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RESUMO 
 
Os cientistas recorrem a diversos meios, com o objetivo de garantir os padrões mais elevados 
das suas investigações. Mas, na maioria das situações, fracassam no desempenho de 
comunicar os seus resultados. Estudos indicam um aumento exponencial do número de 
publicações científicas nas últimas décadas. Vivemos numa sociedade cada vez mais 
dominada pela partilha nas redes sociais e pelo rápido fluxo de informação. O desafio parece 
ser beneficiar de tal quantidade de informação sem perder o rumo.  
Os graphical abstracts resumem, numa imagem, o conteúdo de um artigo científico. Estes 
artefactos de comunicação visual devem transmitir fatos, ideias e relações, de forma mais 
rápida e clara, relativamente à linguagem verbal. Alguns dos principais grupos de revistas 
científicas definiram as diretivas fundamentais para a execução de graphical abstracts, 
permitindo, ou até exigindo, que tais artefactos visuais sejam incorporados nas publicações.  
 
Com este trabalho pretende-se conhecer o impacto de adesão dos investigadores às 
recomendações supracitadas. Para tal efetuou-se uma análise quantitativa e qualitativa dos 
graphical abstracts presentes nas publicações do maior instituto de investigação biomédica 
de Portugal – i3S, no período compreendido entre 2016 e 2018.  
 
Foram analisados 994 artigos científicos, tendo-se observado que 19% das publicações 
contêm graphical abstracts enquanto que 26% negligência a sua utilização. Relativamente 
aos princípios de design gráfico, é frequente encontrar-se uma utilização errada da cor, bem 
como erros básicos a nível da disposição no espaço dos elementos constituintes da 
composição gráfica. Curiosamente, observou-se que que artigos que usam graphical 
abstracts têm maior impacto em termos de citações e leitores mas não em termos de tweets. 
 
Conclui-se que o uso dos graphical abstracts fica aquém do seu potencial máximo enquanto 
ferramenta inclusiva e eficaz de comunicação entre cientistas. Neste contexto, propõe-se aqui 
um modelo de normas gráficas, a aplicar aos graphical abstracts, tornando a sua construção 
mais eficaz, assim como a sua interpretação. 
 
Palavras-chave: graphical abstract, disseminação científica, altmetrics, design, impacto 
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ABSTRACT  
 
Scientists spend huge efforts ensuring the highest standards of their research but fail in efforts 
to spread their achievements. They face time and effort constraints as they have to accomplish 
a myriad of tasks in their daily routines. If researchers on different disciplines have trouble 
communicating with each other around a specific topic of mutual interest, then cross-field 
collaborations will be problematic. 
 
Infographics recur to images and schemes to present information in engaging ways. Graphical 
Abstracts (GAs) are a specific type of infographics that summarize in one image what a 
research paper is about. Such visual communication tools convey facts, ideas and 
relationships more clearly and faster than written language. 
 
A total of 994 scientific articles were analyzed, and 19% of the publications contain GAs while 
26% neglected their use. With regard to graphic design principles, misuse of color is often 
encountered, as well as basic errors in space arrangement of the constituent elements of 
graphic composition. Interestingly, it was observed that articles that use GAs have highest 
impact in terms of citations and readers but not in terms of tweets. 
 
It is concluded that the use of GAs falls short of their maximum potential as an inclusive and 
effective tool for communication between scientists. In this context, it is proposed here a model 
of graphic norms, to be applied to GAs, making their construction more efficient, as well as 
their interpretation. 
 
Keywords: graphical abstract, science dissemination, altmetrics, design, impact 
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RESEARCH QUESTION 
 
The Institute for Research and Innovation in Health of University of Porto (i3S) is the biggest 
biomedical research institute in Portugal and a renown European institute. Although recently 
settled (officially in 2016), it publishes circa 400 papers per year (and growing), in 3 main 
distinct research avenues (cancer, neurosciences and host-interactions), encompassing more 
than 1200 collaborators. I am one of them.  
 
In an era of social media sharing and where funding entities and policies are trying to make 
science “open”, i3S appeared as an excellent case study to address the current days’ issue 
of Responsible Research and Innovation (RRI), particularly concerning science dissemination 
and impact. The extent of Graphical Abstracts usage in research papers published by i3S, 
and the perception of their impact as a communication tool for scientists, is not known. 
Conclusions from this research might be extrapolated to other scientific contexts and help to 
drive awareness and to redefine strategies for effective science communication. 

 

OUTLINE AND AIMS  
 
The literature review (Part II) sets the theoretical reasoning for the understanding of how 
effective visual science communication works. Chapter 1 addresses the physiological and 
psychological basis of visual perception and explains in more detail the concepts and terms 
scaffolding the proposed framework for analysis. Chapter 2 and 3, provide an historical 
overview of communication design and science dissemination, respectively, exposing multiple 
points where these two areas intersect each other: the Graphical Abstract (GA) is definitely 
one of them. 
 
The state of the art (Part III) explores general and particular rules for the construction of GAs 
as proposed by multiple stakeholders: publishing groups, scientific researchers and 
specialized scientific designers.  
 
Having set the theoretical ground and the practical examples, Part IV launches the project by 
presenting the framework for GA analysis as well as the methodology of research. Under the 
scope of this project, circa 1000 research papers were analysed, the existing GAs were 
categorized, and some were selected to be redesigned.  The impact of papers with and without 
GA was investigated. Finally, discussion and final conclusions are presented, as well future 
recommendations. 
 
Generally, the scope of this thesis is to address the use of graphic design tools and principles 
to effectively communicate science within the community of biomedical researchers. More 
specifically, this research project aims at: 
 

• establish a framework for the construction and analysis of GAs 
• quantitative and qualitative evaluate all GAs published by i3S 
• redesign some i3S’s GAs accordingly to the defined framework 
• assess the impact of GAs as a science communication tool among peers  
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Chapter 1 – Visual Perception 

1.1 Perception theory 

Perception is always a subjective process; it is a deformation of the reality, where part of the 
existing world is retained whereas the rest is discarded (Costa, 2011). The eyes detect visual 
stimuli, but it is in the brain that information is perceive, making sense of it; therefore 
perception has a physiological and a psychological basis (Fox, 2011). 

Light, either emitted by objects or reflected on their surfaces, enters the human eye through 
an opening in the iris - the pupil. By focusing on objects, the emitted or reflected light shines 
on a small area on the retina at the rear of the eye - the fovea. The retina consists of millions 
of light receptors, subdivided into two basic types, rods and cones. They translate detect light 
signals into electrochemical signals, passing them through the optic nerve, to the brain where 
they are then processed. The rods and cones that populate the retina are tuned to respond to 
a limited set of visual attributes. This is why, for instance, a moving entity attracts attention 
more than a static one, since movement may suggest an approaching threat, even if we are 
not aware of the reason why (Fox, 2011; Ware, 2004).  

Perception of such basic attributes is called "pre-attentive" processing, in contrast to the 
"attentive" and conscious part of perception. Pre-attentive processing is extremely fast and 
wide so that a large number of basic visual traits is simultaneously perceive, as demonstrated 
in the examples of Fig.1. Whereas pre-attentive perception is done in parallel (in a range of 
200-250ms), attentive processing is done serially and is, therefore, much slower (Ware, 2004).  

 

Fig. 1 – Visual attributes triggering the pre-attentive processing. The different elements within each example 
are recognizable by this process, except in the case of juncture and parallelism (Ware, 2004). 
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1.2 Gestalt principles  

Donis Dondis systematically defined the basic elements of visual communication: dot, line, 
shape, direction, value, hue, saturation, texture, scale, dimension and motion (Dondis, 1973). 
Just as the basic components of written language (letters, words, spelling, grammar, syntax) 
allow an endless number of possibilities for the verbal expression, the same applies to the 
elements and principles of visual expression.  

In 1920, the researchers Max Wertheimer, Wolfgang Kohler, and Kurt Koffka concluded that 
the human brain tends to organize visual elements into groups, thus setting the basis for 
Gestalt principles of visual perception (Fig. 2). They highlighted that “the whole is other than 
the sum of the parts” and explored concepts such as: 

• Proximity: objects tend to be grouped together if they are close to each other  
• Similarity: elements tend to be grouped together if they are similar 
• Figure-ground: some objects (figure) seem prominent, and other aspects recede into 

the background (ground)  
• Continuity: when there is an intersection between 2 or more objects, the tendency is 

to perceive it as a single uninterrupted object 
• Closure: items are grouped together if they tend to complete some entity  
• Connectedness, Symmetry: items will be organized into simple figures according to 

symmetry, regularity, smoothness, and connectedness.  

 

 

Fig. 2 – Gestalt rules of visual perception. The way objects are perceived as a whole is influenced by the studied 
visual principles (Burkhard, 2005). 

 
Therefore, to effectively encode information, in a manner that can be perceived instantly and 
easily, one should visually encode data using pre-attentive attributes and Gestalt principles. 
Conversely, when disobeying the rules of information visualization, data will be 
incomprehensible or misleading (Ware, 2004). 
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1.3 In the context of this project 

One can control - position, color, size, shape, orientation – of individual graphic elements, 
to create – contrast, repetition, alignment, proximity – in the composition, in order to 
communicate – hierarchy, grouping, sequence – to the viewer.  

1.3.1 Composition 

Using a grid to aid layout, the content is anchored, hence creating a stable design. Achieving 
a good composition can be done by adjusting alignment so that visual clutter is reduce and 
attention will not be deviated from the important elements (Fig. 3a). 

By creating a clear hierarchy within the composition, the viewer is guided through the 
information to focus its attention in the relevant parts. In western countries, images start to be 
read from top to bottom, left to right. White space (empty space) can be used to imprint	
dominance of some elements over others (Fig. 3b). 

The placement of objects on space carries meaning. The “rule of thirds”, a simplified version 
of the golden section (a special mathematical relationship, aesthetically pleasant) divides 
space into nine equal parts. Elements placed along the lines and especially where the lines 
intersect (the so-called power points) become more visually prominent (Fig.3c). 

 

Fig. 3 – Concepts underlying composition. a) grid and layout; b) hierarchy, white space and reading order; c) 
power points. 

1.3.2 Color  

Color adds dimensionality and richness to communications. Every color is described by three 
properties: hue, saturation and lightness. Hue is the attribute used to classify a color (e.g. red 
or yellow). Saturation describes the neutrality of a color (a red object with little or no white is 
a saturated color). The lightness of a color informs about its relative ordering on the dark-to-
light scale (Fig. 4a).	 

In figures, color is normally used to differentiate information into classes. Color is well suited 
to represent categorical data. When used improperly, such as by assigning intense or weak 
colors to specific categories, color can bias the reader. Our perceptual system is highly 
sensitive to grayscale, and the lightness property makes it possible to differentiate colors (Fig. 
4b). 
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Fig. 4 – Concepts associated with color. a) color wheel evidencing different colors, lightness, hue and saturation; 
b) example of a good color pallet and the respective grayscale.  

1.3.3 Typography 

According to Lupton, typography aims “to help readers avoid reading”, it is the art and 
technique of arranging type in order to make language visible (Lupton, 2004). 

Letterforms are generally categorized as serif or sans serif (Fig.5a). Serif typefaces are 
thinner, more formal and easier to read in blocks of text with multiple lines because the ‘feet’ 
help our eyes follow the line. Sans serif typefaces have simpler letterforms, are informal and, 
less readable in long stretches, so are suitable for small amounts of text.  

A correct use of typography achieves a balance between text and all other elements on the 
composition. Adequate letterforms to be used in scientific context are Baskerville, Helvetica, 
Palatino and Times New Roman (Fig.5b). 

 

Fig. 5 – Nomenclature used in typography.  a) the anatomy of serif (Garamond) and sans serif (Univers) 
typefaces. b) common available fonts for scientific publications. 

1.3.4 Semiotic  

Semiotics is by definition the study of signs and symbols and their use or interpretation. There 
are 3 types of basic signs: icon, index and symbol. The icon uses shape, color, texture in order 
to create a direct connection between idea and image (Fig.6a). The index refers to a certain 
object but does not show it in a pictorial form (Fig.6b). The symbol is abstract, such as the 
alphabet is a group of symbols conceived to represent the sounds of language (Fig.6c) 
(Lupton, 2011).  
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Fig. 6 – The 3 representational levels in semiotics. a) icon, b) index, c) symbol.  
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Chapter 2 – Communication design  
 
Communication design aims to attract, inspire, create desires and motivate people to respond 
to messages. Its approach takes in consideration not only the development of the message 
with appealing aesthetics, but also the creation of new media to ensure that the message 
reaches the target audience. Thus, the processes in communication design demand skills 
beyond the technical knowledge (e.g. color theory, page layout, typography and visual 
hierarchies), such as strategic business thinking, creativity and problem-solving (Aakhus, 
2007). The concept of user-centered design, where the emphasis is on whether the design 
works for the user, is thus utterly necessary for a successful process of design (Black, 2017). 
 
 
2.1 Information design and data visualization 
 
Richard Saul Wurman coined the term "information architecture" in 1975, in response to the 
large amount of information generated in contemporary societies, which needed to be 
organized. According to Alberto Cairo, data visualizations and graphics are important because 
they encode information, thus facilitating the process of information assimilation, as 
schematized in Fig.7 (Cairo, 2013).  

 
Fig. 7 – The DIKW hierarchy. Data, Information, Knowledge, Wisdom cascade is accompanied by a progressive 
decrease in the entropy of information. 
 
 
In a first level, unstructured information (i.e. reality) is organized in a collection of observations, 
which is encoded by symbols (numbers and words), resulting in the generation of data. In a 
second level of encoding, data is structured into information, so that relevant patterns become 
visible. Information architectures and designers are thus facilitators in the process of 
information consumption, which leads to higher degrees of knowledge. Nevertheless, this is 
not a passive process and when people see, read, or listen, they assimilate content by relating 
it to their memories and experiences. The ultimate goal is the deep understanding of acquired 
information: wisdom. 
 
The capacity of curating and encoding information are valuable assets, that pertains to 
designers, communicators, scientists, and ultimately to all of us, in a society where everyone 
is not only consumer but also producer - “prosumer”- of information (Wurman, 1989). Several 
authors have proposed important modes to visually encode information, to an extent that 
influences the way that contemporary societies interpret it; this is visual literacy. 
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Jacques Bertin was a cartographer and provided the theoretical foundations of information 
visualization, with is work Semiology of Graphics (1967). He systematically classified the 
visual elements to display data and relationships, according to seven basic variables: shape, 
color, value, texture, position, size and orientation (Fig.8), which strongly overlap with the 
basic elements of visual communication defined by Dondis (Dondis, 1973).  
 

 
Fig. 8 – Graphical variables defined by Jacques Bertin. These variables are universally applied to the 
information encoding. 
 
The user of this coded system will be able to perceive and recognize structures present in 
the data according to the choice of the graphical variable. For example, when looking at a 
chart the position of a dot indicates where it is located in the value range associated with the 
chart’s axes. The size of the dot and its color can, by its turn, encode additional information. 
 
“Information may be infinite, however…The organization of information is finite as it can only 
be organized by LATCH: Location, Alphabet, Time, Category, or Hierarchy.” said (Wurman, 
1989) when proposing one of the multiple systems to organize information: the LATCH. As 
seen in Fig. 9, he distributed dogs according to: location/category (country of origin), 
alphabetical (a way of organizing information if no other prevailing organizational structure 
exists), time (year in which the breed was recognized) and hierarchy (the weight of the 
animals).  
 

 
 

Fig. 9 – The LATCH system devised by Wurman. It can be applied to the hierarchization of dogs in multiple 
ways: location, alphabet, time, category, or hierarchy. 
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Another important contribution to modern days visualization of information was from Edward 
Tufte, a statistician, that developed the term “chart junk”. It refers to the use of grids and 
silhouettes (e.g. words surrounded by tight boxes) that cause visual fatigue and competition 
for attention. Looking at Fig. 10 is possible to perceive the improvement in information legibility 
by comparing the initial image with the redesigned version, where black boxes were removed. 
The aim is always to increase “data-to-ink ratio”, i.e., maximize content over noise.  
 

 

Fig. 10 - Aircraft marshalling signals redesigned by Tufte. Visualization is made easier by removing borders 
and putting color emphasis on important parts of the image. 

Additionally, in the same example the author directs attention to where it is really important: 
the movement (colored in red) of the traffic lights (colored in yellow), since color is a strong 
hierarchical hallmark for the imprinting of information. 
Tufte said: “to clarify, add detail” in order to give the control of information to the viewer in a 
functional and intelligent way. He achieved this through micro and macro readings of detail 
and panorama (Tufte, 2011). 
 
The Portuguese-born Manuel Lima spread his endeavors through the universe of networks. 
He explored the concept of rhizome to visualize information in a form other than the hierarchic 
representation by information trees (Lima, 2011) (Fig. 11). 
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Fig. 11 – Protein-protein interactions. Networks are the best way to show protein interactions in biology.  
 
 
 
2.2 Infographics as information vehicles 
 
Information graphics (infographics) have been long applied to genealogy, chronology, 
cartography and statistics (Fernandes, 2018), but their rise came along with the production of 
graphics for newspapers and magazines. Nowadays, infographics are graphic design 
elements that combine data visualization (visual representation of numerical values), 
illustration, text and images in a format that tells a full story (Krum, 2014). The power of 
computing brought a novel leap into storytelling by data and, in the beginning of this decade, 
the  internet massified the term infographics (Smiciklas, 2012).  
 
Our capacity to decode information graphics has been shaped by some historically recognized 
visual representations of information (Fernandes, 2018). 
 
2.2.1 Tables 

 
Tables (Fig. 12) are primary forms of showing correlations between events and were 
particularly important before the invention of the Gregorian calendar. 
 

 
 

Fig. 12 – Detail of a table by Jean Rou (1672). 
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2.2.2 Timelines 
 

Joseph Priestley came up, in 1765, with the ground-breaking concept of using horizontal lines 
that span from the beginning to the end of a time interval, i.e. the timeline (Fig 13).  
 

 
 

Fig 13 – Image of the first timeline by Priestley in “A Description of a Chart of Biography”. 
 
 
William Playfair (1759-1823) invented the majority of charts still used nowadays, such as line 
plots, bar graphs, pie charts, or silhouette graphs (Fig. 14). 
 

 
 

Fig. 14 – Playfair’s timeline. The chart depicts the historical context along with a line plot (chart presenting wages) 
and with a bar graph (showing prices of wheat). 
 
 
2.2.3 Diagrams 
 
With the chart in Fig. 15, Florence Nightingale could visualize and call attention to the matters 
affecting the health, efficiency and hospital administrations of the British Army. 
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Fig.15 - Rose diagram revealing the causes of death in the Crimean war. Deaths by preventable diseases (in 
blue), by wounds (in red) and due to other causes (in black).  
 
 
2.2.4 Maps 

 
The representation of information in maps reveals facts behind the simple 
geographical location. Data visualization in the map of Soho (Fig. 16), helped John 
Snow to trace the source of a cholera outbreak, in 1854. By this reason he is 
considered to be one of the fathers of epidemiology. 
 

 
Fig. 16 – The spread of cholera-induced deaths by a contaminated water pump in Broad Street. Drawn by 
Dr John Snow in A Geography of Life and Death.  
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Joseph Minard, a French civil engineer became famous for his flow maps. Fig. 17 
depicts a notable bidimensional representation of six types of data: the number of 
Napoleon's troops, distance, temperature, location coordinates, direction of travel and 
location on specific dates.  

	

Fig. 17 – Map of Napoleon's march to Moscow. Army size in the outward journey (in brown) contrasting with 
the returning troops (in black). 

Nowadays, with the advent of online information, media and journals have developed new 
interfaces with interactive ways to visualize information (Fig. 18).  

 

Fig. 18 – Interactive platform with results of elections in the USA. The New York Times (2012).	
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In conclusion, all the above-mentioned examples of infographics are effective ways of 
communicating because they share the following characteristics: 

a) pattern recognition – humans are pattern recognition machines shaped by evolution (see 
chapter 2). Studies have estimated that between 50 to 80 % of the human brain is dedicated 
to forms of visual processing such as vision, visual memory, color, shapes, movement, 
patterns, spatial awareness and image recollection.  

b) the language of context – whenever multiple variables are shown in comparison to each 
other, the reader is provided with a reference for the magnitude of the effect. 

c) the “picture superiority effect” – people remember pictures better than words especially over 
longer periods of time (Krum, 2014). 
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Chapter 3 - Science dissemination 
 
European research and innovation projects highlight the importance of disseminating and 
communicating research results. Dissemination refers to the process of communicating 
project results to the scientific community, policy makers and industry, using scientific and 
accurate information. Communication activities pertain to the increase of public visibility of the 
project and its results using accessible language.  
 
3.1 History of the scientific publication 
 
Philosophers, heavily inspired by René Descartes and Francis Bacon, started to advocate the 
use of the scientific method to systematize and report the observations of the natural world. 
In the 16th and 17th centuries, scientific discoveries were essentially descriptive and reported 
in two basic forms: self-published books and personal letters directed to other scientists 
(Mack, 2015). With the spread of science and growth of the community of scientists, letters 
started to be copied and shared, ultimately to be distributed to all those who were interested. 
Their publication in the form of periodical journals, happened almost simultaneously in the 
English Philosophical Transactions of the Royal Society and in the French Journal des 
Sçavans (1665) (Kronick, 1962) and was the genesis of academic publishing. 

The emergence of the scientific publication is a unique event not only because it introduced a 
new medium for science communication but also because this medium persists until the 
current days (Kronick, 1962). During the last 350 years, scientific publications were subjected 
to several natural modifications in terms of format, language and authorship. From the 18th 
and 19th centuries onwards, science became less about reporting (personal) observations 
and more about providing (impartial) experimental data and matching interpretations. The 
veracity and arguments needed thus to be scrutinized by journal editors and peers, ultimately 
leading to the modern peer-review process (Mack, 2015).  

Old days researchers were generalists and the first scientific journals had broad scopes (e.g. 
Science and Nature journals, that still persist today) (Fig. 19). Science evolution led to 
specialization, which was ultimately reflected in the nature and diversity of scientific journals 
(Mack, 2015). 
 
It was only during the 20th century that research papers started to present the ubiquitous 
IMRaD structure (Introduction, Methods, Results and Discussion) along with formatted titles, 
author lists, abstracts, and references (Mack, 2015). The text abstract (see Fig. 19) was 
created to make pertinent information more accessible within the diversity of scientific journals 
and research databases (Camps, 2010; J, 2010) 
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Fig. 19 – Nature publications. a) the first issue (4 November 1869) and b) an actual research paper (8 May 
2014) depicting the substantial differences in the structure of scientific publications. 
 
The rise of the World Wide Web fostered the advent of electronic publishing, and e-journals 
constituted a major breakthrough in the way knowledge is built, shared and discussed. As a 
result, novel publishing companies and platforms appeared (e.g. BioRxiv, F1000). Thus, the 
myriad of interfaces together with the astonishing numbers of research papers being 
published, estimated to double each decade, makes it difficult to draw attention and wade 
through everything ("The art of abstracts," 2011; Bornmann & Mutz, 2015). 
 

3.2 The importance of image  

In the 17th and 18th centuries, most images in scientific papers were drawings of 
experimental apparatuses or observed phenomena and specimens (Mack, 2015) (Fig. 20). By 
then, scientific illustrations were important for taxonomically distinction through faithfully 
reproduction of diagnostic characteristics (Hodges, 2003). Likewise, the seminal publication 
Micrographia in 1665 by Robert Hooke, revealed and disseminated a central concept in Life 
Sciences – the cell.  
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Fig. 20 – Illustration of cork seen at the microscope, present in Micrographia, by Robert Hooke. 
Credit: Wellcome Collection. CC BY 
 

Illustrations were progressively changed by - real size, micro and macro - photographies 
which helped to corroborate many hypotheses, and propagate novel concepts, encompassing 
wider time- and space-scales, exemplified respectively in Fig. 21 and 22 (López-Muñoz, Boya, 
& Alamo, 2006).  

 

 

Fig. 21 – Photographic registry of a horse trotting. Eadweard Muybridge (1887). Credit: Wellcome 
Collection. CC BY 
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Fig. 22 – Images showing the theory of neuron independence. a) Original drawings by Santiago Ramon y Cajal 
on the basis of its postulate (1888). b) Electron microscope consolidating the theory (1955).  

 

The graphic representation of data in scientific publications was not invented until the early 
19th century (see Chapter 3). By the early 20th century, most papers were still descriptive and 
did not contain figures (Mack, 2015).  

Nowadays, visual elements take a prominent role in our culture, identity and knowledge, 
especially in contemporary sharing societies. They yield a depth understanding of highly-
complex matters and scientific findings not only to fellow scientists but also to non-specialists 
(Fabiola Cristina Rodríguez & Lloyd Spencer, 2014). Moreover, they are important tools to 
attract attention and influence the decision of reading a paper (Fig. 23). As the adagio says: 
an image is worth a thousand words.  
 

 
Fig. 23 – Representation of the method used by researchers to scan scientific papers.  
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3.3 The Graphical Abstract 
 
Elsevier, a main publisher in the biomedical sciences, launched the “Article of the future 
project” (2010-13) aiming at revolutionizing the traditional format of academic papers (Yoon & 
Chung, 2017). User-centered design approaches were applied to enforce the importance of 
visual elements and their interactivity (Fig. 24). One of the most significative outcomes was 
the Graphical Abstract (GA): an infographic that attracts potential readers and shows the 
results and overall achievements of the paper at a single glance. Accordingly, GAs are placed 
on highlighted spots: in the table of contents (TOC) at the journal’s website, or in the front 
page of the downloadable version of the paper (PDF). 
 
 

 
 
Fig. 24 – Pattern of visual attention detected by an eye-tracking program. Participants of the test scanned the 
central area first, then the left panel and then the right sidebar. Nowadays, Elsevier e-journals use the left panel to 
display the TOC and paper’s figures, and right panel for citations and paper metrics. 
 
Since then, several scientific journals have published editorials highlighting the importance of 
creating GA  (Hwong, Oliver, Van Kranendonk, Sammut, & Seroussi, 2017; Madhusoodanan, 
2016). Observations point to a tendency of readers to search papers by looking very briefly at 
the title and GA (Divoli, Wooldridge, & Hearst, 2010). More than 15 journals have utilized GA 
in their social media dissemination strategy (Ibrahim, Lillemoe, Klingensmith, & Dimick, 2017). 
Thus, GAs are not add-ons but an important part of the paper (Fabiola Cristina Rodríguez & 
Lloyd Spencer, 2014; Murray et al., 2017). 
 
But visual design principles should be applied in order to correctly and efficiently convey 
information (Rolandi, Cheng, & Perez-Kriz, 2011). As so, an effort has been made by some 
publishers and authors to address and compile rules for the construction of infographics and 
data visualization (Cheng & Rolandi, 2015; Fabiola Cristina Rodríguez & Lloyd Spencer, 2014; 
Murray et al., 2017). Nature Methods compiled and published a complete guide, entitled 
“Visual strategies for biological data: the collected points of view”,  ensuing the best practices 
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for the design of figures and GAs will contribute to an effective science communication 
(Fabiola Cristina Rodríguez & Lloyd Spencer, 2014; Kelly, 2016). 
 
 
3.4 Open Science and Responsible Research and Innovation  
 
In the beginning of this decade, the boundaries between science dissemination and science 
communication started to fade away, with the coining of the terms “Open Science” and 
“Responsible Research and Innovation” (RRI). Public funding of research has been pointed 
as one of the primary reasons for this (Eagleman, 2013). 
 
Open Science is an umbrella term for a series of principles that aim to foster scientific growth 
and its complementary access to the public (Fecher & Friesike, 2014).  
RRI implies that all societal intervenients (researchers, citizens, policy makers, business, third 
sector organisations, etc.) work together throughout the whole research and innovation 
process, in order to better align with the values, needs and expectations of the society. Efforts 
to implement RRI range from easier access of scientific publications to (in)formal science 
education. 
 
Therefore, a strategy for effective communication and dissemination is essential to 
successfully implement scientific discoveries, increase scientific interest and literacy in 
society, that will ultimately justify more investment from funding entities (Cooke et al., 2017).  
 
 
3.5 Assessing scientific impact 
 
Nowadays, there are many outputs of scientific research. As a result, publishers, professional 
societies, institutions, and researchers are developing new applicable means to fairly and 
accurately assess the quality and impact of individual’s research contributions (Schmid, 2017).  

Alternative metrics and article-level metrics (generally “altmetrics”) are complementary to the 
traditional citation-based metrics (bibliometrics, based on the journal’s impact factor) allowing 
to perform weighting according to the importance of the mentions on a specific paper (Murray 
et al., 2017). In addition to citations, they gather social media mentions, mainstream media 
allusions, public policy documents, and connects to reference management sites, such 
Mendeley. Altmetrics also count mentions on post-publication peer review sites (e.g. Publons 
and PubPeer) and pre-printer servers (BioRxiv) (Melero, 2015). Altmetrics data sources 
depend on the used tool (e.g.  PlumX and Altmetrics) (Fig. 25) but generally rely on: usage, 
captures, mentions, social media and citations.  
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Fig. 25 – Altmetric badges. Visual representations of scientific impact used by a) PlumX and by b) Altmetrics.com 
and their color-coded scheme of contemplated mentions. 
 
 
The advantages of GAs are, by definition, to enhance browsing and selection of relevant 
publications. However, studies on visual communication have shown that GAs may have 
greater potential: they can enhance understanding, retention, and recalling of the scientific 
information  (Yoon & Chung, 2017). GAs also have the potential to be reusable (e.g. journal 
TOC, funding reports) and sharable (e.g. social media, lectures).  
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In 2013, Cell Press (a subsidiary of Elsevier publishing group), proposed major changes to 
the layout of online scientific publications in terms of responsiveness and the user’s 
interaction. The GA was clearly the most important one. Taking that as a departing point, many 
corporative and independent initiatives have tried to define a model for GA layout. Herein are 
some of examples: 
 

a) Defined by publishing groups 
 
Cell Press  
 

 
 
Fig. 26 – GA suggested at the Cell Press blog. Retrieved from the editorial note “Attract readers at a glance with 
your Graphical Abstract”. 

Cell Press recommendations explicitly ask the authors to create GA with a square template 
where: they provide a visual indication of the biological context of the results shown (in this 
case, Fig.26, mitochondria within neuronal cells); the image will be distinct from any item 
already included in the paper (i.e., designed on purpose with that aim); the novelty is 
emphasized without including excess of details. They specifically recommend the following 
tips (ipsis verbis): 

• Use simple labels and add text sparingly  
• Avoid unnecessary or cluttering elements  
• Make sure the image reads from top to bottom or from left to right  
• Use programs like Adobe Photoshop to create your image 
• Do not include data items of any type 
• All the content should be in a graphical form 
• Keep it serious, do not use jargon or caricatures 
• Use the space of the image efficiently  
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American Chemical Society (ACS) Publications 
 
ACS Publications specifically asks for a GA with a certain rectangular format. They provide a 
series of examples to be followed, or not, and the respective justification in order to help 
authors to perceive the major rules behind GA design (Fig. 27).  
 

 
Fig. 27 – Examples of “Good” and “Poor” GA.  Retrieved from the ACS guidelines for authors. 
 
They also highlight that (ipsis verbis):  

• The graphic should be simple, but informative.  
• The use of color is encouraged.  
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• The graphic should uphold the standards of a scholarly, professional publication.  
• The graphic must be entirely original, unpublished artwork created by one of the 

coauthors.  
• The graphic should not include a photograph, drawing, or caricature of any person, 

living or deceased.  
• Do not include postage stamps or currency from any country, or trademarked items 

(company logos, images, and products).  
• Avoid choosing a graphic that already appears within the text of the manuscript.  

 
 
 

b) Defined by scientific researchers 
 
 

Ibrahim  
 
Andrew Ibrahim, Medical Doctor and Editor of the journal “Annals of Surgery”, wrote in 2016 
“A Primer on How to Create a Visual Abstract” and has been updating this manual and turning 
it available online for others. He defined a series of recommendations (Fig. 28) to be applied 
in the GAs of the mentioned journal (Fig. 29). 
 
 

 
 

Fig. 28 – Infographics embracing some design principles. Retrieved from “A Primer on How to Create a Visual 
Abstract” (December 2016). 
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Fig. 29 – An effective graphical abstract for the journal Annals of Surgery. Retrieved from “A Primer on How 
to Create a Visual Abstract” (December 2016). 
 
 
Cheng and Rolandi  
 
Karen Cheng (designer) and Marco Rolandi (researcher in nanotechnology) teamed up to 
publish a seminal work entitled “Proving the value of visual design in scientific communication” 
(Cheng et al. 2017). They defined visual guidelines for GAs, exemplified the process of 
redesign and ultimately evaluated the perceptions on the final outcome whilst comparing to 
the original GA. These authors considered a didactic approach by editing the original image, 
step by step, in order for readers to understand the kind of modifications performed, as 
exemplified in Fig. 30.  

 
Fig. 30 – Schematic representation of the process of redesigned. Retrieved from Cheng et al 2017. 
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c) Defined by specialized scientific designers 
 

In this case, the guidelines are not publicly available and most probably they rely in general 
GA design guidelines. Nevertheless, they depict some specific traits that distinguishes them 
from others, and makes them unique and normalized along the different papers of a certain 
journal. In these cases, journals have dedicated designers that are either specialized scientific 
illustrators or work directly with scientists. 
 
 
The BMJ 
 
The British Medical Journal has a specific arrangement of the information along the GA. 
Nevertheless, it is possible to observe in the examples of Fig. 31 major traits defined 
elsewhere, such as the context (e.g. “randomized controlled trial with a certain sample”), 
illustrations of the keywords (highlighted by the blue circle) and even a short link to the full 
article (at the bottom of the GA).  
 

 
 
Fig. 31 – GAs from the British Medical Journal.  
 
 
 

Nature Publishing Group (NPG) 
 
Within the publications of the Nature Publishing Group, authors are not asked to build their 
own GA. Instead, the GA is designed by NPG and appears as a figure in another paper written 
by other specialists, at the section “comment” or “highlight”. Additionally, NPG is greatly 
renowned for their review papers where it is frequent to see pictorial representations 
summarising major concepts in the field. Figure 32 depicts examples of both cases, where is 
possible to observe that certain editorial characteristics are maintained. 
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Fig. 32 – Visual summaries present in papers from the NPG.  
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1. Methodology 
 
The following infographics summarizes step by step the overall methodology used in the data 
collection for this project. 

 
Figure 33 – Major tasks and actions taken along the project. 
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1.1 General framework for the construction of GAs 
 
The framework was framed according to the specificities mentioned by other authors (K. 
Cheng & Rolandi, 2015; Kelly, 2016; Rolandi, Cheng, & Perez-Kriz, 2011; Rougier, 
Droettboom, & Bourne, 2014; Spicer, 2017), as well as on the specific GA guidelines of the 
journals were i3S papers are most frequently published (Table 1).  
 
 
Table 1: Top 150 publishers of i3S research papers. 
 

  
 
 

Journal Name # papers Publishing Group GA usage
Scientific Reports 54 NPG No
Plos One 49 PLOS No
Forensic Science International Genetics Supplement Series25 x x
Molecules 20 MDPI Recommended
Acta Biomaterialia 17 Elsevier Recommended
Forensic Science International Genetics 17 Elsevier Recommended
International Journal Of Pharmaceutics 17 Elsevier Compulsory
Fluorescence Imaging And Biological Quantification15 Taylor & Francis Online Book
Lancet 15 Lancet No
Nature Communications 15 NPG No
Frontiers In Immunology 14 Frontiers No
International Journal Of Molecular Sciences14 MDPI Recommended
Methods In Molecular Biology 14 Springer No
Acta Medica Portuguesa 13 AMP/Ordem dos Medicos No
Biomaterials 13 Elsevier Recommended
European Journal Of Human Genetics 13 NPG Video Recommended
Journal Of Controlled Release 13 Elsevier Compulsory
Oncotarget 13 Oncotarget No
Advanced Drug Delivery Reviews 10 Elsevier x
Biomolecules 10 MDPI Recommended
Frontiers In Microbiology 10 Frontiers No
Advances In Experimental Medicine And Biology9 Springer Compulsory
Carbohydrate Polymers 9 Elsevier Recommended
Colloids And Surfaces B Biointerfaces 9 Elsevier Compulsory
European Journal Of Pharmaceutics And Biopharmaceutics9 Elsevier Compulsory
Journal Of Cell Biology 9 Rupress Recommended
Nanomedicine 9 Elsevier Compulsory
Expert Opinion On Drug Delivery 8 Taylor & Francis Online No
Journal Of Biological Chemistry 8 ASBMB No
Journal Of Cellular Biochemistry 8 Wiley Online Library Video Recommended
Materials Science And Engineering C 8 Elsevier Recommended
Rare Tumors Of The Thyroid Gland Diagnosis And WHO Classification8 x x
ACS Applied Materials And Interfaces 7 ACS publications Compulsory
Concepts And Models For Drug Permeability Studies Cell And Tissue Based In Vitro Culture Models7 Woodhead Book
Handbook Of Forensic Genetics Biodiversity And Heredity In Civil And Criminal Investigation7 x x
Journal Of Biomedical Materials Research Part A7 Wiley Online Library No
Journal Of Tissue Engineering And Regenerative Medicine7 Wiley Online Library No
Peptides And Proteins As Biomaterials For Tissue Regeneration And Repair7 Elsevier Book
Proceedings Of The National Academy Of Sciences Of The United States Of America7 NAS No
Advanced Functional Materials 6 Wiley Online Library Video Recommended
Amyloid 6 Taylor & Francis OnlineVideo Recommended
Biochimica Et Biophysica Acta Molecular Basis Of Disease6 Elsevier Recommended
Brain 6 Oxford Academic No
Current Medicinal Chemistry 6 Bentham Science Video Recommended
European Journal Of Pharmaceutical Sciences6 Elsevier Compulsory
Food And Function 6 Royal Society Chemistry Recommended
International Journal Of Biological Macromolecules6 Elsevier Recommended
Journal Of Medical Genetics 6 Elsevier Recommended
Molecular Neurobiology 6 Springer No
Nature 6 NPG No
Neurobiology Of Aging 6 Elsevier Recommended
Obesity Surgery 6 Springer No
Redox Biology 6 Elsevier Compulsory
Rsc Advances 6 Royal Society Chemistry Recommended
Advances In Intelligent Systems And Computing5 Springer No
American Journal Of Human Genetics 5 Cell Press No
Biomed Research International 5 Hindawi No
BMC Cancer 5 Springer No
Cell Reports 5 Cell Press Recommended
Cellular And Molecular Life Sciences 5 Springer No
Chemosphere 5 Elsevier Recommended
European Journal Of Medicinal Chemistry 5 Elsevier Recommended
Genes 5 MDPI Recommended
International Journal Of Nanomedicine 5 Dove Press x
Journal Of Community Genetics 5 Springer No
Journal Of Materials Chemistry B 5 Royal Society Chemistry Recommended
Journal Of Perinatal Medicine 5 De Gruyter No
Lecture Notes In Computer Science Including Subseries Lecture Notes In Artificial Intelligence And Lecture Notes In Bioinformatics5 x x
Marine Drugs 5 MDPI Recommended
Plos Neglected Tropical Diseases 5 PLOS No
Stem Cell Reports 5 Cell Press Recommended
Applied Microbiology And Biotechnology 4 Springer No
Biochimica Et Biophysica Acta Molecular And Cell Biology Of Lipids4 Elsevier Recommended
Biomedical Materials Bristol 4 IOP No
Cancer Letters 4 Elsevier Recommended

Journal Name # papers Publishing Group GA usage
Current Biology 4 Cell Press Recommended
Current Drug Targets 4 Bentham Science Video Recommended
Digestive And Liver Disease 4 Elsevier Recommended
Endocrine 4 x x
Endocrine Connections 4 Bioscientifica No
Environmental Microbiology 4 Elsevier Recommended
European Journal Of Immunology 4 Wiley Online Library No
FEBS Journal 4 Wiley Online Library Recommended
Free Radical Biology And Medicine 4 Elsevier Compulsory
Future Microbiology 4 Future Medicine Recommended
Gastric Cancer 4 x x
Genome Biology And Evolution 4 Oxford Academic No
GLIA 4 Wiley Online Library Video Recommended
Helicobacter 4 x x
Histology And Histopathology 4 Plaza Fuensanta No
Human Genetics 4 x x
Human Mutation 4 Wiley Online Library Video Recommended
Idcases 4 Elsevier Recommended
Infection Genetics And Evolution 4 Elsevier Recommended
Interdisciplinary Sciences Computational Life Sciences4 Springer x
International Orthodontics 4 x x
Journal Of Cancer Education 4 Taylor Francis No
Journal Of Endocrinological Investigation 4 Springer No
Journal Of Immunology 4 AAI Recommended
Journal Of Materials Science Materials In Medicine4 Springer Compulsory
Journal Of Medicinal Chemistry 4 ACS publications Compulsory
Journal Of Nutritional Biochemistry 4 Elsevier Recommended
Journal Of Pharmaceutical And Biomedical Analysis4 Elsevier Recommended
Journal Of Proteomics 4 Elsevier Compulsory
Molecular Pharmaceutics 4 ACS publications Compulsory
Pain 4 Elsevier Recommended
Parasitology Research 4 Springer No
Pharmaceuticals 4 MDPI Recommended
Pituitary 4 x x
Plos Genetics 4 PLOS No
Plos Pathogens 4 PLOS No
Pulmonology 4 Elsevier Recommended
Revista Portuguesa De Cardiologia 4 Elsevier Recommended
Science 4 AAAS No
Toxins 4 MDPI Recommended
Tumor Biology 4 SAGE No
Urology 4 Elsevier Recommended
Virchows Archiv 4 Springer No
American Journal Of Surgical Pathology 3 Wolters Kluwer No
Andrology 3 Wiley Online Library No
Antimicrobial Agents And Chemotherapy 3 ASM No
Applied Surface Science 3 Elsevier Compulsory
Biochimica Et Biophysica Acta Biomembranes3 Elsevier Compulsory
Biochimica Et Biophysica Acta General Subjects3 Elsevier Recommended
Biochimica Et Biophysica Acta Molecular Cell Research3 Elsevier Recommended
Biology Of Reproduction 3 Oxford Academic No
Biomedicine And Pharmacotherapy 3 Elsevier Recommended
BMC Infectious Diseases 3 Springer No
Carbon 3 Elsevier Compulsory
Cellular Immunology 3 Elsevier Recommended
Clinical Cancer Research 3 AACR No
Current Pharmaceutical Design 3 Bentham Science Video Recommended
Data In Brief 3 Elsevier Recommended
Drug Discovery Today 3 Elsevier Recommended
Elife 3 Elife No
European Journal Of Endocrinology 3 Bioscientifica No
European Journal Of Pain United Kingdom 3 x x
European Polymer Journal 3 Elsevier Recommended
Food And Chemical Toxicology 3 Elsevier Recommended
Food Chemistry 3 Elsevier Compulsory
Food Research International 3 Elsevier Compulsory
Frontiers In Endocrinology 3 Frontiers No
Frontiers In Medicine 3 Frontiers No
Frontiers In Physiology 3 Frontiers No
Gene 3 Elsevier Recommended
Genome Announcements 3 x x
Glycobiology 3 Oxford Academic No
Infection And Immunity 3 ASM No
International Journal Of Cancer 3 Wiley Online Library x
International Journal Of Obesity 3 Nature Video Recommended
Int J Nanomedicine 3 Dove Press Video Recommended
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1.2 Evaluation of GAs in i3S’ publications  

 
A retrospective study was performed addressing a set of different standard parameters 
defined for GAs in biomedical sciences. The evaluation encompassed the period of full activity 
of i3S research center (2016-2018) and addressed publications distributed by 3 main research 
avenues (cancer, neurosciences and host-interactions).  
 
1.2.1 Quantitative assessment 
 
The PubMed search engine was used to evaluate the publications by browsing for i3S or 
Institute for Research and Innovation in Health or Instituto de Investigacao e Inovacao em 
Saúde, as part of the author affiliations. The total number of publications was evaluated, and 
annotation was performed regarding the journal publishing group. Scholarly literature was 
stratified according to: original research, review article, clinical case study, erratum, retraction, 
or commentary publications. Only original research papers, passive of being accessed with 
U.Porto credentials, were scrutinized as using or not GAs. From the publications without GA, 
the potential that is being neglected was addressed as the percentage of published papers in 
journals accepting GAs. From the publications depicting GAs, journal guidelines were 
evaluated in order to subdivide them in compulsory or recommended. 
 
1.2.2 Qualitative assessment 
 
The previously defined framework was applied. Briefly, functional aesthetical principles were 
classified in semiotic, typography, color and composition by two evaluators (E.C. and A.C.), 
while information/communication principles were classified in conclusion, context, clarity and 
labelling by a single evaluator (A.C.). Each parameter was rated according to the binary 
system of satisfaction/not satisfaction. Hence, for each GA and for each of the 2 principles, 
the classification could vary between 0/4 to 4/4. A heatmap (matrix) with all the possible 
combinations was built accordingly. Furthermore, GAs were generally classified as “poor” or 
“good”, whether rating respectively as 0/4 - 1/4 or 3/4 - 4/4, simultaneously in both information 
and aesthetics parameters.  

 

1.3 Impact assessment  
 

Research papers, either using GA or not, were annotated for their altmetric scores (retrieved 
in June 2019) on the number of: citations, readers on social media and tweets.  

 
1.4 Redesigning i3S’s GAs 
 
From the 156 publications with GAs, 8 where selected based on their potential for 
improvement via redesign. Some were selected for major modifications because of their 
limited functionality (due to lack of information or violation of established design principles), 
while others, which deserved minor changes, were selected based on the technical capability 
of transformation departing from the original image. A code was attributed to each GA in order 
to keep the identity of the authors anonymous (complete information can be consulted at the 
raw data files). The scientific paper was read to ensure the complete understanding of the 
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message being communicated. In some cases, it was necessary to study the theme and 
concepts being discussed as they cover a myriad of different topics within the biomedical 
sciences. Afterwards, the graphic design software Illustrator CC (Adobe Inc) was used to build 
the new GAs.  
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2. Results 
 
2.1 General framework for the construction of GAs 

 
 

 
 
Figure 34 – Infographic summarizing the parameters of aesthetics/design and information/communication 
used to evaluate and build GAs. 
 

 
2.2 Evaluation of GAs in i3S’ publications  

 
A total of 994 original research papers, published by i3S, were assessed via the PubMed 
search engine and scrutinized for the presence or absence of GA.  

Not all the journals accept GAs, and in this sample, 45% of the publications (n=450) were 
allowed to use them. Within these, only 188 cases were found to be associated with a GA 
(19%), while in 262 cases (26%) the authors opted by not to use it (Fig. 35). The use of GA 
was mandatory, by the journal guidelines, in at least 12% (n=120) of the cases.   
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Figure 35 – Quantitative evaluation of the GAs in scientific publications of i3S. 

 

A total of 156 GAs (see Annex 1) were screened and catalogued according to parameters re-
defined by us. For the aesthetical principles we focused on semiotic, color, composition and 
typography; and for the information principles on conclusion, labeling, context and clarity. 
Each criterium successfully satisfied scored 1 out of 4, ranging from the case where none of 
them is satisfied - 0/4 - to a maximum of 4/4, when they all are accomplished. Fig. 36 depicts 
two examples of GAs for each rating, respectively 4/4 and 0/4, for both parameters 
simultaneously.

 

Figure 36 – Quality of GAs in the scientific publications of i3S. Examples of good and poor GAs are shown, 
respectively, in green and red. 
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Globally, as seen in Figure 37, only 6% (9/156) of the GAs fully satisfied the aesthetical and 
information criteria, while 7% (11/156) do not achieve any of the desired principle.  

 

 

Figure 37 – GA distribution according to aesthetical/design and information criteria. 

 

By taking a closer look, 13% (21/156) of all the GAs analyzed do not carry any aesthetic 
content. Additionally, we have observed that “composition” is successful applied in 40% 
(63/156) of the cases, meaning that it fails in more than half of the published GAs (Figure 38). 

 

Figure 38 – Distribution of GAs satisfying the established principles of aesthetics/design. 

When, focusing on information/communication principles (Figure 39), conclusion and clarity 
rated as satisfying in 42% and 49% of the cases, respectively, 65 and 77 out of the 156 
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analyzed publications. Moreover, in 36 out of 156 GAs (23%) none of the defined information 
criterium is displayed. Thus, more than half of the GAs fail in communicating with clarity the 
conclusion of the research. 

 

Figure 39 – Distribution of GAs satisfying the established principles of information/communication. 

 
2.3 Impact assessment  
 

In order to assess whether GA use has any outcome in terms of impact, it was decided to 
evaluate the Altmetric scores of publications from the years 2016 and 2017, in order to gather 
more cumulative data so far (Fig. 40).  

 

Figure 40 – Quantitative evaluation of the altmetric scores of scientific publications from 2016-2017. *** 
corresponds to p<0.001, ns means not statistically significant. 

Results were retrieved from a total of 201 scientific publications and it was observed that those 
using GAs have 1.6x more citations (10.5 vs 6.4) and 1.6x more readers (33.4 vs 20.8) than 
the ones published in the same journals without this particular kind of infographics. The results 
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are statistically significant for the number of citations and the number of readers, as calculated 
by two-tail Mann-Whitney-U-test. Concerning the numbers of tweets, no statistically significant 
differences (3 vs 3.5) were observed between publications displaying or not GAs. 
 
Some authors claim that publications with GAs carefully constructed, according to the rules in 
the field, are perceived as superior in terms of intellectual and scientific competence (Karen 
Cheng, Chen, Larson, & Rolandi, 2017). We wondered whether that could be indirectly 
reflected in the altmetrics parameters. Thus, GAs were categorized as “good” whenever 
scoring 3 or 4 satisfied criteria or “poor” when scoring 0 or 1 criteria satisfied, simultaneously 
in the parameters of aesthetics and information. 
 

 

Figure 41 – Evaluation of the altmetric scores according to the quality of GAs in scientific publications 
from 2016-2017. 

As shown in Fig.41, the number of citations is not particularly affected (7.6 vs 8.0), while more 
pronounced effects where observed in the numbers of readers (29.9 vs 22.3) and tweets (5.1 
vs 2.0). In this set of data, statistical analyses were not performed due to the limited size of 
the sample. However, it seems that scientific publications with better GAs capture more 
attention of readers and increase sharing in social media.  
  
 
2.4 Redesigning GAs 

 
The previous qualitative score, attributed to each GA, is presented in the format 
Aesthetics/Information: A0-4/I0-4. Redesign aims at transforming GAS in A-4/I-4.  
 
The GA depicted in Fig.42 is a clear example of a case where it is not possible to have an 
idea of what the work is about, besides being aesthetically unsatisfactory. For these reasons 
it was rated A-0/I-0. The redesign consisted in identifying the drugs under study (labelling) 
among a vast list of commercial compounds and in showing the methodology (context) along 
with the observed results (clarity). The text complements the icon (semiotic) thus helping to 
identify the methodology and conclusion. The color pallet was softened.  
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Figure 42 - GA of the publication “Study of New Therapeutic Strategies to Combat Breast Cancer Using 
Drug Combinations”. 

 
 

GA in Fig. 43 scored A-0/I-2. According to the information present in the research paper, only 
some depicted results are derived from their research; The image contains information from 
other publications and hypothesis not proven so far (violation of conclusion and clarity). 
Thus, it is a “proposed model” and not a GA. Although the labeling and context were properly 
attributed, information had to be removed. For the redesign a softer color pallet was chosen, 
incorrect alignments (composition) were removed, arrows were redefined, and the degree of 
iconicity was uniformized (semiotic). 
 

 
 
Figure 43 - GA corresponding to the paper “Xanthohumol Restores Hepatic Glucolipid Metabolism Balance 
in Type 1 Diabetic Wistar Rats”. 
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Figure 44 - GA from the publication “Exploiting the 2-Amino-1,3,4-thiadiazole Scaffold To 
Inhibit Trypanosoma brucei Pteridine Reductase in Support of Early-Stage Drug Discovery”. 
 
To GA in Fig. 44 was attributed A-0/I-0 score. It should describe a methodological process of 
narrowing down (semiotic), with 2 major end results leading to a final output (conclusion), 
now highlighted in red (color). Unimportant details were shown with unreadable typography. 
 
A-0/I-3 was attributed to the GA in Fig. 45. In terms of information it fails in clarity: graphics 
are subjected to interpretation and do not provide a clear and direct reading of the results. The 
typography is undersized and negative space (composition) can be optimized. For the 
redesign, pale colors were selected, except for highlighting the two major conclusions, and 
symbols (semiotic) were introduced for a faster identification. 
 
The GA of Fig. 46 was rated A-0/I-4.  Information wise it is satisfying but aesthetically 
unpleasant. Images from distinct families were used (semiotic) and there is an improper color 
use. During redesign, different font sizes (typography) were used, providing hierarchy, and a 
better distribution of the components (composition) was achieved.  



 IV - PROJECT 

pg. 39 
 

 
 
Fig. 45 – GA of “Usefulness of Caco-2/HT29-MTX and Caco-2/HT29-MTX/Raji B Coculture Models To Predict 
Intestinal and Colonic Permeability Compared to Caco-2 Monoculture”.  
 
 
 

 
 
Fig. 46 – GA from the paper “Delivery of an anti-transthyretin Nanobody to the brain through intranasal 
administration reveals transthyretin expression and secretion by motor neurons.” 
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GA in Fig. 47 was rated A-4/I-3. The context/methodology was missing, for a better integration 
of the information. When redesigning, the GA size was adjusted according to the publishing 
guidelines.  
 

 
 
Fig. 47 - GA from the paper “Communication from the periphery to the hypothalamus through the blood-
brain barrier: An in vitro platform”.  
 
The GA of Fig. 48 depicts a correct typographic use but ignores composition rules (missing 
separation between the font and the circle), color significance (Is red color associated with 
higher drug concentration? Is green no effect?) and semiotic integrity (adult and developing 
fish are represented, respectively, by illustration and photography). It lacks a major readout of 
the performed research, i.e., identification of gene expression, thus impairing the full 
understanding of the message (conclusion). For these reasons, the GA scored A-1/I-2. 
 
When redesigning, minor changes were applied to the GA in Fig. 49, initially rated as A-2/I-3. 
In aesthetical terms, redesign inserted color blurring and adjusted space and alignment 
(benefiting composition). Information wise, the results were simplified without compromising 
the overall conclusion.  
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Fig. 48 – GA associated with “Embryonic Stage-Dependent Teratogenicity of Ketamine in Zebrafish (Danio 
rerio)”. 
 
 
 

 
 
Fig. 49 – GA presented at “Ghrelin acts as energy status sensor of male reproduction by modulating Sertoli 
cells glycolytic metabolism and mitochondrial bioenergetics”.  
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3. Discussion and conclusions 
 
A final but important part of science comes at the end of the work when it shall be 
communicated to lay and expert audiences. This project focused on the efforts to visually 
communicate the research findings in the biggest biomedical research center in Portugal – 
i3S, by means of GAs. These vectors of communication are specifically used to disseminate 
science amongst a community of scientific experts and additionally to try to overcome any 
interdisciplinary gaps, thus fomenting cross-field collaborations (Karen Cheng et al., 2017). 
Moreover, online searches are directed by keywords, a process that by itself might be limiting 
since one cannot search for something that doesn’t know the name ("The art of abstracts," 
2011). Images are more democratic and inclusive.  

It is generally agreed that visual imagery fosters the ability to formulate complex mental 
models and, thus, are an important prerequisite to learning (see “DIKW hierarchy”, Chapter 
2). In fact, GAs, as infographics in general, leverage the brain’s most dominant capacity – the 
visual – and an understanding of visual perception might potentiate their usage. Thus, rules 
and recommendations have been defined and are generally accepted by the major publishing 
groups. In some journals, the GA is compulsory for the final decision of the paper’s publication.  

The detailed analysis of this sample (i3S publications) revealed that only a minority of the 
publications (19%) is assisted by the use of such communication tool. Furthermore, in more 
than half of those, the use GA is obligatory. The reasons generally indicated for choosing not 
to incorporate a GA in the paper are the fact that to the construction of a GA is a time-
consuming process, and that researchers do not necessarily have the skills and knowledge to 
build them (K. Cheng & Rolandi, 2015; Khoury et al., 2019). Moreover, the real impact and 
return-of-investment of the GA usage is not fully understood. Indeed, studies reporting the 
benefits of GA usage are sparse and with contradicting results (Ibrahim, Lillemoe, 
Klingensmith, & Dimick, 2017; Pferschy-Wenzig, Pferschy, Wang, Mocan, & Atanasov, 2016). 

In an attempt to go even deeper in the assessment of this particular type of infographic, the 
quality of the visual science communication was evaluated. The less satisfying parameter in 
aesthetical/design terms was “composition”. Accordingly, others have identified that, in 
another kind of visual science communication tool – the scientific poster - there is also difficulty 
in “equilibrium” and “alignment” (Morgado, 2018), two of the items considered by us in the 
parameter “composition”. Another study, reported that there are unclear relationships between 
elements in the GA, directing it to defects in layout and hierarchization (Hullman & Bach, 
2018).  

In general, it would not be expected that GAs will score tremendously positive for the 
aesthetical/design principles, as others have reported (Hullman & Bach, 2018) because within 
i3S community the tendency is that the research team produces their own GAs. Conversely, 
it is anticipated that researchers have a clear and complete vision of the conclusion of their 
own findings. Surprisingly, more than half of the GAs failed to pass the message in a clear 
and concise way. It is hypothesized that either the community is not aware of what a GA is, 
by definition, or they need professional help in constructing vehicles for science sharing and 
dissemination. Furthermore, other authors state that interdisciplinary collaborations between 
scientists and designers, help to streamline the message due to the nature of the iterative 
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approach, where there is a challenge to distill the research into a communicable story (Khoury 
et al., 2019; Stahl-Timmins, 2017). 

This study also makes a contribution in terms of impact assessment. It reveals that papers 
with GAs are associated with better altmetric scores on impact, i.e., number of citations and 
readers, but not with the dissemination via the social network Twitter. Altmetric scores are 
considered predictors of the impact of a given research, as they are a measure of the buzz 
and reach within the worldwide community of researchers, valuable because they take shorter 
to accumulate than bibliometrics (traditional citations) (Eysenbach, 2011). In the study 
“Exploring the Role of Infographics for Summarizing Medical Literature”, infographics were 
associated with higher reader preference rather than text summaries (Martin et al., 2019).  
 
This project also reveals that, whenever a GA is appellative, i.e., has a “good” GA, the paper 
seems to attract more attention in terms of number of readers and tweets, but not in terms of 
citations. Although this statement deserves further investigation, it strengths what others have 
equally reported. In Cheng et al. study, they described that well-designed GAs changed 
readers’ understanding, interest and expectations of the scientific paper (Karen Cheng et al., 
2017). Moreover, articles with GAs are three times more likely to be viewed than the ones with 
text-only abstracts (Murray et al., 2017). Additionally, GAs have the potential to enhance 
online browsing among peers ("The art of abstracts," 2011).  
 
Some consider that GAs (and images) might be the ultimate legacy of one’s research, since 
research papers get easily sunk in piles of other papers and posting a research paper on 
social networks is not “user-friendly”. One can wonder whether, in the future, the dissemination 
of scientific information will be heavily dependent on social media sharing and specialized 
mobile apps, such as Researcher® (to keep researchers up-to-date with the latest papers). 
Publishing companies already recommend, and deliver tutorials, so that the publication of a 
new research paper is accompanied with a blog post, a video summary, a Twitter campaign 
or press release, in order to reach a larger audience while maintaining the credibility of the 
science and, eventually, be used by third parties in other media and news platforms.  
The issues of accessibility of research findings are, and will be even more, of special concern 
for funding entities, politicians and to the wider public (Otten, Cheng, & Drewnowski, 2015; 
Plavén-Sigray, Matheson, Schiffler, & Thompson, 2017).    
 
Based on these results, the use of GAs as means to disseminate scientific research is strongly 
advocated and should be fostered not only to raise individual researchers’, but also, 
institutional profile both among peers and in society. Scientists should not neglect the 
importance of the Public Understanding of Science (PUS), specially because: our experiments 
are funded by the taxpaying public; we can use our skills to inspire critical thinking in public 
and political dialog; and, ultimately, but not less importantly, we are positioned to halt the flow 
of scientific misinformation and fake news in the media (Eagleman, 2013; Watson & Lom, 
2008). Increasing visual literacy and critical thinking, is of uttermost importance in the “era” of 
data visualization, as pointed by Cairo in the recent issue of Scientific American magazine (1 
September 2019) “… misreading data can reinforce biased perceptions…”. It has been seen 
that biased perceptions of the world have influenced behavior, e.g. elections of Trump, 
Bolsonaro, and voting for Brexit.  
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4. Future perspectives 
 
In the study by Cheng et al., published GAs were redesigned according to the graphical 
conventions and the authors concluded that applying design techniques influences readers’ 
initial perceptions (Karen Cheng et al., 2017).  
 
Similarly, and having already performed a redesign of GAs, it will be interesting to proceed 
with a complete and blind study to retrieve the opinions of i3S’ scientists when comparing 
original and redesigned GAs, including the authors of the GAs which were redesigned.  
 
 
 
 
5. Major conclusions of the project 
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6. Outcomes from the project 
 
This work was selected for an oral presentation at the Portuguese Congress of Science 
Communication: “Congresso SciComPT 2019 - Comunicação de Ciência e Inclusão”, 30-31 
May 2019, Aveiro, Portugal.  
 
Additionally, it was accepted for publication at the International Conference On Design and 
Digital Communication “DigiCom” to be held at 15-16 November, in Barcelos, Portugal. 
 
Furthermore, graphic contributions were made to the following scientific publications: 

- Costa AC, Carvalho F, Cabanes D, Sousa S. Stathmin recruits tubulin to Listeria 
monocytogenes-induced actin comets and promotes bacterial dissemination. Cell Mol 
Life Sci. 2019 Mar; 76(5):961–975. doi: 10.1007/s00018-018-2977-7. [Figure 7] 
 

- Manfred F. Maitz, M. Cristina L. Martins, Niels Grabow, Claudia Matschegewski, Nan 
Huang, Elliot L. Chaikof, Mário A. Barbosa, Carsten Werner, Claudia Sperling. The 
blood compatibility challenge. Part 4: Surface modification for hemocompatible 
materials: Passive and active approaches to guide blood-material interactions. Acta 
Biomaterialia 2019; 94:33-43. doi: 10.1016/j.actbio.2019.06.019 [Figure 2] 
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