

Keywords: Design education, design companies, data literacy, information de-
sign, participatory approach. 

1 Introduction 

As design is gaining traction globally, different approaches were developed to collect 
and map data about the design ecosystem [1]. Research from leading design centers, 



2 

such as the Design Council [2], the Danish Design Center [3] and more recently, the 
Barcelona Design Center [4] have developed a set of measures aimed at stimulating the 
growth of the discipline. In Portugal however, the lack of interface between the Portu-
guese national design ecosystem with the socio-economic and cultural fabric has jeop-
ardized the promotion, visibility and thus representation of the discipline in the country 
[5] with few companies understanding the value of design at the strategic level [6]. 

To address this issue, the DesignOBS project (Towards a design Observatory in 
Portugal) was created to extract, systematize, interpret, and map information about de-
sign in the country. Based on existing European models such as “design ecosystem 
model” [7] we collected data regarding design offer, design demand and contextual 
design conditions (e.g. existing design policies, design schools, students, graduates, ex-
isting design companies). The first stage of the research process included a participatory 
approach with 34 national design schools, scattered around Portugal to support data 
collection and curation [8]. However, the activities developed so far can fall short if 
data owners and beneficiaries (design stakeholders) are not a part of the interpretation 
process. If data is a currency of power that can be used to support decisions of public 
importance [9], designers should be able to take a more active role in its analysis, in-
terpretation and communication, especially when data is focused on the design disci-
pline per se.  

2 Background 

According to Kapoor et al. [10], systems of innovation are based on an iterative loop 
between systems of records (collection, aggregation, cleaning, and filtering data repos-
itories), systems of insights (analytic tools, algorithms, services) and systems of en-
gagement (social and collaborative capabilities with user centered design that supports 
all the interactions in the ecosystem). Multiple projects have applied this conceptual-
ization of innovation mostly to design new products and services in both public or pri-
vate sectors, empowering citizens to use their own data and improving their quality of 
life e.g.[10], [11]. The DesignOBS project has been moving in this direction, creating 
processes that can leverage the participation of stakeholders in the different stages of 
the design research process [5]. For instance, based on a PhD citation analysis of design 
doctorates undertaken in Portugal  the team identified very scattered to almost no con-
nections between PhD theses [12]. One of the recommendations focused on improving 
the communicability of research doctorates via the implementation of a keyword sys-
tem; and encouraging researchers to have clearer contributions for the design area ei-
ther, by criticizing, building on, or disrupting existing results [12]. In this case, although 
the system of records (dataset with PhD citations) was developed with a participatory 
approach involving design schools, its interpretation was limited to a handful of re-
searchers only. We argue that improvements can be two folded in this situation: on the 
one hand, many other interpretations and recommendations can be developed, via mul-
tiple combinations of the elements which constitute each database of the design eco-
system; on the other hand, bringing additional eyes, points of view and experiences can 
enrich the interpretative layers of the design landscape, providing more opportunities 
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to improve/innovate the discipline. However, the process to make this happen still re-
quires further research, especially because designers still do not see data as a design 
material [13]. 

 
2.1  Data literacy in design 

Data literacy includes the ability to read, work with, analyze and argue with data as part 
of a broader process of inquiry into the world [9]. An increasing number of workshops 
introducing tools and practices are currently being developed to support the use of data 
for social change (for ex. see [9]) and create new product/service solutions [11], reach-
ing publics beyond data experts.  

In the design context, the Density Design lab approach, from the Polytechnic of 
Milan, has been working since 2004 on a program, with methods and tools, to explore 
data as material, create infographics, and new communication experiences[13], [14]. 
They developed a 6-months studio based learning program, exploring different topics 
focused on societal challenges (e.g. environment, migration, radicalization), involving 
experts and teachers throughout the process. This approach provides valuable lessons 
and guidelines to develop this type of activity. However, the learning process and ap-
proach is mostly focused on students with a strong graphic/communication design 
background, which may not suit students that have other valences.  

Another study developed by De Götzen et al. [15] explores the role of data literacy 
in service design education with novice designers that do not have prior experience with 
data or specific knowledge about communication design. It aims to investigate how 
designers should be equipped to make sense of data to develop better service concepts. 
Although the study discusses the challenges faced by students, it does not bring forward 
the benefits of adopting designerly tools/methods in data interpretation. 

These approaches are specific to empower designers with access to data, supporting 
them in their journey to acquire data skills that can be later applied in the co-creation 
of new product/service solutions [14] or materialize information that helps the general 
public to navigate for instance, through controversial social issues [16]. However, this 
ability has yet to be applied to interpret and communicate insights about the design 
discipline per se. Often, studies about design use methods/techniques from other disci-
plines such as social and/or economical sciences [17]. We argue that using additional 
methods/tools that are closer to the demands design practice, could enrich the research 
process by bringing forward new ways-of-seeing data, promote a more widespread dif-
fusion of information about the discipline, and leverage participatory discussions. 

Research gap 

Starting from the assumption that design is an activity of cultural mediation that results 
in the shaping of artefacts, devices and services [18], designers should have a more 
participatory role in the data mapping landscape, providing complementary interpreta-
tions/representations that could promote participatory discussion about the discipline; 
and ultimately, enrich the design ecosystem by taking guided actions. However, the 



4 

process to make this happen is still at its infancy, especially because designers still see 
data as something far from their practice [13].  

In this context, the present study aims to explore how infusing data literacy in design 
contexts can support the promotion of more participatory discussions about the ecosys-
tem. Based on the extensive experience of two information designers and teachers, a 
learning-by-doing information design course was developed and ran for the period of 
one semester with students based in Portugal undertaking the design master course of 
Universidade de Aveiro. The training was composed of three main parts: data aware-
ness and preparation; data exploration and tinkering; and information representation. 
All these parts comprised different exercises connecting information with visualization 
and interpretation. The study uses the specific case of design companies in Portugal, a 
key vector of the design ecosystem [7] and constitutes an additional step for the matu-
ration of a participatory observation and interpretation process for a design observatory 
in Portugal [5]. 

3 Methodology 

To address the research questions mentioned above, this study adopts a longitudinal 
multiple case study approach focused on information design projects as a setting in 
which to observe the changes related to the student’s awareness of data and technical 
capacity; results/materials produced, and the challenges faced. First, our study is ex-
ploratory and deals with current phenomena in a specific context, seeking an in-depth 
understanding of how and why questions, meaning that a multiple case study was a 
suitable methodological approach [19]. Second, the research design enabled us to ex-
plore the changes before, during and after the projects. The longitudinal approach al-
lowed us to observe the changes in the process and materials produced; and study the 
level of data literacy embeddedness in all the students. The data for this study was col-
lected in three stages (pre project preparation, during the project, after the project) dur-
ing the span of one semester (5 months) so that the changes could be examined as they 
evolved. Multiple points of data collection increased robustness, while different types 
of data enabled triangulation [19]. Finally, 15 students of the design master of Aveiro 
University, undertaking the “representation of knowledge” course provided a rich con-
text since all had different backgrounds related to arts and design, with no prior expe-
rience in data representation. 

3.1 Approach 

The course of Representation and Knowledge is part of the design master at Univer-
sidade de Aveiro, Portugal. The course usually occurs as a two-week intensive work-
shop plus a second phase of graphic representation process. However, this year’s edi-
tion was fully taught online because of the pandemic context. This raised additional 
challenges for both teachers and students. To reach the goals of the course, the classes 
were distributed along the period of one semester (October 2020 to February 2021), 
with one class per week and in-between meetings with students. 
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Fifteen students from the first semester of the master participated in the course, 
working individually and in work groups of three people for the mid- and final projects. 
The course ran for 15 weeks and was designed as a hands-on learning activity to raise 
awareness about data, provide support and knowledge about interpretation skills and 
representation tools to students. It followed multiple stages of learning and interacting 
with different types of data (i.e. textual, numeric, visual). The learning process com-
prised three main stages with multiple activities (A): 
Awareness and preparation 
A1: Students were invited to read, interpret, select and represent a one-page-only visu-
alization based on the content of hand-picked articles/news about information design. 
This weekly assignment was presented and discussed at the beginning of each session 
with colleagues and teachers, emphasizing the characteristics of the visualizations cre-
ated (i.e. information selection and display, colors, elements etc.); 
A2: Presentation of the main objective of the project, focused on exploring, tinkering 
and representing a database about design companies in Portugal. All the different ele-
ments (e.g. turnover, profits) of the database were explained and explored in online 
classes and tutorials;   
A3: Presentation and training about two softwares to operate and represent the data: 
Microsoft Excel/Google Sheets, RaWgraph (online and open-source visualization pro-
gram). AdobeSuite (namely illustrator, indesign and photoshop) was also used by the 
students who already had previous knowledge. 
Data exploration and tinkering 
A4: At each session, several features of the softwares were introduced and trained with 
students in tutorial sessions. The students developed new questions about the database 
(e.g. which district exports the most), and found ways of answering their own questions 
(e.g. creating new formulas, applying filters, tinkering data), presenting and discussing 
their thought process with colleagues. They added a new question each week; 
A5: The database was tinkered and additional categories of data were also suggested 
by the students. They actively engaged in adding more information to support different 
types of analysis;   
A6: a mid-semester presentation was undertaken, where students, already composed by 
groups of three people, had to develop a presentation with visualizations for the set of 
questions they had selected; 
Data as material and representation 
A7: a final poster, connecting all the previous stages (i.e. dataset, tools, questions) were 
transformed into a unique infographic image aimed to convey a message about design 
companies in Portugal. 

3.2 Data 

The dataset about design companies operating in Portugal was collected from SABI, 
Bureau Van Djik, a Moody’s analytics company, with information coverage on over 
800.000 Portuguese companies. The data selection process focused on companies with 
“design activity” (code 74.10), and updated information in the year 2018. The name of 
the company, brand, location (address, county, districts and NutsII), website (when 
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available), phone number (when available), turnover (€), profit margin (%), number of 
employees, costs with employees, operating results, operational profits, and legal form 
was collected into a single excel file with 1.287 lines of information. Because of the 
socio-geographical characteristics of the country, the data was partially curated and 
tinkered with another layer of interpretation distinguishing between companies that are 
located in the coast, inland or islands, prior to providing the database to the students.  

3.3 Sample 

This study used targeted sampling based on specific case selection criteria in the 
interest of ensuring consistency, while providing a rich context for data collection [19]. 
First, selection criteria included students in the first year of the design master. The stu-
dents have multiple backgrounds from design and arts fields, including industrial/prod-
uct design, multimedia, arts, technologies, communication, and education. Two stu-
dents had some experience with infographics in a previous course, half have never 
worked with spreadsheets, whilst some students already used Microsoft Excel to calcu-
late budgets for product parts, also for a course. None of the students used to work with 
datasets, which provided a rich context to explore our research questions. The students 
undertook both individual and group work during the period of the study.  

3.4 Data collection and analysis 

Student teams were observed during the period of one semester. Their weekly de-
briefs and project documentation were collected in the different stages of their work 
during the entire semester. Moreover, to evaluate the approach used, interviews with 
all the students were undertaken, video and audio recorded, transcribed and analyzed 
in Nvivo software, following the guidelines proposed by Charmaz [20] a process which 
involves qualitative data analysis through thematic coding. Each interview was orga-
nized by work groups, via zoom, and had an average duration of 20 minutes each.  The 
interviews followed a semi-structured guideline comprising eight main topics, namely 
academic background, previous experience and knowledge; interest and knowledge 
about design companies in Portugal; challenges faced in the course; thought/reflection 
process to design the materials; main conclusions reached and opportunities for im-
provements; data literacy and personal transformation; feedback about the design ap-
proach used in the course. Initial codes emerged from the data, and then shared and 
discussed amongst the co-authors during joint sessions, for alignment. After these ses-
sions, the analysis was iterated to develop a more comprehensive understanding of the 
emerging themes and thematic descriptions.  

4 Results 

The longitudinal analysis enables an in-depth understanding of how the infusion of 
data literacy via a hands-on approach can transform the perspective of designers over 
their own roles in the data world. It also examines how the students found the course 
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valuable, prospecting the use of the knowledge acquired for future projects. Finally, it 
demonstrates how different interpretative artifacts can enrich the landscape, adding or 
providing alternative ways-of-seeing data. This section follows the process described 
in the methodology section. 

4.1 Awareness and preparation - muddling through 

The initial stage of the design process included multiple challenges regarding intro-
duction of the database and its content; acquiring skills with the analytical and visual 
tools; and implementing an iterative process of questioning and representation.  

First, students experienced uncertainty regarding the type of data available. Many 
did not know any of the concepts in the database: turnover, exports and profits were 
concepts characterized as belonging to the management/economic field. Despite con-
taining information about design companies, students found that the information was 
difficult to relate to, at the initial stage. Moreover, the database was described as “very 
dense” and “complex”. Second, the tools and instruments provided (i.e. excel and raw 
graph) required a hands-on and demanding learning curve, which took several weeks 
to assimilate. Many students did not know how to create new formulas to obtain addi-
tional categories based on the already existing information available (ex. classify the 
size of the company based on EU standards: micro, small, big company). This task was 
undertaken during the class together with the teachers. Third, creating, selecting and 
answering relevant questions and elaborate strategic paths to get the answers was also 
very challenging for the students. Many found the information available based on quan-
titative data to be insufficient or restrictive in terms of creative thinking and output. 
Fourth, selecting and elaborating on relevant questions, and connecting those questions 
to visually appealing and understandable metaphors required many iterations that were 
sometimes difficult to make mainly due to the context within which the discipline was 
developed (fully online). Many emails, and short online meetings were undertaken with 
the teachers and team members, but this was characterized as “quite limitative”.  

To address the challenges above mentioned, one unique physical class was promptly 
organized with all the students, where all their questions were answered together with 
the development of practical exercises. The “click” - as one student mentioned - oc-
curred “when we managed to make shapes out of all those numbers, and after having 
those shapes, we managed to transform into other things even more interesting”. They 
also stated that “at that point, we needed a lot of motivation, the fact that we could come 
up with additional interesting questions was already quite good”. 

4.2 Exploration and tinkering - taking the leap 

Results show that students were able to densify the data and critically analyze it, 
interplaying between analytical and visual tools (excel and RAW graph). They added 
additional layers of information such as the design area of the company (e.g. industrial 
design, communication/graphic design, fashion design etc.), verifying if they had a 
website or any online presence, and if they could list the outputs developed by the com-
panies. This tinkering exercise, together with the iterative question-representation loop 
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enabled students to find missing information or incoherent patterns in the dataset. For 
example, one student mentioned that “fashion design is not well represented here (...) 
Portugal has many successful companies operating in this area, but their online pres-
ence is poor, thus it seems that there are only just a few”. 

Initial questions focused on identifying companies with “most exports”, “most em-
ployees” or “most turnover” slowly matured to “regions with most design companies”, 
“companies that invest the most in their employees” or “key design sectors in Portugal 
according to the region”. As the design process moved forward, their capacity to de-
velop new sets of more sophisticated questions opened new doors of interpretation.  

Additionally, the criteria for selecting data were identified by students as a “critical 
design factor”, influencing the message and output. Specifically, three groups decided 
to represent companies with online presence and whose design area was identifiable on 
their website; two groups focused on companies with exports, eliminating from the 
analysis the others that did not; and another focused on companies within a specific 
geographical location only (i.e. Northen region). Having to make these choices was key 
to demonstrate how data selection and interpretation were deeply connected and bring 
awareness on representation biases: the choice of data, color, form, and shape are the 
result of a set of multiple choices made by the mediator of the message - that can distort 
or only partially represent a reality. Some students were insecure about the type of syn-
tax, metaphor, or abstraction they should use to communicate an argument graphically: 
“we tried to add more and more questions to the graphical mix (...) however, it started 
to feel like… just something loaded with information that would hinder the reading; so, 
we had to choose the right equilibrium between question and answer”.  

4.3 Materials and representation - using design as mediator 

The students managed to densify the database and demonstrated critical capacity to 
curate the data, transforming it into visual elements. The application of the hands-on 
and iterative approach resulted in two materials, namely, a database with additional 
layers of information and five posters, with multiple metaphors and messages that rep-
resent parts of the design companies’ landscape in Portugal: 

“Fish Design” (fig.1) features fishes of different sizes and shapes that allude to the 
constitution of the Portuguese design industry: a marine ecosystem where most com-
panies are micro-sized (sardines). The “Panorama of design in Portugal” (fig.2) uses 
containers as metaphor to the percentages of exports by design sector, and the garbage 
in the ocean as losses suffered by these companies. “Export on wheels” (fig.3) uses the 
geographical disposition of the territory to represent exports by region, highlighting the 
importance of large urban centers for the area. “Design lemonade” (fig.4) uses the anal-
ogy of a Portuguese riddle to demonstrate that companies with good turnover do not 
necessarily generate more profits. Finally, "Conquering design" (fig.5) emphasizes the 
existence of "Trojan horses" in the arena – companies with design activities code 
(74.10) but whose products and services do not fit into this activity (ex. repro-
graphic/printing companies). 
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Fig. 1. “Design Panorama in Portugal” 

 

 
Fig. 2. “Design Panorama in Portugal” 

 

 
Fig. 3. “Design: exports on wheels” 

 

 
Fig. 3. “Design Lemonade” 

 

 
Fig. 5. “To the conquest of design” 
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All students tested their visualizations, showing the evolution of their infographics 

to colleagues. By the end of the course, some were still not very satisfied with the se-
lected metaphors and abstractions mentioning that “some parts have failed because 
readers were not able to interpret certain elements in the overall infographic”. They 
mentioned that some had too much detail, did not have a guided reading narrative, or 
were just too specific, temporally and/or culturally bound. For instance, having a “tro-
jan horse” from the Greek mythology in the design companies’ arena (fig.5) can mean 
more to Europeans than other publics (“a poisoned present”); or using all-male soldiers 
(same figure) representing “employees” can also “freeze” a distorted view of the work-
ing people’s gender of that specific year (2018) in the design industry. In the fish eco-
system, the eye color of the fish also added more information that was not perceptible 
for viewers. All these considerations were the object of discussion and much reflection 
in all the teams. 

5 Discussion 

Despite the initial barriers and challenges, students managed to change their perspec-
tive not only regarding data, seeing it as something useful and key in their practice, but 
also regarding their own roles as designers when dealing with data. The iterative pro-
cess and familiarity with the database and the tools were important to raise self-esteem 
and critical capacity in reading the material provided about design companies and to 
develop new questions about the information present in their everyday lives. For exam-
ple, one student mentioned that she started to pay more attention to infographics around 
her: TV, newspapers, internet and felt more prepared to understand the numbers, how 
they were presented and why. She mentioned the specific example of the “COVID 
quadrant” - an everyday graph displayed in Portuguese television to alert about the level 
of infection in the country - stating that “the information could have been curated in a 
thousand different better ways than how it is now”. Other students were curious about 
some companies presenting extremely high turnovers: whilst some choose to eliminate 
those from the analysis since they would “greatly distort the overall map of existing 
companies” others mentioned that “it would be interesting to understand who these gi-
ants are”, providing clues for future inquiry. Additionally, students were aware of the 
remaining potential of the data they have available, understanding its importance for 
their own future, after graduation: “that database still has a lot to uncover (...) I can use 
it in future work, or even to make decisions about the design area I will choose”. An-
other student mentioned that “we are designers but have no clear picture about the over-
all status quo of our area (...) this was important to acquire this capacity”. Students 
ended the course feeling more engaged, capable of dealing with data and understanding 
how important their role can be in communicating insights, not only about their own 
ecosystem, but in other areas as well. “Design is very important in data representation 
(...) it is a tool through which we can present huge amounts of information in a clean, 
intuitive way, that is appealing for other individuals which otherwise, wouldn’t know 
about that reality”. The databases as well as the infographics are available in 
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www.designobs.pt, open to inspire other students and stakeholders, experimenting new 
“designerly” ways of communicating data about the vectors of the design ecosystem, 
and lever discussion about the discipline. 

6 Conclusions 

This study is an additional step in the maturation of a participatory and distributed 
observation and interpretation process for a design observatory in Portugal. Open data-
bases containing information about the design ecosystem are not sufficient per se to 
innovate the discipline systematically. Despite its potential, data literacy in design is 
still at its infancy [13]. This study presents a longitudinal case study about the applica-
tion of a one-semester long design approach to support novice design students with 
diverse backgrounds to interpret and graphically represent data about the Portuguese 
design companies - a key vector of the design ecosystem [7]. In particular, the approach 
contributed to transforming students’ position regarding data; creating richer datasets 
and new visual materials about the topic at hand which can be read, discussed, and 
criticized by the general public and design stakeholders, promoting participatory dis-
cussions that may advance the discipline. This longitudinal case study describes an ap-
proach that can be replicated in other settings. 

This research also has some limitations that indicate directions for future research. 
The study was developed with a limited number of students and within a specific set-
ting, focused on information design. Thus, it is hard to evaluate based solely on the 
results if the materials obtained can indeed leverage the emergence of new questions 
and research directions for the discipline. Future research could replicate the applica-
tion of this approach to improve its robustness and explore other vectors of the design 
ecosystem, while also showcasing the emergent materials to other publics. Also, addi-
tional studies could focus on how to adapt the approach to generate other types of arti-
facts, that go beyond static infographics (ex. creating products based on data), develop-
ing various mediating artefacts, based on data, that can contribute to promote the disci-
pline. The used of augmented reality is an example of such exploratory application [21].  
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