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Abstract 
The transition from print to digital media has gone hand in hand with a shift in reading 

strategies. Internet readers tend to skim, scan and skip, rather than read deeply. This also 

affects readers of scientific papers. As publishers are experimenting with new online formats, 

exploring the design of scientific papers is both a timely and relevant issue. This paper 

addresses this issue, by presenting two explorative studies, a design phase with three 

alternative designs, and evaluative studies with readers as well as writers of scientific papers. 

A key insight is that, paradoxically, scientific papers are often considered too long, yet 

simultaneously lacking in in-depth information. We propose three new formats for scientific 

papers with the aim of offering users improved control over the depth and amount of 

information presented. After usability testing with readers and interviews with authors, one 

format emerged as a potentially viable alternative to PDF. 
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1. Introduction 

1.1. The cost of “e” 
Reading is changing. We read websites, e-mails, PDFs, e-books and many other formats that 

have only been around for a relatively short time. Academic reading is no exception. The use 

of PDFs for distribution of scientific books and papers is increasing and, in fact, the majority 

of papers read now come from electronic sources (Tenopir et al., 2009). Despite the electronic 

proliferation in scientific publishing, university students preferred to read their papers on 

actual paper in 2004 (Mercieca, 2004) and still do as recently as 2013 (Vandenhoek, 2013). 

One key reason for this is the fact that we consume our electronically distributed journal 

articles in a format optimised for print, rather than screen display (Mercieca, 2004). Yet, a 

significant portion of readers refrains from printing, for environmental reasons amongst 

others (Vandenhoek, 2013; Tenopir et al., 2009). 

So why are we still reading scientific articles made for paper on screens, almost 20 years after 

Nielsen (1997) first told us how to write for the web? We appear to choose “e” mainly for 

convenience. We like the portability and the ability to share (Rose, 2011), the reduced costs 

involved (Mercieca, 2004), and the ease of distribution. At the same time, we must 

acknowledge that in the present form, these advantages come at a cost: electronic formats 

do not yet serve modern reading habits in an optimal way (Mercieca, 2004; Rose, 2011; Tenopir 

et al., 2009). 

Simply moving articles onto the more seemingly suitable e-reader, a general solution for many 

digital reading problems, does not appear to be adequately effective for scientific reading. A 

recent study (Thayer et al., 2011) followed U.S. students taking part in their university’s free e-

reader program. After 7 months of use, 64% of interviewed students had not used their Kindle 

in their last 3 academic reading sessions, indicating that e-readers are not a preferred format. 

With reading papers being one of the key activities in doing science and in learning how to 

become a scientist, both science education and science practice are negatively affected by 

paper formats that do not fit well to their readers’ preferences, needs and habits. This is likely 

to cause frustration and introduces additional barriers to an activity that already provides 

significant intellectual challenges in and of itself. 

1.2. Reading is not even the right word 
Reading is changing. Nielsen (2006) even goes so far as to say that “reading is not even the 

right word” to describe how we consume information from the web. Evidence to support that 

claim is abundant (Dyson & Haselgrove, 2001; Rowlands et al., 2008; Krug, 2000; Nielsen, 

1997). These papers suggest that we apply different strategies when reading on the web. 

Instead of taking in entire texts, we skim them to assess relevance, find the information we 

need and leave. Rowlands et al. (2008) describe online reading behaviour as “power-

browsing”, viewing many pages for a short time, taking in relatively little information from each 

and rarely returning to previously viewed pages, even when saved for future reference. Rose 

(2011) finds that students reading academic materials employ goal-directed, strategic reading 

to optimise their time spent with a “don’t read the whole thing” attitude. All of this is further 

confirmed by Tenopir et al. (2009), whose survey of electronic journal use from 1977 to 2008 

shows an increase in number of articles accessed, but a decline in total reading time. 
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In his famous and controversial essay “Is Google making us stupid?”, Carr (2008) suggests 

that the changes in our reading environment have led to changes in our reading (and thinking) 

abilities. He reports from his own experience that he is less able to immerse himself in material 

and deeply process what he reads. He suggests that the amount of instantly accessible 

information leads to a need for quicker stimulation, and a difficulty to focus attention on one 

thing at a time. Carr is not alone in this, as Rowlands et al. note about their observed “Google 

generation” participants: “It almost seems that they go online to avoid reading in the traditional 

sense.” 

1.3. Towards open science 
Reading is changing. Although we are still in the early stages of opening up and digitalising 

access to scientific research (Laakso & Björk, 2012), growth rates are impressive. The year 

2011 saw 340,000 open access articles published in nearly 7,000 open access journals. The 

share of open access articles has increased from 14% in 2008, to 17% in 2011, and 22% in 

2014 (Butler, 2016; Laakso & Björk, 2012). Open access articles funded by processing charges 

have reached the same level of citation averages as subscription journals (Solomon et al., 

2013). These developments provide an excellent opportunity to start rethinking how scientific 

articles are written and presented as we move away from physical paper publications. Recent 

years have seen the introduction and development of alternatives to the PDF, such as the 

PubReader and The Article Of The Future projects. While both focus strongly on a modern 

presentation, and the Article Of The Future introduces many new multimedia capabilities, the 

matter of adapting to modern reading strategies seems largely ignored. For example, a recent 

search of the ACM library for papers regarding the usability and design of scientific papers 

yielded no relevant results at all. 

1.4. Main goals 
In this research, we identify that the current approach to presenting scientific articles is 

incompatible with modern digital reading strategies. As readers skim and scan for specific 

information (Dyson & Haselgrove, 2001; Krug, 2005; Nielsen, 1997; Rose, 2011; Rowlands et 

al., 2008), the traditional PDF proves to be too static, giving users no control over the depth 

and amount of information presented. In terms of depth, there is only one level of detail 

available, one that includes all that the author decided to include. In terms of amount, the user 

is presented with all information available at once. Control can only be exercised over the 

amount of text read within that constraint. Our aim in this paper is to address this challenge 

by exploring the problem in depth, and developing a new format that provides readers with 

sufficient interactive control while reading scientific papers electronically. Based on user 

input, three novel format prototypes were developed and their usability was tested with 

university students; each format presenting summaries in different ways that provide control 

over the depth and amount of information.  Findings from the studies were then discussed 

with publishing authors, in order to gauge responses to these new formats from the writing 

researcher’s perspective. 

2. Background 
This section delves into the existing literature on improving the reading experience. This 

includes research on reading and writing both academic and non-academic texts, and 

presenting text on paper as well as on screen. This resulted in a number of factors that could 

influence the reading experience, serving as a foundation for the first explorative study. 
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2.1. When writing scientific literature 

2.1.1. Article length 
Sand-Jensen’s 2007 article “How to write consistently boring scientific literature” raises an 

important issue in a humorous way: it is traditionally encouraged to write boring, unengaging 

and lengthy papers. It’s not hard to think of reasons why. Science requires preciseness and 

completeness, and its authors (and often its readers too) are technical experts. This approach 

unfortunately clashes strongly with the “power-browsing” nature of modern (digital) reading 

and research, as mentioned earlier. 

Although Morkes & Nielsen (1998) advise concise writing that is easy to scan when writing for 

the web, detailed and standardised reports of Methods and Results sections (among others) 

must be available to those who require them. Nonetheless, lessons must be learned from best 

practices for website design, if scientific articles are being read as such. Traditionally, a 

reader’s choice between conciseness and depth is limited to the abstract and the full text, two 

rather disparate options. Although the abstract can provide readers with a quick “go” or “no-

go” decision by summarising the contents of an article, there is no such aid provided when 

navigating the main text. In the following chapters, we will focus on article length and level of 

detail in order to discover how these aspects of articles are experienced and in what ways 

users can be given more control over these aspects. 

2.1.2. Readability 
There is more to creating engaging text, though, than limiting the number of words. The “ease 

of understanding or comprehension due to the style of writing” is known as readability (Klare, 

1963, as cited in DuBay, 2004). Readability plays an important role in motivation to read (Fry, 

2006) and should therefore be taken into account when writing scientific literature. Articles 

with a higher readability are more accessible to foreign students and scientists as the 

language used will better suit their linguistic abilities, and the length of the text is shorter, 

improving comprehension (Leow, 1997). 

Readability can be measured using various formulas. The Flesch-Kincaid and Flesch Reading 

Ease scales are the most common and are best applied to upper elementary and secondary 

school texts (Kouamé, 2006). Other popular formulas that are perhaps more suited to 

scientific texts include Fry Graph, Gunning FOG and SMOG (Fry, 2006; Kouamé, 2006). These 

formulas typically rely on the average sentence length, the number of syllables per word 

and/or the number of long words as variables to determine the readability level of a text. A 

newer method, called RMM (Reading Maturity Metric), and 30% more accurate according to 

their own reports, uses more advanced methods that takes into account the maturity level of 

each word (in context), the complexity of the syntax and text structure (Pearson Education, 

2014). 

Readability metric support in common writing software is limited. Microsoft Word supports 

the Flesch-Kincaid and Flesch Reading Ease formulas, but these are not highly suitable for 

scientific writing and can only be accessed by performing a spelling and grammar check on 

the entire document. 
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2.2. When presenting scientific literature 

2.2.1. Presentation of text (legibility) 
While readability is concerned with the writing style of a text, legibility focuses on the 

presentation of the text (Fry, 2006). It is likely that much improvement can be made over the 

all too common made-for-print PDFs. There is an extensive amount of research available on 

legibility of on-screen text. Although it is said that screen legibility had already caught up with 

paper in 1997 (O’Hara & Sellen, 1997), much has changed in recent years. Screen resolution 

is now very high and often reaches so-called retina display resolutions on small-screen 

devices. Still, research over the past decades can guide towards important variables and 

perhaps approximate optimal variable values. Such variables will be discussed later in section 

5.1, when determining specific design guidelines for the new concepts. 

2.2.2. Illustrations 
Illustrations can help comprehension and recall (Balluerka, 1995), as long as they are 

cognitively relevant (Harp & Meyer, 1997). However, they are often placed frustratingly in the 

traditional article layout. For example, they can be shifted to the next page for lack of space 

or otherwise separated from the text that references them. Referring to an image or table that 

was also used earlier in the text means the reader must go back to where it first occurred. 

2.2.3. Note-taking and highlighting 
The main issue found with reading academic texts from screens is the inability to easily mark 

up the text (by highlighting or adding notes), an important part of absorbing articles and 

studying in general (Thayer et al., 2011; O’Hara & Sellen, 1997; Rose, 2011; Vandenhoek, 2013; 

Mercieca, 2004). Around 80% highlight or take notes when reading journal articles from paper, 

but only about 29% do this when reading digitally (Thayer et al., 2011; Vandenhoek, 2013). 

Mercieca (2004) reports a lack of awareness among readers about highlighting and note-

taking features available in e-reader software. Although this has likely improved in the past 10 

years, the problem hasn’t disappeared. 

The result is that readers have to modify their reading practices, for example by taking paper 

notes while reading from screen (Vandenhoek, 2013). These modifications are usually 

impractical or the reading quality suffers as a consequence (Thayer et al., 2011). Paper affords 

a straight-forward, natural process of switching between reading and note-taking with few 

tools and no redirection of attention necessary. When reading from a screen, reading and 

writing are no longer seamlessly interleaved (O’Hara & Sellen, 1997).  

Thayer et al. (2011) differentiate between receptive reading, a more passive type of reading 

where information is consumed linearly and with little interaction, and responsive reading, 

where the reader interacts actively with the text, for example by using mark-up or by skipping 

back and forth. They identify that while the Kindle (and presumably, other e-readers) are 

suitable for receptive reading, their lack of mark-up capabilities harms the ability to read 

responsively. 

Additionally, the physicality of paper makes notes easily accessible (Thayer et al., 2011). The 

notes can be stored directly with the text (or separately if that is preferred), are clearly visible 

when looking at the article and are available wherever and whenever you would access the 

text. To ensure this is also the case for digital copies, reading applications will need to store 

a central copy of the text and your notes, to be accessed from any of your devices. 
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2.2.4. Navigation and page layout 
There is a certain loss of physicality that occurs when migrating print-optimised articles to the 

screen and, with that, a loss of understanding. Participants in Rose’s (2011) series of 

interviews report many frustrations relating to navigation. Firstly, students experience a 

weakening of the page-by-page structure, as physical pages become mere page numbers, 

often separated by little or flowing directly into one another. The scrollbar replaces the 

remaining thickness of a book as a progress meter. This intangibility makes browsing harder 

(O’Hara & Sellen, 1997) and reduces the ability to make cognitive maps of a text (Thayer et al., 

2011). Another consequence of intangibility is the inflexibility of spatial layout (O’Hara & 

Sellen, 1997); readers cannot spread PDF or e-book pages across a desk, for example. Rose 

concludes that screen readers feel like they have the text, but cannot own it. 

Rose (2011) continues to identify navigational problems related to the format of the article 

and its presentation on-screen, especially on PCs and laptops. The form factor of an A4 sheet 

of paper fits a PC or laptop screen rather badly, requiring either a zoomed-in and cropped view, 

a large amount of blank screen space, a dual-page view, or, even worse, a combination of 

these. Zooming in on multi-column articles, the most common layout, causes the need to 

scroll up when proceeding from the first column to the next. In general, the need to zoom in 

and out and scroll back and forth leads to bad continuity and readers often lose their place. 

This is a reason to prefer the e-book format over PDF, where some of these problems occur 

to a lesser extent (Mercieca, 2004). All in all, Thayer et al. (2011) conclude that the reader’s 

attention is shifted from content to process, which makes even e-books unsuitable for modern 

reading strategies such as skimming, although Kol & Schcolnik (2000) do not find this effect 

after giving helpful instructions to their participants. 

For making the content of the text more “skimmable”, Nielsen (1997) suggests bulleted lists 

to make the main points or otherwise limiting each paragraph to one idea or point and starting 

these paragraphs with their conclusion. This is in congruence with an earlier suggestion for 

multiple text versions. Authors could consider presenting top-level information in bullet 

format, while composing deeper levels according to the one-idea-per-paragraph and start-

with-the-conclusion mantras. Either way, authors should also highlight their keywords.  

2.2.5. Physical issues with PC / laptop reading 
Rose (2011) finds a number of problems relating to the physical aspects of devices that 

students face when reading from screens. The screen itself can form an obstacle between 

reader and information. Students find themselves hindered by reflections, glare and often end 

up staring at the screen itself rather than focusing on the text. They also report being more 

easily distracted due to the increased number of on-screen stimuli not available on paper and 

the lack of occupation of the hands. Stimuli in the environment can prove distracting as well, 

and retreating to a quiet, private place is impossible with a PC and less than ideal with a laptop. 

It is suggested that skimming may be employed partially as a strategy to avoid distraction, by 

keeping the stimulation offered by the articles themselves as high as possible. Furthermore, 

students complain about the lack of physical comfort. One cannot “curl up” with a desktop pc 

or laptop like one can with a book. 

The natural solution to these issues is the e-reader. These devices currently offer e-ink screens 

that are designed to minimise reflections and glare. There are minimal distractions available 

due to limited screen space and readers can seek privacy and “curl up” as they wish with these 
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lightweight devices. However, as stated before, e-readers have issues of their own, mostly due 

to article formats and limitations in the applications that read these article formats. 

2.3. Current solutions 
There are many alternative formats in which scientific papers can be distributed that have 

advantages over the standard PDF format. However, none of these solve all the problems 

identified so far. This section takes a look at some existing formats and highlights their strong 

and weak points. 

2.3.1. The EPUB format 
EPUB is currently the official standard e-book format of the International Digital Publishing 

Forum. Its main advantage over PDF is the flexibility in text presentation. Applications can 

reformat text and images as necessary for optimal screen presentation and readers can alter 

font sizes and styles if they wish.  This removes much of the need to zoom and scroll on e-

readers. Consequently, readers prefer this format over PDF (Mercieca, 2004). 

Unfortunately, reformatting for screen size also removes the fixed nature of pages and page 

numbers. This could potentially make it harder to create a mental map of a text, especially 

across devices or when changing zoom levels. 

2.3.2. The PubReader format 
PubReader is a relatively new format introduced in late 2012 by PubMed Central as a browser 

equivalent of the EPUB format. Although only used by PubMed Central so far, it is open source 

and can therefore be implemented by other publishers and repositories with access to source 

material (similarly to EPUB). 

PubReader content is automatically resized to fit the browser window on mobile, tablet or 

laptop/PC, displaying multiple columns if necessary. Its appearance is much more pleasant 

than that of a PDF and it boasts the same navigational advantages (and disadvantage) as 

EPUB. Additionally, images can be accessed freely and zoomed in on easily, as was suggested 

earlier in this text. 

However, PubReader completely lacks mark-up features, which are highly important. This is 

in contrast to PDF and EPUB that, while not providing these features in an ideal manner thus 

far, is at least possible to some extent in certain applications. 

2.3.3. RSVP 
RSVP stands for Rapid Serial Visual Presentation, which, when used as a speed reading 

technique, requires dynamic presentation of text that is flashed word-by-word in a single 

location. Services like Spritz make it possible to turn any text into optimal RSVP format. 

RSVP on the whole does not fit with (modern) scientific reading. It is not possible to skim an 

RSVP text and the presentation would need to be paused to contemplate a particular idea. It 

becomes hard to take notes when there is no text to simply refer back to. Nevertheless, smart 

integration of RSVP technology into future article reading applications could help reduce 

reading times and perhaps aid with focus as well. 

2.4. Study overview 
According to the current literature, reading scientific articles from screen has many 

drawbacks. Even reading from paper does not align with modern reading strategies employed 
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when reading from the web. Although there is good work comparing the experience of reading 

electronic articles to that of printed articles, little is known about the experience of reading 

from paper and, given the fast-moving nature of technology and use of technology, some 

results may no longer be valid. 

This research comprises two explorative studies that work towards possible concepts for 

scientific article formats, a design phase that takes these results and develops them into 

working prototypes, and two evaluative studies that assess the usability and feasibility of 

these formats. 

The goal of the first explorative study was to gather current students’ experiences with paper 

and on-screen articles in order to identify a main shortcoming of paper and digital articles that 

could be resolved with a new digital format. This was achieved using a mostly quantitative 

questionnaire, which generally indicated that the issues brought up so far do indeed apply, 

and identified article length and depth as the major issue to be worked on. 

The second explorative study gathered ideas for potential solutions from students via focus 

groups, using article length and depth as the main problem factor. Various designs and 

implementations were discussed and three concepts were created as a result. 

These concepts created from the focus group findings were then developed into working 

prototypes and employed in the first evaluative study for usability tests. The goal of these 

tests was to determine whether these new prototypes reached the desired characteristics of 

a usable digital format that takes modern reading habits and strategies into account. 

To conclude, the final evaluative study investigated the feasibility of these new article formats 

from the point of view of the author. This study comprised interviews with a number of 

scientific authors and resulted in valuable feedback on the possible reception of these new 

formats, as well as suggestions for an eventual introduction of one or more of these formats. 

3. Explorative study 1: Exploration of problem space 

3.1. Introduction 
Our empirical research starts with a questionnaire taken by over 500 readers of scientific 

journal articles. This survey gathered quantitative and qualitative data about readers’ 

experiences with recently read articles on different devices and using different file formats. 

The aim of this study was to measure attitudes towards different reading technologies, 

including paper, and specific aspects of articles, including article length and the depth of 

information. Additionally, data was gathered on reading strategies, to verify the assumption 

that reading strategies differ between technologies. 

3.2. Method 

3.2.1. Participants 
The questionnaire was started by 518 participants, of which 510 entered data about their 

recently read articles and 334 fully completed the survey. Respondents were recruited online 

via Reddit (in academia and science groups) and Facebook (on the personal news feed and in 

student groups). Readers were encouraged to share in groups and among contacts. 

The description specifically targeted students and researchers who had read at least one 

scientific journal article in the last two weeks. Out of participants who completed the survey, 
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80% identified as students (26% bachelor’s, 23% master’s, 31% PhD) and 20% as working, with 

1 additional high school participant. The group of participants was 69% male with an average 

age of 26.7 (sd = 5.9). 74% indicated English as their first language. 

Two prizes were awarded by means of a raffle, with an approximate value of €150 each. 

Participants could choose between a Kobo Aura HD e-reader and an equivalent value gift card 

to an unspecified store. 78% of completed respondents opted to take part in the raffle, of 

which approx. three quarters preferred the gift card over the e-reader. 

3.2.2. Design 
The questionnaire used mainly quantitative questions to assess satisfaction with article 

reading and other experiential factors. Additional qualitative questions were included to 

supplement and potentially reveal missed problems. The survey made a distinction between 

three main technologies: paper, PC and mobile. The PC category included desktop, laptop and 

netbook/Chromebook-type computers. The mobile category included e-readers, tablets and 

smartphones. 

The main part of the questionnaire, following the demographics, was divided into three stages, 

each stage relating to a device category. If participants had read or partially read an article in 

the last two weeks using a device in a device category, they would be asked to recall that 

article and were presented with questions about that article specifically. The time frame of 

two weeks was chosen to ensure a certain level of memorability. The questions were limited 

to the last read article to avoid a central tendency in responses. 

The questions for each device category were divided into three sets. The first set of questions 

for pertained to more objective aspects of the article. How long was it? How much of the 

article was read? Which specific type of device was used and which file format (for PC and 

mobile articles)? Which reading strategy was used? 

The second set asked about participants’ satisfaction with five aspects of the article: overall 

reading experience, writing style, presentation style / design, ease of reading illustrations and 

tables, and ease of highlighting and taking notes. Responses were given on a 7-point scale, 

ranging from very unsatisfied to very satisfied. A not sure option was included. Participants 

were also given open fields to name further aspects of the article, device or file format that 

contributed positively or negatively to the reading experience. 

The final set consisted of 12 statements that described aspects of the reading experience, 

geared to learning more about participants’ ability to understand, concentrate, navigate and 

remember, as well as their preferences about article length and their subjective pleasure while 

reading. Responses were on a 5-point scale, from strongly disagree to strongly agree, with a 

not sure option available. 

After completing this cycle for all three device categories, participants could suggest what 

would motivate them to read more articles from each device category, including those they 

had not read from. Finally, they could comment openly on the topic and on the questionnaire 

itself. 

3.2.3. Procedure 
The questionnaire was hosted online via thesistools.com, a free service for creating surveys. 

Participants using the link to the survey were presented with an informed consent page before 

being able to answer questions. 
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After an initial set of demographics, participants were asked about their recent reading from 

various devices. If they had read at least one paper in the previous two weeks from a device 

category, they were presented with further questions about the last read article from each 

device category. If not, they would skip the section and move on to the next device type. 

After the three device types were completed, a final set of open questions was displayed with 

which respondents could add their final thoughts about the device types and the questionnaire 

itself. Following this, the final screen asked whether participation in the giveaway was desired, 

and if so, to provide an e-mail address and choose a preferred prize. 

E-mail addresses were immediately separated from the results, and deleted once the survey 

prizes had been successfully awarded. 

3.3. Results 
The results are grouped into several sub-sections that each relate to one or more of the 

research questions for this study.  

3.3.1. Technologies 
Our findings indicate that the PC was the predominant reading device type among 

respondents, with 92% having read an article from PC in the last two weeks, as opposed to 

19% for mobile and 51% for paper. Of these PC readers, 63% used a laptop, 36% a desktop 

computer and 1% a netbook. Mobile readers tended to use tablets (66%) or smartphones 

(31%), with just one paper being read from an e-reader. Working participants were slightly less 

likely (91%) to have recently used a PC for article reading than other groups (97%). 

PDF was by far the most common format, making up 93% of papers read from PC and 80% 

from mobile. HTML accounted for 6% of PC reads and 12% of mobile. The e-book and 

PubReader formats are still rarely used, with approx. 1% each. Figure 1 shows the distribution 

over all digital devices combined. 

 
 

Figure 1 - Relative frequency of different format types across all digital devices 

Participants’ comments indicate that the progression to digital reading is a necessary one. 

Cost to both the reader and the environment, and the requirement of a printer, were all 

frequently reported as reasons not to use paper as the preferred reading method. 

3.3.2. Reading strategies 
There was a clear distinction between reading strategies used for different devices (see Figure 

2). Mobile readers used a skimming strategy the most often (41%, vs 19% for PC or 11% for 
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paper). For paper and especially PC, a combination of skimming and concentrated reading 

was the most common (45% and 59%, vs 38% on mobile). Paper readers used a concentrated 

reading strategy twice as often as other device groups (44%, vs 22% for PC and mobile). Of 

mobile devices, skimming was most predominant on smartphones. These findings are 

corroborated by the reading metrics, as paper readers reported reading higher percentages 

(82%) of their articles than PC or mobile readers (71%) An independent samples t-test 

confirmed the significance of this difference t(320.7) = -4.456, p < .01. 

 

Figure 2 – Reading strategies across device categories 

3.3.3. Article length 
A substantial portion of respondents, 30.9%, would have preferred the article they read to be 

shorter, with an additional 29.9% responding neutrally. This varied across groups: bachelor’s 

and master’s students (M = 3.13, SD = 1.092) had a stronger preference for a shorter article 

than the PhD students and working professionals (M = 2.65, SD = 1.111). No significant 

difference was found between native English speakers (M = 3.01, SD = 1.114) and non-native 

speakers (M = 2.83, SD = 1.128). 

At the same time, a slight majority (51.8%) would have liked to have more in-depth information 

(27.2% neutral). No significant differences were found between groups on this statistic. 

Interestingly, no strong negative correlation was found (ρ = -.085, p = .052) between preferring 

the article to be shorter and desiring more in-depth information, indicating that the two issues 

occur simultaneously in an almost independent way. 

3.3.4. Presentation of text & illustrations 
Respondents were generally pleased with the design of papers, with only 12.4% reporting 

some amount of dissatisfaction (7.7% neutral). Satisfaction was lower for mobile readers than 

for paper or PC readers. This was reflected in the responses to the open questions in which 

42 participants said a more dedicated format would convince them to read more from mobile. 

The ability to customize formatting, such as font size, was suggested by nine, although the 

fixed layout and consistency of PDFs was also often regarded as positive. 

Illustrations formed a problem more often, with only 62.8% being satisfied to some extent. 

Satisfaction scores were much lower on mobile devices (see Figure 3). They also received a 

fair amount of attention in the comments, with the main positives being well thought-out 

figures and the ability to view clearly and the biggest complaints being bad placement, lack of 
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colour, small size/resolution, and bad design. Many participants wished to see more 

interactivity with figures, and richer media in general. 

 
Figure 3 - Satisfaction with illustrations 

across device categories (95% CI) 
(1 = very unsatisfied, 7 = very satisfied) 

3.3.5. Note-taking and highlighting 
Large differences were found in satisfaction with note-taking and highlighting between paper 

and digital devices, with smartphones scoring by far the lowest (see Figure 4). Only 2.9% 

expressed some form of dissatisfaction on paper, versus 32.8% on PDF. Interestingly, the level 

of satisfaction with note-taking was higher for bachelor students (M = 4.89, SD = .169) than 

for others (M = 4.13, SD = .118) (see Figure 5), even when filtering for only articles read on PC. 

         
Figure 4 - Satisfaction with note-taking                   Figure 5 - Satisfaction with note-taking 

across device types (95% CI)   across program types (95% CI) 
(1 = very unsatisfied, 7 = very satisfied)  (1 = very unsatisfied, 7 = very satisfied) 

Note-taking and highlighting was mentioned very often when respondents could answer 

openly. It was suggested 54 times as a positive aspect of reading from paper, and only once 

negatively due to a lack of space on the page. Opinions on PDF reading were more divided, 

with 32 mentioning it in a positive light versus 57 negative. Seven specifically addressed the 

benefit of using touch or stylus on tablet devices for taking notes or highlighting, while nine 

stated they were not satisfied with this experience. 60 participants said they would read more 

articles from PC if there were better notes and highlighting features. Likewise, 42 would read 
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more from tablet or other mobile devices with improved support for notes. In defence of digital 

note-taking, several participants addressed a problem with writing notes on paper: if you lose 

the article, you’ve also lost your notes. 

3.3.6. Navigation 
Participants frequently used the open comments to voice their opinions about navigating 

using different technologies. Ten respondents named the ability to quickly skim articles as an 

advantage of using a PC. Another ten pointed out the ability to quickly scroll or hop around on 

PC and a further 20 mentioned the CTRL+F search feature, both of which would help support 

a skimming strategy. Respondents frequently missed the search function when reading from 

paper. However, results showed that participants did not perceive a difference in ease of 

finding specific information between PDF and paper articles. Positive responses regarding the 

ability to flip pages on paper tended to relate to the non-linear reading aspect of skipping back 

and forth, which was found by many to be difficult on PDFs. Tablets and smartphones received 

many negative comments relating to scrolling and navigation, mainly due to the screen size. 

 
Figure 6 - “I often lost my place”  

across program types (95% CI) 
(1 = strongly disagree, 5 = strongly agree) 

Regarding navigation, only 10.3% (7.5% neutral) said they did not always know what part of 

the article they were reading. However, a higher percentage, 19.8%, agreed that they often lost 

their location in the text (18.8% neutral). Bachelor and master students tended to get lost more 

often than the working group (see Figure 6). Furthermore, participants tended to know their 

position in the article better and lost their place less often on paper than laptop or mobile 

devices (see Figure 7 and 8). This was also reflected in the comments, where it was pointed 

out seven times that keeping place was easier on paper. 
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Figure 7 – “I always knew what part of the article           Figure 8 - “I often lost my place”  
       I was reading” across device types (95% CI)  across device types (95% CI)  
        (1 = strongly disagree, 5 = strongly agree)     (1 = strongly disagree, 5 = strongly agree)  

The availability of hyperlinks was a common theme in the open comments. Whether to help 

navigate to references, further sections, or definitions, linking was often mentioned as a 

positive aspect of PDFs when it was available, or a negative aspect of paper and PDFs without 

these features.  

3.3.7. Distraction & motivation 
Some amount of distraction was reported by 44.8% of participants (22.9% neutral). This was 

generally higher for PC readers (M = 3.35, SD = 1.080) than for paper (M = 2.93, SD = 1.166). 

Expressed instead as a motivation to keep reading, only 13.7% said they lacked this motivation 

(29.9% neutral). This motivation was somewhat higher for paper (M = 3.71, SD = .905) than for 

PC (M = 3.46, SD = .903). 21.9% of respondents agreed that they initially avoided reading the 

paper (17.2% neutral). Tablet devices scored best on this aspect (see Figure 9). 

 
Figure 9 – “I initially avoided reading this article” 

across device types (95% CI)  
(1 = strongly disagree, 5 = strongly agree) 
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3.3.8. Understanding & remembering 
Most respondents said they could easily understand what was in the article (73.2%, with 15.4% 

neutral). This does, however, leave a group of 11.4% that could not. This group was not 

significantly larger for non-native English speakers (M = 3.77, SD = 1.034 vs native M = 3.86, 

SD = .903). Eight participants commented positively on the clear language used in their 

articles, whereas 27 did so negatively about the writing style. Nine said they would read more 

articles if the language was easier or the writing was better. 

A small majority (59%) of participants said they could easily remember what was written in 

the article (24.5% neutral). This was generally lower for bachelor students and higher for 

paper-read articles (see Figure 10 and 11), although the negative correlation between the two 

should be noted. Several comments were made about articles read from PC being harder to 

comprehend and/or remember. 

          
         Figure 2 – “I could easily remember what was written    Figure 3 - “I could easily remember what was written 
         in this article” across program types (95% CI)      in this article” across device types (95% CI) 
            (1 = strongly disagree, 5 = strongly agree)           (1 = strongly disagree, 5 = strongly agree) 

3.3.9. Overall satisfaction 
There was a substantial tendency towards satisfaction over dissatisfaction regarding the 

overall reading experience, with only 10.2% of the papers read being described as 

unsatisfactory to some extent (6.9% neutral). This distribution of satisfaction scores was 

similar across (study/work) program types and no differences were found between those with 

English as a first language and those with English as a second (or higher) language. However, 

readers from paper reported being more satisfied than those reading from PC or mobile (see 

Figure 12). More specifically, smartphones received the lowest satisfaction scores. 

These numbers align with reported pleasure, where there was a strong positive tendency, 

albeit with a larger portion of neutral responses (28.8%). Again, pleasure scores were higher 

for paper than for other device categories. 

Among the final comments, 32 explicitly supported the need to study scientific articles in 

search for improvement. 



“I Never Read the Whole Thing”: Improving the Usability of Scientific Papers to Match Digital Reading Habits 
Lomas, J.A. (0638129)  /  Eindhoven University of Technology /  Human -Technology Interact ion Group / 2016  

19 
 

 
Figure 4 – Overall satisfaction 
across device types (95% CI) 

(1 = very unsatisfied, 7 = very satisfied) 

3.3.10. Other findings 
Multi-tasking was found to be a common theme among participants’ comments, both as an 

advantage of using PC for reading and as a point of improvement for mobile devices. 

Participants liked to be able to cross-reference and look up definitions, which is hard to do on 

a tablet or smartphone. Although paper does allow for multi-tasking to some extent, it does of 

course require a separate device for looking up definitions and cross-referencing, which 

restricts some of the freedoms that paper offers. 

The physical aspect of reading also featured often. Several participants talked positively about 

the ability to use touch and swipe to navigate on mobile devices, as well as the physical form 

and comfort of these devices. The comments about comfort on PC were all negative. Stylus 

pens were said to make note-taking and highlighting easier, which often forms a large problem 

as reported earlier. Nine comments spoke specifically about the physicality of paper being 

one of its strong points. 

The comments showed that a substantial group has certain needs when it comes to managing 

the articles themselves. Twenty-six participants praised the ability to use article management 

software as an advantage of the PDF format and many others regarded PDFs as easy to 

archive. However, a further 17 respondents saw article management as something missing 

from PC. Additionally, other formats, like HTML, typically aren’t supported by these programs 

and there were a few complaints about file organisation features on mobile devices. PDFs 

were generally reported to be easy to share, although there were many requests for better 

syncing and sharing features for both PC and mobile. The most often quoted advantage of 

mobile devices was the convenience of easily carrying a large number of articles with you. 

Opinions were more divided on paper, which was sometimes regarded as having a good 

portability, whereas others complained about the weight and space. Laptops were also 

considered by some to be heavy and even impractical during commutes. Additionally, paper 

articles were sometimes seen as difficult to archive and organise. 

The distribution chain attracted a great amount of critique, claiming that articles were hard to 

find and even harder to access, many of them being behind so-called paywalls. This was even 

the case when using university accounts, and the need to use those in the first place aroused 

some frustrations. This problem only seemed to be worse on mobile, where online journals 
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and search engines were said to support the screen format badly. Furthermore, the process 

of transferring from a PC to a mobile device seemed cumbersome. 

3.4. Discussion 
This study gathered recent, detailed data about problem areas related to scientific articles by 

means of a questionnaire among over 500 students and researchers. Although the overall 

level of satisfaction reported was relatively good, it was clear that there are some issues that 

could be impacting research on a large scale. 

Clear support was found for the assumption that reading strategies differ between PC and 

paper for scientific article reading. This is in line with earlier studies on changes in reading 

habits with the introduction of electronic media (Rose, 2011; Tenopir et al., 2009). This does 

not necessarily indicate causality. As brought up by several participants in the open 

comments, many people print articles for the exact purpose of concentrated reading. One 

could say that these comments strengthen the claims made: people make an effort to avoid 

electronic devices when they want to read deeply. 

Regardless of the technology employed, article length and depth of information were found to 

be the main issues experienced by participants across all device categories. While the current 

article length seems to form a decent middle road, there were very large groups that indicated 

needs for both shorter (31%) and longer (52%) articles, often simultaneously. Conciseness is 

a valued characteristic to some readers, but at the same time, there is a lack of in-depth 

information to others. Although this finding applied across all technologies researched, 

students in their bachelor and master phases, a crucial time in the development of young 

scientists, expressed a stronger need for shorter articles. 

Importantly, there appears to be somewhat of a paradox in that many respondents prefer both 

shorter articles and more in-depth information. This would support the notion of an adaptive 

reading experience, with the option to expand or collapse sections of the paper as the need 

arises. Digital distribution and presentation allow for more flexibility and opportunities to 

improve the user experience of digital reading in a more meaningful way than simply trying to 

emulate the physical paper experience. This will be the focus of further studies in this paper. 

4. Explorative study 2: Designing new formats 

4.1. Introduction 
Following the survey, we set out to explore the identified challenge of optimising article length 

and depth in greater depth, by collaboratively designing and discussing three potential new 

formats for scientific articles. Three focus group sessions were organised with university 

students. In these sessions, the identified challenges were introduced step by step and ideas 

for solutions were developed together. This resulted in three concepts for flexible, interactive 

article formats that employ summaries to give users control over depth and amount of 

information. 

4.2. Method 

4.2.1. Participants 
Three separate sessions were held with bachelor’s, master’s and PhD students. The first 

session was held with 4 bachelor’s students from Utrecht University. These participants were 
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recruited in person and using flyers on campus. The second session was held with 7 master’s 

students from Eindhoven University of Technology, recruited through Facebook groups and in 

person on campus. The final session was held with 5 PhD students, also from Eindhoven 

University of Technology, recruited in person and through flyers on campus. 

Other than being a student at one of above universities, the only requirement was that 

participants had some existing experience reading scientific papers. Participants were 

rewarded with €15 in cash for one 1.5 hour session. 

4.2.2. Design 
The sessions were made up of an introductory discussion about scientific articles in general, 

followed by several brainstorm and discussion sessions about the issues at hand. The 

problem was introduced step by step. First, ideas were gathered about making articles shorter. 

As a guideline, participants were given a number of aspects of the problem to consider: the 

approach to shortening, possible problems, and the looks and characteristics of a shortened 

article. This was repeated for the problem of readers missing information, and for the 

combined problem of satisfying the needs of both types of users. At each step, a conversation 

would take place about the brainstormed ideas. 

At the end of the second and third sessions, ideas from the previous focus groups were 

discussed. One of our own ideas was also introduced during this round. To avoid bias, this 

idea was presented as though it had originated from an earlier session. 

These sessions generated a large amount of qualitative data, describing participants’ opinions 

and ideas regarding interactive articles that would allow users to control depth and amount 

of information. This data was analysed to identify new ideas and concepts. Using the design 

sense and development expertise of the researcher, these ideas were then translated into 

three potential formats for scientific articles. 

4.2.3. Procedure 
Participants, upon entry, were welcomed, offered drinks, and presented with a consent form. 

After all had signed, agreeing to audio and video recordings (video recordings could be 

declined separately, but no participants opted to do so), the recordings were started. 

Each focus group started by participants introducing themselves, their studies, and talking 

briefly about the roles scientific articles play in their studies. The researcher, who acted as a 

moderator for these sessions, then explained that the session would be about aiming to 

improve scientific articles. Specific issues would be introduced later, after some general 

discussion for about 5 to 10 minutes. As a part of this introductory discussion, participants 

were asked for their immediate associations with scientific articles, and what they think 

makes a good article, or a bad one. 

The issue was then introduced that many readers prefer shorter, more concise articles. To 

warm participants up for thinking about this issue, they were asked to think back to longer 

articles they had read, and talk about strategies they had used to deal with longer articles. 

Then followed a brainstorm session, in which participants (who had been provided with pens 

and paper) were told to write down their ideas for making articles shorter. Several questions 

were posed as a general guideline: “How would you make an article shorter?”, “What problems 

could that create?”, “What does a shortened text look like?”, “What are important 

characteristics of a shortened text?” Participants were reminded that they could stray from 
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traditional media, and come up with ideas that are only possible digitally. They were given 

enough time to think until they had finished writing down their ideas. This took usually about 

5 minutes. The ideas were then discussed with the group for about 10 to 15 minutes. In some 

sessions, depending on the ideas proposed so far, the researcher then asked participants to 

relate these to current desktop, laptop and mobile technology. What would be an intuitive 

interface for operating the suggested features on these devices? This process was repeated 

with the problem of many readers preferring more depth of information than is often available. 

Once ideas had been collected for shortening articles as well as for creating more depth, the 

combined problem was introduced. In a similar way, participants were asked to think about 

how to set up an article that allows readers to read through the article quickly, while also being 

complete in its content. Ideas were written down and then discussed, like before. 

For the last two focus groups, to round up the sessions, any ideas conceived in earlier 

sessions were also presented to the group and discussed, unless they had already come up 

organically.  

4.3. Findings 
The findings were analysed by taking relevant quotes from the three sessions and grouping 

them first by task, then by theme or idea. 

4.3.1. Shortening articles 
Some comments were made on writing styles, suggesting that authors could simply switch to 

more concise writing styles and simpler sentences. A more common suggestion was simply 

to leave information out. Authors could really cut down the information to the bare necessities. 

However, a concern shared by most is that this may alienate and exclude everyone who isn’t 

an expert. As informational needs are different from user to user, the author may unwittingly 

remove text that is important to a certain target group: 

“… that you might unintentionally lose information that really is important, but 

you didn’t know that at the time.” –Session 1, Participant 2 (translated from 

Dutch) 

When discussing sections that could be cut out, the Method section was usually the first to 

come up, but also the most controversial. While an in-depth Method section is not necessary 

to generally understand the research, according to some participants, others worry about the 

ability to correctly perform further research, replicate studies and accurately judge a study’s 

quality. The structure that Nature uses, which focuses on findings and background rather than 

methodology, came up in two different sessions. Although it was described as concise, it 

doesn’t work for everybody: 

“I feel it's a bit too concise. It's difficult to know... it's difficult to actually 

evaluate the quality. You just know it's in a high prestige journal, but it's 

difficult for you yourself to evaluate, because it's too short.” […] 

“I don’t care about page limits of journals, so I’d prefer the longer…” 

[agreement follows from the group] –Session 3, Participant 3 

Regarding more mathematical papers, one participant said equations could actually be 

explained more in text. Even though it would make the text longer, readers would be able to 

read through it more quickly. A participant from a different session agreed that making 
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explanations regarding equations shorter would make it harder to read, and possibly 

inaccessible to relative novices. This notion was mirrored in the second session regarding 

general text as well: the more condensed it is, the harder it is to read. This is another issue 

with the ideas given above. 

In relation to removing basic information, it was commonly proposed that this could be made 

available elsewhere. One participant suggested relying on heavier use of references and not 

replicating or rewriting explanations of definitions, conclusions, methods, equations, etc. into 

the current paper. A more common solution was to make sections, mostly the Method section 

or parts of the methodology, available as some form of supplement, like the appendix or an 

external document that is linked to from the article: 

“I really agree with you [Participant 1] on that. I think the article should be a 

summary of your outcomes and maybe some full reports, you can download 

them or something if you're really interested or something. Because mainly 

when I read an article, I just want to read the conclusions, and if I want to 

reproduce that work, then I can download a full report and indeed look at 

videos to see exactly what they've done, stuff like that.” –Session 2, 

Participant 6 

One of the PhD students was not so keen on this solution: 

“Well, actually it's not so positive. Sometimes, I would say, because this is 

about shortening an article, this is the way to make it shorter, but I don't like 

it that much. Sometimes I feel like I would even want they just put the Method 

part there, because otherwise I need to read a supplement document and 

sometimes I need to refer back to some introduction - why you use this 

method? Then you go back and forth in two documents. So, I don't particularly 

like the split.” –Session 3, Participant 3 

With the first group, there was already some talk of creating two separate versions at this 

stage of the session. One student suggested having a separate, shorter version that is linked 

to in the same way that full text PDFs are linked to from the web: 

“Because you always need to press a button to open the PDF anyway, so you 

could just add a button to that.” –Session 1, Participant 4 (Translated from 

Dutch) 

Some ideas were generated regarding solving the issue through different formatting. In the 

2nd session, one student had the idea of indicating supplementary materials or less important 

information within the text, for example by using a background colour, like in text books. 

Another replied that this would still make the article feel long: 

“Better to push it away until the end, because we start from the beginning, and 

then we can stop at that point and we know that it starts from here. We know 

the length of the main article, so we have in our mind set that this article is 

only like 6 pages, so I can complete it within a few hours or something.” –

Session 2, Participant 1 



“I Never Read the Whole Thing”: Improving the Usability of Scientific Papers to Match Digital Reading Habits 
Lomas, J.A. (0638129)  /  Eindhoven University of Technology /  Human -Technology Interact ion Group / 2016  

24 
 

Using clear headings and subheadings to create a clear structure was proposed as a potential 

solution as it allows readers to more quickly navigate to the relevant parts of the text and 

could also help to avoid repetition. 

“I also wrote ‘clear structure’, but it doesn’t completely relate to making a text 

shorter? In my head it does, but I’m not sure how to explain it. What it looks 

like: it’s structured and has subheadings, so you know where to be in the text.” 

–Session 1, Participant 2 (translated from Dutch) 

One participant even suggested using bullet points and received positive feedback on that 

idea, but also noted a potential downside to that approach: 

“I think bullets make it shorter, because you are forced to write short details, 

short sentence, compared to the paragraphs. And also, we can just remove 

words which do not directly influence the content of the article, but like 

[Participant 5] said, maybe the article will become boring, because of the 

content, followed by content, followed by content... Hard to read...”  

–Session 2, Participant 4 

Increased use of illustrations and visualisations was a common theme among students’ ideas, 

as a way to cut down on text. 

“Because sometimes they're just telling a whole story about something and 

you could just put it in one figure and it will be better to understand than to 

read.” –Session 2, Participant 5 

But others noted that not everything can easily be visualised, and that it’s not all that rare for 

visualisations to be unclear, making a lack of a text explanation risky: 

“If it's a good visualisation I think it works, but there are also a lot of bad 

visualisations, and then you just don't get the graphs, so you don't get the 

article... [agreement] Then you've missed the point.” –Session 2, Participant 

6 

A better alternative might be video, a medium liked by many participants. One of the bachelor’s 

students had performed a computer experiment and captured it in a 30-second video that 

would otherwise have required two pages of text. It can also give viewers a richer feel of the 

experiment. 

4.3.2. Providing more depth 
Participants in the first session suggested giving extra information by way of clear references 

and other links to outside sources, but with the necessity that the links are directly to the 

relevant information in those sources: 

“Because then you read that article, but it’s hidden away somewhere or 

something, so if you add references like that, they need to be good ones, that 

they are actually about that term and not that it’s just explained somewhere, 

because then it’s really… you lose the flow completely.” –Session 1, 

Participant 4 

When talking about more depth, participants in the first session often referred to providing 

definitions of difficult terms. The method initially suggested for doing so was by way of a 
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popup or tooltip of some kind, but eventually most of them decided that approach could be 

annoying if it could be triggered accidentally, or if it caused a lot of clutter on-screen. 

Additionally, these situations cover information that is mostly available externally. A true 

solution to this problem includes a method of providing unique information. 

As was suggested as a way of making the article shorter by moving information to a 

supplement, such as an external document or appendix, a common idea was to also provide 

more information about the research in that way. With the first focus group, this idea and the 

popup idea evolved into the use of a ‘see more’ button, and subsequently the concept of 

making supplementary information available in a collapsed section, which also came up in the 

second session: 

“Maybe the ‘see more’ things would be better. That you can click on it and it 

slides out a bit or something. Then you have a few lines and you can throw it 

away again. That way you stay in the same screen, you expand it. 

[agreement]” –Session 1, Participant 3 

“The title of the hidden information can be varied, based on the context. For 

instance, you can give calculations, and in the introduction part, you can 

include more information like, more background information, something like 

that. Depends on the context which you are going to provide.”  

–Session 2, Participant 1 

The rest of the first group agreed that this would be a good solution, providing the 

supplementary text not be so long as to push the ‘regular’ text off the screen. This was then 

compared to the mobile version of Wikipedia, in which sections are initially displayed closed, 

but can be easily expanded to view a particular topic: 

“Let’s say it’s a really long article. If you divide it in that way, then you don’t 

have that feeling beforehand of ‘woah, that’s a lot!’, but it looks smaller and I 

think for me the threshold is lower to actually read the whole article section 

by section.” –Session 1, Participant 3 (translated from Dutch) 

Two of the bachelor’s students said that they would prefer to see the whole article at once, so 

they know what to expect, look at the figures, and get an overview of an article. It was agreed 

that having buttons to expand and collapse all supplementary sections would be an adequate 

solution to this problem that would suit everyone in the group. 

Like for shortening articles, using various media, like illustrations and videos, to provide extra 

information was a common thought. One participant suggested including figures such as 

mind maps to give readers more insight: 

“Maybe for example in the paper, you have a step-by-step and you can make 

a figure of the - maybe - mind map, which is explaining about how you tackled 

the problem in that paper. That will also help a lot. I think figures is helpful, 

and also it doesn't really matter in terms of long article. It doesn't give you 

more time to read, it's just figures.” –Session 2, Participant 4 

Additionally, interactive tables could be employed to provide more information about 

calculations: 
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“I think when you are missing the calculation it would be nice to have the code 

that did the calculation. And make an interactive table or something? When 

you click on a number, that you get the calculation.”  

–Session 2, Participant 5 

Regarding navigation, there were several ideas for making this easier for longer articles. For a 

start, it should have many clearly titled subsections and a navigation bar. One participant 

reported (partially) reading a very long (300-page) report that had a particularly visual 

navigation, using different colours for each chapter and incorporating icons relevant to each 

chapter’s content. 

4.3.3. The combined problem 
When being asked how to deal with both challenges within a single article format, one of the 

master’s students described a system whereby every section has its own summary, and 

everything in the article can easily be opened in new tabs for switching back and forth: 

“Yeah, sure! Maybe what you could do is start with a sort of larger abstract of 

the paper, and then of every section in the paper create a small, linear 

abstract, and you can click on the abstract and in a new tab opens the full 

section with details and figures, and links to background material if 

necessary. And because you have the tabs, you can easily switch between 

sections, so if you're reading the conclusion and it refers to another section, 

you can just look back and instead of scrolling, just look 'what did they say 

there?' Maybe a bit like a Wikipedia-like system. Where you can just click on... 

and you can open multiple tabs.” –Session 2, Participant 7 

This solution was generally well received, with most participants in that session preferring the 

approach of separating summary and full text versions: 

“We can get the main idea of the introduction without reading through all the 

sentences. So I think this is basically the separation of the main idea and the 

details.” –Session 2, Participant 4 

One participant, however, was worried about reading too much duplicate information, 

preferring an approach that only displayed supplements. Also, as was mentioned in an earlier 

task, shortened versions of the text may suffer from a high information density, having a 

negative effect on the readability. 

The same idea was brought up by students in the first focus group, with the addition that the 

full text version would have expandable definitions for terms. In response, another student 

offered their idea of having one shorter version, with expandable sections for supplementary 

information. These supplementary sections would contain information that would normally 

be in a full length article as well as information that would normally be left out. The idea of 

having expandable sections within other expandable sections was talked about briefly, with 

the clear conclusion that there should be a limit on the number of nested expandable sections. 

A similar discussion took place in session 2, with multiple students behind this idea of 

expandable sections, also noting that there should be a limit on depth. 

One student took this idea a little further, suggesting that each section should have a short 1 

or 2-sentence summary with the option to expand to the full text: 
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“Mainly the first sentence of the paragraph is the main idea of this paragraph, 

so what they can do is like you put a short version there, the first one or two 

sentences of a paragraph. If you click them, it will extend it to the full version 

of the whole paragraph, and then you can click and it will show again. So it 

can very convenient for you to picture the whole structure of the article. You 

can easily navigate where you want to.” –Session 3, Participant 1 

However, another student responded that this might make it difficult to play with multiple 

ideas in one paragraph or subsection. 

This was generally preferred over an appendix-style approach, as that would require scrolling 

up and down, unless the materials could be opened in a new window easily. 

In the second and third sessions, the researcher introduced the concept of an article in which 

one could ‘zoom in’ to a particular idea by clicking on it, thereby revealing more information 

about that concept. The main finding was that it was hard to bring across this concept to 

participants without being able to show them. Participants agreed that there should be a 

limited amount of depth, like with the expandable sections, and proposed the viewing of the 

‘zoomed in’ version in a separate pane, parallel to the main article, with the option of opening 

it in a new tab as well. 

The idea of being able to open sections in new tabs came up several times, indicating that a 

browser-based interface would be ideal for scientific articles. One student thought it would be 

better to have dedicated reading software for papers, but a web app could also provide that 

experience. The main downside of a web-based interface is that pagination is usually lost due 

to varying browser sizes, resolutions and settings. 

For definitions, one of the PhD students proposed that, instead of the author writing and 

including definitions in the article as some form of hover-over, it could link to external sources 

or a Google search. 

As with the earlier tasks, the ideas of interactive figures and videos came up. One participant 

from the third focus group described creating a video explaining and perhaps showing the 

methods. Another talked about an animation studio that creates videos explaining new 

theories. The main concern with these approaches was cost, as all students appeared to be 

in favour of more video-based articles from the user’s perspective. One student from the first 

session suggested using images to convey certain ideas in a more basic format, then linking 

to videos for more in depth information. On how figures should be displayed, one participant 

offered the idea of hovering over the reference to bring it up. In a similar vein to video, the idea 

of using voice presentations was brought up, as a perhaps easier and less appearance-based 

alternative. 

In this round, participants had a few new ideas for navigation. A more networked navigational 

structure was suggested as an alternative to the traditional linear style. Furthermore, one PhD 

student came up with the idea of displaying sections in the navigation bar according to the 

size of their content: 

“Like, if you have a very, very long introduction, and a very short the rest part 

of your article, if you had like a search in something in the introduction, you 

don't know whether this is the end of the introduction or not. Because the left 

side only shows: 'introduction' part. If you can show then this is the end part 
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of the introduction, you might know yeah I just give up because I don't find 

anything. It adds the absolute distance on this navigator bar.”  

–Session 3, Participant 1 

As far as the general implementation goes, one participant suggested that the front page 

should consist of an abstract and certain highlights or key points from the article, with a link 

to proceed to the full text. Given the increased complexity of articles with multiple levels of 

depth, one participant noted that it would be useful to be able to bookmark the current position 

to be able to easily return to it later. It should also be made possible to adjust the font size, as 

different users may have different preferences. 

Some concerns were raised about these approaches in general. Although these systems 

would be good for the reader, there were worries that it would require too much extra work 

from the author: 

“You should also consider - I mean the writers don't really have so much 

energy to learn a totally new, different way of writing.”  

–Session 3, Participant 3 

4.4. Conclusion 
The findings could be categorised into two main groups. Firstly, there was the general idea of 

rearranging the structure of the text in a way that makes it possible to quickly get a grasp of 

the article while making a potentially large amount of information available easily. The default 

view is then a less verbose version of the text that raises the main points for each section, 

with full details available to those interested. This provides an overview for each section. 

Readability can easily be taken into account in these new sections, without sacrificing detail 

or precision, as ‘top-level’ versions of texts can be written to be shorter and easier to 

understand. Additionally, this approach could lower the perceived effort required to read an 

article. 

Secondly, there was the idea of enriching the text with digital media such as videos and 

interactive figures. The decision was made to purely focus on the first type of idea, as use of 

interactive media is already being explored in the field, and because creating media for 

existing research papers would be difficult to execute effectively. Users’ suggestions of this 

kind are summarised in section 5.5. 

Regarding the rearrangement of information in scientific articles, participants’ ideas pointed 

towards two different approaches. The first involved creating two interlinked, parallel versions 

of the article, in which one serves as a summary, and the other as a full version of the text 

(format 1). The second involved initially presenting only the most important information to 

users, with supplementary information being made available via expandable subsections 

(format 2). A third format concept, which would allow users to click on (“zoom in to”) text in 

order to obtain more detail about that topic, was suggested by the authors and also carried 

forward for further research. Users’ suggestions were gathered for this format and 

incorporated into the design. 

Participants’ suggestions were combined with the authors’ own design insights and relevant 

findings from previous research to formulate three concept formats. These concepts, and 

their prototypes that were then developed, are discussed thoroughly in the next section. 
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5. Design phase: Three new format concepts 
The previous study resulted in the development of three new concepts for interactive article 

formats. Each format allows users to control the depth and amount of information, by making 

use of summary sections interlinked with full text sections in three different ways. 

For each format, the “Concept” subsection describes the ideas as concluded from the second 

explorative study, with input from relevant literature. The “Prototype implementation” sections 

detail exactly how these ideas were developed into prototypes for use in the evaluative 

studies. 

5.1. Common features 

5.1.1. Concept 
All three formats were conceived as browser-based applications designed specifically for 

reading scientific articles. The layout is broken up into well-defined areas so as not to distract 

from the main content. Articles have a clear hierarchical structure with many subsections, 

accompanied by descriptive headings. Sections can be indicated by using colours and icons. 

There is a navigation bar that allows users to skip quickly from one section to another. The 

navigation bar highlights current location and, ideally, also indicate progress within the current 

section. These points match the basic principles of webpage design by Nielsen (1997) and 

Krug (2005). Krug’s “You are here” metaphor emphasises the importance of users being aware 

of their current location. Therefore, a header indicating the current section is displayed 

permanently. 

Navigational links, and all other links, support browser functions for opening the link in a new 

tab. The browser ‘back’ button returns users to the section they were previously reading after 

using the navigation bar or other internal links. Users can easily bookmark locations for later 

reference. The entire document is searchable in all its versions at once. The front page 

displays the abstract and eventual highlights from the paper, with links to continue to the rest 

of the text. 

Annotations, such as definitions or references, are displayed in a sidebar. Other methods are 

possible, as long as the distance between annotation and main text is kept small, because 

their effect of improving comprehension and memorability of the text (Al-Shehri & Gitsaki, 

2010; Wallen et al., 23) is strongest when definitions are provided closely with the text (Al-

Shehri & Gitsaki, 2010). For narrow screens, hover-over/tap-to-view popups can be used. 

Tables and figures are accessible from any point from which they are referenced. As learning 

is better when image and text are physically close (Moreno & Mayer, 1999), accessing an 

illustration makes it visible in a way that is close to the text, without overlapping. 

The font size is user-controlled and, by default, around 14pt or larger (Bernard et al., 2001; 

Sheedy et al., 2005), as small font sizes can cause visual fatigue (Lin et al., 2013). A trade-off 

is likely made between legibility of individual letters and words and amount of text presented 

on-screen. Research indicates an optimum of around 55 characters per line (Dyson & 

Haselgrove, 2001; Bernard et al, 2002) and that a large (~60) number of lines is preferred on-

screen at once (Dillon et al., 1990). Text should be dark on a light background (Erdogan, 2008; 

Zuffi et al., 2007) and use a typeface optimised for screen (Ali et al., 2013; Erdogan, 2008; 

Sheedy et al., 2005). Evidence for serif vs sans-serif typefaces is conflicting (Ali et al., 2013). 

That being said, it is not simply a matter of using researched optimal legibility settings for 
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each variable, as the relationships between variables are highly important as well (Dyson, 

2004) and generally aren’t taken into account in these studies. Dyson highlights the 

importance of a “designer’s perspective” when optimising for legibility. Studies show that well-

designed web pages in work and learning environments can contribute significantly to results 

and completion rates (Duin, 1988; Szabo & Kanuka, 1998). 

5.1.2. Prototype implementation 
The prototypes were built using PHP, MySQL and JavaScript technologies, optimised for 

viewing with the latest Google Chrome browser on a Windows 7 laptop. 

The basic layout and formatting was the same for each format. A grey (#edeff0) background 

was used for the main body, with darker sidebars left and right (see Figure 13). The typeface 

Lato was used for titles; Open Sans was used for body text, buttons and other elements. Font 

sizes could be adjusted in two ways: by using dedicated icons in the left bar, and by using the 

browser’s built-in zoom features. Furthermore, the left sidebar contained a search function 

that could also be accessed using the CTRL+F keyboard combination, and a media area that 

displayed references and links to figures and tables that were referred to in currently on-screen 

text. 

The centre area was used to display the main body of the article, in a way similar to that of a 

PDF file. Media (literature or figure) references were displayed in italics and highlighted lightly 

using a grey background. Moving the mouse over a media reference triggered that media to 

be displayed in a more prominent place in the left sidebar and also highlighted the reference 

in a darker shade. 

The right sidebar was used for navigation. Each section link was displayed as a solid block, 

containing the section number and title at the top. Subsections were displayed nested in their 

parent sections’ blocks, with a slightly darker background shade. Titles of sections that were 

currently visible were displayed with black text, with other sections being displayed in grey. 

Each section block was sized approximately proportionally to its section’s contents using the 

CSS flex-grow property to determine display size. 

When opening a paper, the abstract was always displayed first. Users then had one or more 

options for navigating to the main paper, depending on the format. 

5.2. Format 1: Parallel versions 

5.2.1. Concept 
During the focus groups, two different potential implementations emerged: one in which there 

are two separate versions of the text (a summary and a full text), and one in which there is 

one main text (a summary) that links to in-depth pages about individual topics. We reasoned 

that the first would be preferred as it allows users to continuously scroll through the full text, 

as is currently possible with PDFs. With this approach, users can to switch back and forth 

between summary and full text versions, skipping straight to the matching place in the other 

version of the text. Each version is accessible from the abstract page and, conversely, the 

abstract is accessible from each version of the text. 
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Figure 5 - Screenshot of prototype for Format 1. The user’s mouse hovers over the first reference 

5.2.2. Prototype implementation 
On the front page, that displays the abstract, an empty navigation bar was displayed. Users 

were provided with two buttons: “Read summary” and “Read full text”. Additionally, three tabs 

were displayed at the top of the left sidebar: “Abstract”, “Summary” and “Full”, which could be 

used to navigate between different versions of the text. On these pages, the navigation bar 

allowed users to navigate within that version of the article. 

To the right of the title of each section and subsection, a link was displayed to switch between 

versions. In the summary version, the text of this link read “FULL TEXT →” in the full text 

version, this link read “← SUMMARY”, as can be seen in Figure 13. Clicking on this link took 

the user directly to the alternate version of that section. When using the tabs to switch version, 

the user was taken directly to the section that corresponded with the section currently 

displayed on-screen. 

For the first two (pilot) participants, the links to switch between versions were indicated by the 

icons “◀▶”, with a small message being displayed that the link could be used to “switch to 

summary” or “switch to full text” when the user hovered over the icons. 

5.3. Format 2: Expand-and-collapse 

5.3.1. Concept 
The general consensus was that this format should be displayed on one page, only showing 

the most important information by default, and having remaining information visible under 

collapsed subsections. The design decision was made to start each main section with a 

summary of that section and all its subsections. There is, at most, one level of nested 

subsections within another subsection. All further information is displayed under collapsed 

subsections, accessible with a mouse click or tap. This supplementary information is 

highlighted with a background colour. There are buttons to expand or collapse all sections at 
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once, for users that wish to have an immediate overview, and to give users the ability “restore 

order” after many sections have been opened. 

5.3.2. Prototype implementation 
Like with format 1, on the abstract page, an empty navigation bar was displayed. Only one 

option was given: “Read full text”. On this page, each main (top-level) section started with a 

summary of that entire section, prefixed with the text “Summary:” in a small font, as can be 

seen in Figure 14 (Note: this text was not present for the two pilot participants). Further 

subsections were displayed collapsed, with only the title being displayed in a grey block (see 

sections 1.2 and 1.3 in Figure 14). Hovering the mouse over a title brought up a small arrow 

(see section 1 in Figure 14): pointing down for collapsed sections; up for expanded sections. 

Clicking on the title bar expanded or collapsed that section. Furthermore, if a collapsed section 

was accessed via the navigation bar, it would automatically be expanded. 

 

Figure 6 – Screenshot of prototype for Format 2. The user’s mouse hovers over the first sentence 

For the six non-pilot participants, some sentences or groups of sentences (fragments) in the 

summaries would become highlighted when hovered over. The cursor would change to a 

pointer, indicative of a clickable link. This link would take the user directly to the subsection 

that the sentence referred to and expand it. The left sidebar would display a preview of that 

subsection. For the final two participants, this was simplified to a text that read: “Click to skip 

to: “, followed by the subsection title. 

At the top of the left sidebar, two buttons were displayed, “Expand all” and “Collapse all”, that 

would expand or collapse all sections on the deepest level currently open if clicked once, and 

then on subsequent levels if clicked again. 

Although the technical implementation supported multiple levels, only 1 level of subsections 

was used (i.e., there were no subsections within subsections). 
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5.4. Format 3: Zoom-in / zoom-out 

5.4.1. Concept 
This concept was formed by combining the author’s ideas for a “zoom-in-zoom-out”-like 

mechanism with user input from the final two sessions. In this concept, each sentence or 

group of sentences (fragment) summarises the content of a deeper level and acts as a link to 

that content. There is a maximum of three levels of depth. Shallow levels can be presented as 

bullet points, rather than continuous text, at the author or journal’s discretion. 

Each section is displayed on its own page. Navigation buttons are displayed in a way so that 

readers can continue on the same level of depth. Users can switch between levels by clicking 

on a fragment (‘zooming in’), by clicking on a link at the top of each page (‘zooming out’) or 

via a networked / hierarchical navigational structure. The link at the top of each page displays 

the content of the parent fragment. Zooming in could be done in a way that gives users the 

option of staying on the current page and displaying the zoomed in part in a sidebar or 

switching the entire page to the new level of depth. For example, one click to view in parallel 

and another click to switch to that page. 

5.4.2. Prototype implementation 
On the abstract page, a navigation bar was displayed that allowed users to directly skip to any 

section or subsection in the article. Additionally, three buttons were displayed: “Start reading 

summary (level 1)”, “Start reading regular version (level 2)” and “Start reading extended version 

(level 3)”. Pilot participants were not shown the “(level X)” part. The article was structured in 

a way, similarly to format 2, such that each parent section served as a summary to its 

subsections. For example, if sections 1.1.1 to 1.1.4 and 1.2.1 to 1.2.6 would make up the full 

text for section 1, then sections 1.1 and 1.2 would act as respective summaries of 1.1.1 to 

1.1.4 and 1.2.1 to 1.2.6 and section 1 would be a very brief summary of sections 1.1 and 1.2. 

The top-level sections were be referred to as “summary” sections on level 1. The intermediate 

depth sections were referred to as “standard” sections on level 2. The deepest subsections 

were referred to as “extended” sections on level 3. As such, if a user clicked on “Start reading 

extended version”, he or she would be directed to 1.1.1, and would not miss any information 

by skipping sections 1 and 1.1. The text of each section would be preceded by the name of 

the current level (summary, standard or extended) in a small font. In an attempt to strengthen 

the hierarchical relationship between sections and their subsections, an alternative notation 

of 1▹1▹1 was used with the non-pilot participants.  

When in any level other than level 3, including the abstract, each sentence or group of 

sentences (fragment) would become highlighted when hovered over, as can be seen in Figure 

4, and the cursor would change to a pointer. Each fragment corresponded with a subsection 

and served as a summary of that subsection. Clicking on a fragment would take the user to 

its corresponding subsection. While hovering, a preview would be shown of that subsection in 

the left sidebar, accompanied by the text “Zoom-in preview”. For the last 2 participants, the 

preview was removed, and “Click to zoom in to: “, followed by the child section’s title and a 

description of the level (summary, standard, or extended) was displayed instead, as can be 

seen in Figure 15. 
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Figure 7 - Screenshot of prototype for format 3. The user’s mouse hovers over the first fragment 

Each section or subsection was displayed on its own page. Therefore, navigating within or 

between levels always resulted in a new page being loaded. For navigating within a level, 

additional buttons were provided at the bottom of each section, allowing the user to continue 

on the current level, go back 1 section on the current level, or “zoom out” to a higher level (see 

Figure 15). Additionally, a link was provided at the top of every section to “zoom out”. When in 

level 1, these ‘zoom out’ links would take the user to the abstract. The “zoom out” button was 

not provided to pilot participants and the “zoom out” links and buttons instead were labelled 

“Up to …” instead of “Zoom out to …” for the first six participants. 

5.5. Interactive media 
These suggestions could serve as a basis for further research, but will not be applied in the 

present study. By using videos and interactive figures, the amount of text could be cut down. 

Videos should be kept short, and split into many shorter videos if necessary. Figures and 

models are interactive, giving additional information by letting the user hover over and click 

on different elements. The same applies to tables, that could show calculations when the user 

clicks on a particular result. Text explanations should also be available, for example for blind 

or deaf users, but not displayed by default. 

6. Evaluation 1: Usability testing 

6.1. Introduction 
The aim of this study was to test the prototypes for the newly developed article formats. Each 

format was evaluated based on mostly qualitative data gathered using a think-aloud protocol 

and several supplementary methods. Rather than comparing the various formats with each 

other and with paper or PDF, each format was evaluated independently, to reach a “go” or “no-

go” decision for that format. 
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It is important to determine whether the arrangement of information in any way obstructs use 

of the article. Do the designs cause any confusion that impedes reading and navigating? A 

failure on this point means that the format is clearly not usable for its basic functions. Then, 

do users understand the interactive features and how they work? Is there a clear 

understanding of how the summary and full text sections relate to each other and how to 

navigate between them? These questions deal with the usability aspect. 

In addition to being usable, the new formats must also be useful, providing added value over 

traditional formats. To determine this, we look at how the interactive features are used. How 

often are they used? With what intention are they used? Do users think these additions are 

useful? And how do they experience these interactions with the various formats? 

6.2. Method 

6.2.1. Participants 
Eight students took part in this study, of which 2 were bachelor’s students from Utrecht 

University and 6 were master’s and PhD students from Eindhoven University of Technology. 

For some purposes, the two bachelor’s students are considered part of a pilot study, as several 

changes were made to the prototypes following these sessions. Wherever differences 

between prototype versions are relevant, this will be indicated. Participants were recruited by 

contacting those who had expressed interest in study 2, but had not taken part. A €15 cash 

reward was given to each participant, in exchange for 1.5 hours of their time. 

6.2.2. Design 
One scientific article, “Does it matter where you work? A comparison of how three work venues 

(traditional office, virtual office, and home office) influence aspects of work and personal/family 

life”, by Hill, Ferris & Märtinson (2003), was selected based on the criteria that the topic should 

be neutral and accessible to students from a variety of disciplines, of a length that could be 

read within the allotted time, and with content that would be suitable for summarisation. This 

paper was restructured to fit each of the proposed formats, including the writing of summaries 

and dividing sections into new subsections. 

Eight university students each spent 15 minutes reading this paper in each of the three 

formats, pseudo-randomly ordered. Participants were instructed to think aloud while they 

read, describing each of the interactions they encountered by indicating their expectations of 

each interaction and how the result of each interaction corresponded with their expectations. 

This data would show when users experienced confusion or encountered difficulties operating 

the user interface and was therefore one of the measures of usability used. Furthermore, 

whenever participants expressed their opinions about certain features during a session, this 

data would contribute to evaluating the user experience. 

While reading, participants were given navigational tasks. The first task involved users 

returning to a point in the text verbally indicated earlier in session by the experimenter. The 

second task asked participants to report their current location in the text, whether the section 

was a part of another section, and whether the section they were reading was a summary or 

full text. The third task required users to return to an earlier point in the text, described by the 

experimenter by its contents or meaning. These tasks were given to assess usability. Can 

users successfully navigate back to earlier points in the text? Do users know where they are 

in the text? 
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Pilot participants were given two additional tasks, asking what their next step would be if they 

were told that the current section they were reading was either important or not important to 

know in detail. The aim of these tasks was to estimate whether users would use the interactive 

features to regulate the amount of depth of information. Because it was not always possible 

to give these tasks, an alternative task was developed for the non-pilot participants. This took 

the form of a list of instructions; a guide per section of what was important to know in detail 

and what was not so important. Again, the aim was to have participants use the interactive 

features to regulate the depth of information to match that indicated in the instructions. In 

practice, participants mostly ignored the instructions, even when additional prompts were 

given. 

During the session, screen recordings were made, that were used to determine and describe 

the users’ interactions with the system, both in frequency and in nature, dependent on the 

context in which the interactions were made. This data contributed to the usability 

measurements, as interactions within their context can indicate confusion, but also indicated 

whether the interactive features were used. Again, attention was paid to the context within 

interactions were made, rather than relying on simple counts. 

A questionnaire was provided after each format to gather further opinions about completion 

of the tasks and the format in general. Each question could be answered on a 7-point Likert 

scale, ranging from “very difficult” or “very badly” to “very easy” or “very well”, with an “I don’t 

know” option included, and was followed by an open space for participants to elaborate on 

their choice. The survey questions were as follows: 

1. How easy did you find it to complete the tasks of going back and finding information 

from earlier? 

2. How easy did you find it to answer the questions regarding your current position in the 

text? 

3. To what extent was it possible in this format to control the depth and amount of 

information read to match the written instructions? 

4. How easy did you find it to control the depth and amount of information read to match 

the written instructions? 

5. What did you think of this format for scientific articles? (open question) 

6. What could be improved in this specific implementation of this structure? (open 

question) 

The qualitative responses in the context of the multiple-choice answer given were used to 

evaluate usability (regarding navigation and ability to use the interactive features) and user 

experience. For the pilot study, these questions were formulated somewhat differently, and 

question 4 was not included. 

At the end of the session, participants were asked to explain how each format worked. This 

data was used to fill in whatever gaps were remaining in the think-aloud data, further 

contributing to a complete usability evaluation and also providing data for user experience 

evaluations. 

6.2.3. Procedure 
Participants took part in this study individually, in a private room at either university 

accompanied by one researcher. After being welcomed in and offered a drink, they were 
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presented with a consent form for participation, audio recording and screen recording. After 

signing, audio and screen recordings were enabled. 

It was explained to each participant that they would be reading one article in three different 

formats or structures that provide certain interactions not available in traditional articles. They 

were told that there would be a test at the end of the session regarding the contents of the 

article. The instruction was given to think aloud while reading the paper, regarding 

interactions. They should indicate when they want to achieve a certain goal, how they would 

like to achieve that goal, what they expect from a given interaction and, after the interaction 

has taken place, whether the results differed from their expectations. As a guideline, they were 

told that they should be speaking whenever they use the mouse. Other comments about the 

interface are also appreciated. Comments regarding the content of the article were 

considered OK, but not necessary. 

Non-pilot participants were provided with instructions that indicated to what level of depth 

each section should be read. The instructions should be referred to at the start each section. 

For the final two participants, extra emphasis was placed on the task of specifically using the 

interactive features to follow the instructions, as earlier participants did generally not use the 

instructions in that way, if at all. 

After reading the instructions, participants were handed the laptop with an open browser 

showing the first format. The format order had been predetermined pseudo-randomly, 

ensuring balance. 

During the session, participants were prompted to think aloud if they were not doing so 

already, for example by asking “Have you noticed anything different about this format?” or 

“What did you expect from that interaction?” Additional prompts to follow the instructions 

were given as well, if necessary. The tasks were given throughout the reading session at fixed 

moments (for non-pilot participants): 

1. [After 4 minutes] What is the last sentence you read? Could you remember this point 

in the text to return to later? 

2. [After 6 minutes] What is the name of the section or subsection you are reading now? 

Is that a part of another section? Are you reading a summary or a full text version? 

3. [After 8 minutes] Do you remember the point that we indicated before? Could you 

return to that point in the text? 

4. [After 10 minutes] Make a mental note of what they are currently reading. 

[After 14 minutes] Earlier in the text, you read a part about […]. Do you remember 

reading that and could you try to return to that part of the text? 

After the first task, or whenever necessary, they were told they could continue reading as 

normal. After the final task, they were told they could stop reading and were given the 

questionnaire as described in section 6.2.2. On completion of the third format and survey, the 

participant was guided back through each article format and asked to explain how that format 

worked. 

6.3. Findings 
First, the findings that apply to all three formats will be discussed. Then, for each format, the 

report will first look at the most important and most basic need, users’ ability to read and 



“I Never Read the Whole Thing”: Improving the Usability of Scientific Papers to Match Digital Reading Habits 
Lomas, J.A. (0638129)  /  Eindhoven University of Technology /  Human -Technology Interact ion Group / 2016  

38 
 

navigate the article. Then, the interactive features: how they are understood, whether they are 

used and, finally, users’ opinions and subjective experiences. 

6.3.1. General findings 
Two participants reported being distracted by minor flashes on-screen caused by the specific 

implementation of some of the features. For example, the way the displaying of references in 

the sidebar was implemented meant that references would appear and disappear as the user 

scrolled. This diverted attention away from the main text: 

“I think whatever this is at the left side of the interface, as I go down, the 

references keep changing, and I think it's quite distracting ... because when 

I'm reading, when I scroll down to read the next part of the article, the things 

here change and that kind of distracts here…” –Participant 8 

Additionally, whenever a reference or a linked subsection (in format 2 or 3) was hovered over, 

it would become highlighted and also cause changes in the left sidebar that those two 

participants reported to be distracting. 

One participant found the background colour (grey) to be too dull – preferring a higher 

contrast between foreground and background. Another found the amount of text displayed on 

screen to be too small. This was subsequently fixed by the user by using the browser’s zoom 

out feature, although the ability to control the width of the sidebars would have been ideal. 

Another participant suggested a small improvement to the search function, which should take 

the user directly to the relevant line in the document rather than just the relevant section. 

One comment was made regarding the abstract being located on a separate page to the main 

text, indicating that it may be more natural to have the abstract positioned above the page, 

unless the user quickly realises how to access the abstract from the interface. 

6.3.2. Format 1: Parallel versions 

6.3.2.1. Basic usability 

Performance on navigation tasks was good, with 12 out of 16 (75%) completed successfully, 

with a mean time of 22s. During these tasks, one participant indicated being confused and 

two participants suggested that having separate summary and full text versions might make 

it harder to find information again. A participant that failed both navigation tasks: 

“Sometimes information is in the full summary [sic] and you keep on 

wandering in the summary” –Participant 3 

Participants were able to indicate their current location quickly and correctly every time. One 

mistake was made when identifying the current version of the text (summary or full text). This 

participant, who did not use the interactive features of this format and therefore may not have 

understood the availability of different versions, based his opinion on the contents of the text. 

As the structure of this article was kept true to that of the original text, the article contained 

fewer subsections in this format than in the other two formats. This generated negative 

comments from two participants who would have liked to have more subsections. However, 

one participant liked the extra space in the navigation bar that follows from having fewer 

sections. 
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6.3.2.2. Usability of interactive features 

Out of the 8 participants, only 5 indicated some kind of awareness of the ability to switch 

between summary and full text versions. However, all 5 of these participants expressed 

understanding of these functions, usually fairly early on in the session. One participant almost 

immediately noticed the tabs in the top-left corner, and shortly after noticed the link for 

switching between versions: 

“There are buttons everywhere, at every subsection actually, that allow you to 

switch to the full text” –Participant 1 (translated from Dutch) 

Another participant made their first version switch after 12 minutes of reading, and the results 

matched the expectations: 

“I expected each... each group to have an abstract and that's what it did”  

–Participant 6 

One participant spent the first few minutes exploring, immediately coming to the realisation 

that the summary page provides a short overview of each section, and then trying out the 

individual links per subsection to switch version. The expectation was that the links may only 

replace the subsection for which the switch link was clicked, and not switch the version for 

the entire document, but this did not lead to any (expressed) confusion or irritations. 

In the pilot study, a task was given that asked the two participants what they would do if they 

were told that the current section was important to know in detail. Both indicated they would 

switch to the full text for that section. However, when one of them was browsing the full 

version, and they were asked what they would do if that section weren’t important to know in 

detail, they said they would skip it, rather than switching back to the summary. 

Both pilot participants made comments about the icon used for the switch link (“◀▶”, 

accompanied by a hover-over text that said “Switch to [version]”). Although it didn’t impair 

their ability to use the interactive features, they both thought the icon wasn’t clearly descriptive 

of its function: 

“I thought when I first saw it, I thought: ‘Why is that there?’ And then I looked 

and I saw, OK, you can switch. I don’t really understand why it’s two… oh yeah, 

of course, switching, OK….” –Participant 2 (translated from Dutch) 

The icon was then replaced for the remaining six participants, and no further comments were 

made. 

6.3.2.3. Use of interactive features 

Three out of the eight participants never used any of the interactive features, all choosing to 

read the full text and not switching to the summary during the session. A further two 

participants switched version 3 times (twice with tabs, once with the icon). The remaining 

three participants switched often (8, 9 and 24 times). The most frequent user of the interactive 

features did so as a means of exploring the format – comparing summary sections to full text 

sections out of interest and attempting to gain full understanding of the format. 

Generally, the switch links per subsection were used more often (31 times) than the tabs (16 

times). 
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For the two pilot participants (switched 3 and 8 times), there was a bug present in the way the 

document scrolled after switching versions: the user would not be taken to the correct 

location. This obstructed both users from using the features more often. 

6.3.2.4. User experience of interactive features 

All five participants that used the interactive features responded to them positively. One user 

said this format supported their way of reading articles: 

“This is actually nice if you can have a summary. I’m not sure if it was like this 

in the previous version, but I think it’s really nice to be able to read this at once, 

let’s say abstract, summary and full, because that’s actually how you read an 

article. At least, that’s how I read an article.” –Participant 1 (translated from 

Dutch) 

And added that being able to refer back to the summary would help strengthen understanding 

of the text: 

“It seems to me that if you read the summary, which I quite like, that I think I 

would also be able to place things more easily the other way round – and 

when I had just read the text more elaborately, that I can now see better what 

the conclusion is. Because sometimes, they say, ‘la la la’, but the conclusion, 

here you have it right away and then you can… and if I were to read the full 

text after this, I would be able to relate back to that again. Nice to have the 

option.” –Participant 1 (translated from Dutch) 

Others believed that this format makes it easier to find targeted information in an article, or to 

decide whether an article is worth reading or not: 

“I like this one. The reason is because it gives you a very brief summary of 

what you would be expecting in that particular heading. And that gives you a 

go or no-go for that part of the paper or article. Yeah, so I think this is really 

good in fact, because most of the time when you read a scientific article, you 

read the abstract and conclusion and then you just scan through the things 

and then, but even while scanning you have to actually read it fast, through 

the things. And then find the keywords that you are exactly looking for. So 

this, I think it works really good in that sense because it doesn't really take 

much time and then you can go ah ok, this is what I'm looking for.” … 

“In this thing you can actually read the entire paper very quickly, just going 

through the summary of what each subheading is about and you can make 

your decision.” –Participant 3 

“If you’re really doing a literature review, then it’s useful if you have the 

summaries instead of the full text, because you’re done much more quickly 

with seeing if it matches what you need to have, content-wise”  

–Participant 7 (translated from Dutch) 

However, this last participant also worried about the potentially negative effects of offering 

users the option of a summary: 

“But I think you’d be really tempted to only read this and to only use that as a 

whole, and not to move on to the full part. Because it’s a really nice overview, 
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the limitations are just summed up, so that’s really handy, but I wonder 

whether you’d read the full part of the limitations for example, if you can also 

read everything here quickly… I wonder.” –Participant 7 (translated from 

Dutch) 

One participant suggested an improvement could be made whereby the switch links only 

switch out the subsection for which the link is clicked. The user then chooses per section what 

the level of depth is, without losing the chosen level over the entire document. Another would 

have liked subsections to be displayed collapsed by default, like in format 2. 

The three participants that did not use the interactive features for this format did also not 

report any positive or negative feelings towards them. 

6.3.3. Format 2: Expand-and-collapse 

6.3.3.1. Basic usability 

Performance on navigation tasks was decent, with 8 out of 15 tasks (53%) being completed 

successfully in an average time of 21 seconds. One participant gave as a reason for failing to 

find the information that there was too much overlap in content between different sections. 

That would be an issue with the original paper used, and not with this concept or 

implementation. 

Participants were able to indicate their current location quickly and correctly every time, like 

with format 1. One mistake was made when identifying the current version of the section they 

were reading (summary or full text), due to basing the identification on the content of the 

section: 

“I see it is a summary because if I look at review of literature [in the navigation 

bar] there's a proper thing on telework.” –Participant 5 

There was no reported or otherwise noticeable confusion, and the interactive features did not 

seem to obstruct normal usage of the article in any way. In fact, one user noted that the 

expand-and-collapse features helped to act as a progress marker, as they could tell which 

sections they had already looked at. Another participant found it messy that after a while many 

sections would be open, while many would be closed, but quickly realised that the “expand all” 

and “collapse all” buttons would easily solve that problem. 

Two participants commented positively on the number of subsections, which was 

substantially higher than in format 1 (but somewhat lower than in format 3). 

One user, who used the search feature for the navigation tasks, assumed that this feature 

would not be able to find text within collapsed sections, while, in fact, collapsed sections were 

searched as well. 

6.3.3.2. Usability of interactive features 

Seven out of the eight participants verbally expressed an understanding of the expand-and-

collapse system, while behaviour indicated that it was immediately understood by all. Three 

participants explicitly mentioned the summary – full text relationship between the first 

paragraph of each section and the subsequent subsections. One user said after about 2 

minutes: 



“I Never Read the Whole Thing”: Improving the Usability of Scientific Papers to Match Digital Reading Habits 
Lomas, J.A. (0638129)  /  Eindhoven University of Technology /  Human -Technology Interact ion Group / 2016  

42 
 

“The good part is there is a summary of the main topic and then you have an 

option to go further if you want to read a subsection.” –Participant 3 

It was not clear to the pilot participants that the text of the main section served as a summary: 

“It indeed needs to be clearer that this is a summary and maybe it could be, 

yeah, something as basic as just putting ‘summary’ in front of it or 

something.” –Participant 1 (translated from Dutch) 

“Then you click on it and you can read it, but then you do have the full text and 

not the summary, so then… But where is the summary then?” 

–Participant 2 (translated from Dutch) 

After the pilot study, the text “Summary:“ was prepended to the summary sections in a small 

font. Out of the last six participants, only one seemed to indicate a lack of understanding for 

this structure, although it is possible they were instead expressing a preference for summaries 

per subsection: 

“But then the drawback of this is that each section doesn’t have a summary. 

[…] So if you have to read something, you have to open this up and go through 

the whole text.” –Participant 6 

Furthermore, earlier participants saw the “Expand all” and “Collapse all” labelled simply as 

“Expand” and “Collapse”, of which the function wasn’t clear to one pilot user. 

One participant noticed the “Skip to …” feature that appeared when hovering over a fragment 

of a summary that was directly linked to a subsection, but subsequently described that 

subsection as being “the next topic”. This feature was actually suggested by one of the pilot 

participants and was available in the updated prototypes for the other six participants. 

6.3.3.3. Use of interactive features 

All participants expanded sections to read them, varying from 4 to 11 uses each. Four 

participants also collapsed individual subsections. Three participants used the “Expand all” 

and “Collapse all” buttons. 

6.3.3.4. User experience of interactive features 

Six out of eight participants explicitly responded positively about the interactive features, with 

no further negatives other than those mentioned in section 6.3.3.2. Specifically, users liked 

the extra space, the extra overview and the fact that the text was less overwhelming when 

collapsed: 

“I find them quite similar [referring to format 1 & 2], but with the expandable 

version you don’t get sick amounts of information fired at you.”  

–Participant 2 (translated from Dutch) 

“So far it's been really good. Compared to the previous one [format 3] I think 

this is much better... interface to work with.” […] “So it's not everything laid out 

and becomes very crowded with text and everything, so now you have a bit of 

space to just read what you really want to.” –Participant 3 

“Normally if you open an article you have the entire text there completely. In 

that sense I think it’s useful if you’re mostly looking for… you want to read 
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specific parts of a particular heading deeper and not others, then you leave 

the others closed, then you have, yeah, less text on your screen overall.”  

–Participant 7 (translated from Dutch) 

After 1 minute of reading, one participant already mentioned the possibility to go through the 

entire article really quickly by only reading the summaries. 

Two participants explicitly indicated a preference for format 1 over this format. 

Participant 3 suggested some small improvements to the implementation of this concept: the 

addition of a collapse button at the bottom of an open section, and the automatic scrolling 

after expanding a section to place the section at the top of the browser window. 

6.3.4. Format 3: Zoom-in / zoom-out 

6.3.4.1. Basic usability 

Participants did well on navigation tasks, with 11 out of 15 tasks (79%) successfully 

completed and a mean time of 19s. The current location was identified quickly and correctly 

by all participants. One mistake was make in identifying the current version of the text 

(summary or full text), whereby the user thought they were reading a full text, when they were 

on level 1 (short summary). 

Despite good performance on the tasks, there were frequent occurrences of confusion when 

navigating the article. Four participants spent periods of time confused, frequently navigating 

while looking for specific information, getting lost, or going round in circles. One user got 

confused, traced their steps back to the abstract, and navigated from there to find an earlier 

section. Another didn’t understand the levels, and spent quite some time navigating between 

them to try and understand, without success: 

“What is this L3 about?” […] “I think it... just thought it should be L2” […] “I think 

I'm a bit confused. Isn't think L1, L2, L3 is... This is 1, 2, 3... Then what is this 

L2 part?” […] “L2 is this and L3 is this, I don't understand this.” […] “I don't think 

I was actually in the research section before.” […] “I think I lost my way.”  

–Participant 3 

Others simply expressed negative opinions towards the navigation: 

“Due to the hardness of navigation, I can't switch to subtopics as mentioned 

in instruction.” –Participant 4 

“But the first text I found clearer, and with more overview, but the third one 

too actually. Not this one. Not at all.” –Participant 2 (translated from Dutch) 

This participant also described the effects of not understanding the structure of the article, 

although it is important to note that this quote comes from the pilot study, and therefore an 

earlier version of the implementation: 

“This makes me a bit umm… unsettled, I’m not sure, it’s not clear where you 

are, whether it’s a summary or the full text.” –Participant 2 (translated from 

Dutch)  

Navigation was also interrupted for this participant by ending up ‘zooming out’ to a different 

section than expected. 
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There was frequent confusion when using the navigational buttons to proceed to the next 

section on the same level. For example, after 2▹2▹4 would follow section 3▹1▹1 and several 

participants felt they were missing out on information by skipping the higher level sections. 

This format uniquely separated each subsection onto different pages. Opinions on this were 

mixed. Three participants expressed themselves positively about it, reporting having a better 

overview of the text and being less demoralised due to a smaller amount of text on-screen: 

“Limited amount of text on display in this format makes it even easier to 

locate current reading position.” –Participant 5 

“Last time I was seeing the scroll bar here and it was here, this size, this small 

size and it's almost the whole page, and it's quite demoralising to the reader's 

perspective about the article. I think this is a good method to do it 

systematically.” –Participant 8 

Three other participants would have preferred a continuous article, but one of them could 

understand how this structure may work well for others. The lack of continuity was mentioned 

as a reason by two of them: 

“Yeah, the results, that you can’t just quickly scroll back up to see what the 

questions were. Yeah, you can with the navigation bar, but I don’t really like 

doing that.” –Participant 2 (translated from Dutch) 

To fit the format, the paper was structured as such that there were more subsections than in 

other formats. Additionally, there was clearer division of results by research question, which 

was indicated in the summaries and in the level 3 subsection headings. This was generally 

positively received: 

“It is good. Like in the results section they have given links to every question 

separately, e.g. perception Q1, multivariate Q4, so it is easier to reference or 

directly check the answers for a particular research question.” 

–Participant 5 

“Systematic arrangement of information made it easy in my head to 

understand & then go back.” –Participant 8 

One participant expressed a differing opinion: 

“In the beginning, it looked easy and helpful but once engaged in reading, it 

was difficult to exactly remember which section a particular line or paragraph 

was. It was a bit confusing.” –Participant 6 

Regarding search, one participant assumed, like with format 2, that it would not be possible 

to find information location in sections other than the one displayed. This was in fact incorrect. 

6.3.4.2. Usability of interactive features 

Although, as seen earlier, most participants had trouble navigating using the interactive 

features, many of them also expressed a decent understanding of the structure. For example, 

when zooming in: 

 “So this guides me to the part where this is concluded from?” –Participant 3 
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“I expect it to go to a subsection.” […] “Yeah you go deeper into the material. 

Or at least, you expect new information really.” –Participant 1 (translated 

from Dutch) 

As this participant was a pilot participant, the ‘important / not important’ task was given, to 

which the user correctly responded that they would zoom in if the details were important, or 

zoom out if they were not. The other pilot participant indicated that there wasn’t a summary 

and would therefore just continue reading. They did, however, seem to understand the way 

clicking to zoom in worked, although they didn’t use the feature: 

“It indicates where the sentence comes from and when you click on it, you go 

straight to the heading of what that part is about, so you get more 

information.” –Participant 2 (translated from Dutch) 

Yet another understood the structure after a few minutes: 

“Ok, so the article is divided into 3 levels, which was a bit confusing first, 

because I thought start reading the summary, was what I read the last time, 

but it's divided into 3 levels, level 1, level 2, level 3, where the amount of depth 

goes on increasing.” –Participant 8 

Others did not understand the way zooming in and out worked, either by directly expressing a 

lack of understanding, or for instance by comparing the arrangement of sections on different 

levels to that of a normal article: 

“You have 1, 1.1, 1.1.1, that’s the normal division you would also have in a 

normal article.” –Participant 7 (translated from Dutch) 

6.3.4.3. Use of interactive features 

Three out of the eight participants used the ‘click to zoom’ feature, while five used the ‘zoom 

out’ link at the top of the page. Two used the ‘up’ navigation button at the bottom of the page 

(this button wasn’t visible for pilot participants). Only one user switched versions using the 

tabs. When used, these functions were used infrequently. The vast majority of changes in level 

of detail occurred via the navigation bar (53 vs 22 via zoom-in-zoom-out features). 

6.3.4.4. User experience of interactive features 

Both pilot participants indicated liking the ability to click to zoom in. Ironically, one of the two 

didn’t actually use that feature while reading. Another participant indicated this format to be 

their favourite: 

“I think this was the best format of them all, it was divided into 3 levels, 

summary, regular version and extended version. Whichever version you 

wanted to read, or to concentrate on, that was uh... you can go on. If you want 

to read an extended version you can go on that, and then from the right hand 

part of the interface, you could select whichever part you want to read, and it 

specifically showed that part, and not other parts of the text, which was very 

good, according to me. […] Like this takes some time to understand how it 

works, like how's the format, how's the actual format, but once you 

understand it, it's really easy to navigate through the text, and read it 

according to your wish, uhh.... whichever part you wanna read, with full, full... 
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with that part zoomed in, with that part shown only in the interface.”  

–Participant 8 

However, this participant had not noticed the click to zoom in feature, which suggests that the 

preference might be largely due to the separation of sections into individual pages. 

Other positive responses were mostly related to the clear division of results by their respective 

research questions, as described in 6.3.4.1. 

The zoom-in preview that was shown to the first 6 participants was removed because it 

received a couple of negative comments and contributed to the distractions described in 

section 6.3.1.  

6.4. Discussion 

6.4.1. Conclusion 
The findings indicate that formats 1 and 2 are usable concepts for the presentation of 

scientific articles. Furthermore, most participants clearly understood the working and purpose 

of the interactive features, and used these features to control the depth of information. 

Only minor issues were reported in relation to the implementation that underlay all three 

formats. None of these were inherent to the concepts developed in study 2, and could 

therefore be solved easily by making small changes to the underlying implementation. 

An alternative implementation of format 1 could be tested whereby the individual links to 

switch version only switch out the current section and not the entire document, as suggested 

by one participant. Additionally, it may be useful to try a variation of format 2 in which authors 

can include a third level of depth (closed subsections within subsections for more specific 

information). This may be necessary for longer articles, but would require new usability tests. 

In format 2 and 3, another solution would need to be found to indicate being able to skip to 

the relevant section or to zoom in. The highlighting was considered distracting by some, and 

the feature was not noticed by most users in format 2. For example, each fragment could be 

succeeded by a small, unobtrusive ‘read more’ link or icon instead. 

Format 3, although technically capable of greater control of information depth and amount, 

was generally not found to be usable, as most participants experienced significant confusion 

and navigational issues during the reading session. Interestingly, many participants displayed 

a good understanding of the structure, but this did not translate to smooth use. 

The concept of zooming in and out within an article remains interesting, as some participants 

indicated they liked the idea of clicking within an article to retrieve more information, but would 

require significant revision. For example, there was too much confusion about navigating from 

one section to another within a level, effectively ‘skipping’ the higher level sections in users’ 

minds. However, navigating back up to higher levels would result in lots of duplicate 

information if users wished to continue reading on a deep level. This could be solved by using 

a navigational structure that more clearly shows the hierarchical structure of the article, rather 

than the same linear navigation bar that was also used for other formats. The concept of 

zooming in and out would need to be refined, and presented more clearly, perhaps with a 

different terminology. It is entirely possible that this concept is too complicated to be used 

successfully. 
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It is important to note that most users preferred the way the article was divided into many 

subsections in format 3. The strategy of creating many subsections could easily be carried 

over into format 1 and 2. Participants liked to see a clear link between research questions and 

results. Authors would be advised to indicate that in their subheadings. 

Participants were divided about displaying each section on its own page, as was the case in 

format 3. Some preferred the ability to scroll continuously, while others enjoyed the extra 

space and found the text less overwhelming and demoralising when split up. This feature 

could technically be applied to all three formats as an option, ensuring that each individual 

reader can adjust the article’s presentation to suit their own preferences. 

6.4.2. Limitations 
Some limitations of this study led to a reduction of usefulness of some of the data. Built-in 

redundancy in the experimental design ensured that clear conclusions could still be drawn. 

Participants generally did not follow the navigation instructions provided, which made it 

harder to tell whether they would use the interactive features to regulate the depth of 

information when it was appropriate to do so. Furthermore, not all participants were 

particularly verbose during the session, leading to frequent prompts for information from the 

researcher. For a small number of participants, this led to a fairly weak understanding of their 

experience with the various formats. A high variation in navigational task difficulty and results 

– some sections were much easier to retrieve than others – meant that the quantitative results 

from these tasks were not that useful. The same applies to the questionnaire, of which the 

questions were often interpreted differently. This was anticipated, hence the inclusion of the 

open questions to provide the necessary context. 

For format 3, it could be said that the paper used was not ideal. There wasn’t a large difference 

in details and length between levels 1, 2 and 3. For an article of this length, it may have been 

wiser to use two levels, like the other formats. A decision was made for three levels, as it was 

thought that a smaller number of levels would not truly test the capabilities of this format. 

That said, there were clear issues found with format 3 that would not have immediately been 

solved by a smaller number of levels. Furthermore, it is essential that this concept holds up 

with a larger number of levels, as the idea behind this format is that potentially large amounts 

of information can be hidden away in deeper sections. 

Several different versions of format 3 were tested, but no noticeable differences were found 

between responses to the different versions. Frequent changes were made because it was 

soon clear that the format was unusable in its then present state, and it was decided to instead 

make the most of the time of the remaining participants by testing a new iteration. 

As with any research of this type, it is necessary to be very cautious of desirable responses: 

participants may want to please the researcher by providing positive feedback on their project. 

To counteract this, attention was paid to the more objective data: signs of confusion or 

navigational issues, expressed understanding of structure and of the purpose of the structure, 

and behaviour tracking. Participants appeared honest, expressing both positive and negative 

responses in appropriate situations. In cases where it was possible or seemed more likely that 

participants were providing desirable responses, these responses were filtered out of the 

results. 
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7. Evaluation 2: The author’s perspective 

7.1. Introduction 
The usability study with end-users showed that two of the three new formats for scientific 

articles were found to provide users with a new and usable way to control the depth and 

amount of information. Although the focus of our paper is on exploring alternative formats for 

reading scientific papers, we also approach the subject from the author’s perspective. They 

may also be able to benefit from an improved reading and navigating experience of their 

papers, yet may be critical about adapting to new formats of writing, and the workload 

associated with producing summaries. 

In semi-structured interviews, three publishing researchers were asked for their opinions on 

the formats in general, the implications for the accessibility of science, how they would 

approach the writing process and how that would differ from their current approach, and what 

would help to facilitate the writing process. 

7.2. Method 

7.2.1. Participants 
Three researchers from Eindhoven University of Technology were interviewed for this study. 

All three work in different fields within the broader category of behavioural sciences. 

Participants were recruited by the supervisor of this thesis, by contacting colleagues that were 

expected to be willing to take part. No reward was given for participation. 

7.2.2. Design 
This study was conducted in the form of a semi-structured interview that lasted 45 to 60 

minutes. A number of main questions were prepared that guided the conversation through 

several different phases of the interview, accompanied by frequent spontaneous follow-up 

questions. Not all questions were used in all cases due to time constraints, instead focusing 

on the matters that were most important for each conversation. 

Each interview started with a few general warm-up questions about the researcher’s recent 

work and their approach to writing scientific articles: 

- Could you briefly describe your recent work and publications? 

- How do you generally approach writing a scientific article? 

- What are generally the greatest challenges in writing an article? 

- What would make writing an article easier? 

The topic then shifted towards the general idea behind this research, that a new format should 

be introduced to match modern reading habits and needs. Firstly, participants were asked 

what their initial response would be to a new format, as an author. Then, the conclusion from 

the first explorative study (the questionnaire) was presented, followed by a discussion about 

their perspective on these findings: 

- What is your initial reaction to the idea of writing for a new format with a new structure? 

- [Explanation of research – explorative study 1] 

- What is your perspective on these types of developments regarding the “consumption” 

of science in general and of your own work specifically? 
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The second evaluative study (focus groups) and the first evaluation (usability testing) were 

discussed, explaining and showing the three different formats and how students responded 

to them. Further discussions focused on the two usable formats (parallel versions and 

expand-and-collapse), covering their expectations of implications for readers and authors, and 

the feasibility of introducing these formats: 

- [Explanation of research – explorative study 2 and evaluation 1] 

- To what extent do you think formats like these would help in addressing usability and 

accessibility of scientific articles in general and of your own work specifically? 

- How would you approach writing for these formats? 

- If one of these formats were to become available, would you choose to write in that 

format? 

- What would need to be implemented to make this process author-friendly? 

- What do you think would need to happen in the industry in order to allow a new format 

to be introduced and popularised? 

7.3. Findings 
Relevant quotes were extracted from the transcripts and grouped by theme. Each of the 

following sections discusses one aspect of introducing the new article formats from the 

author’s perspective, using quotes for illustration. Sections are ordered approximately 

according to the chronological appearance in the interviews of the relevant questions. 

7.3.1. Writing for the current format 

7.3.1.1.  Strategies 

When participants were asked what approach they normally take for writing articles, two of 

them talked about the order in which they write different sections. Both of them said they 

would generally start with Method and Results sections when doing empirical research, with 

some notes on background research having been made earlier. The full Introduction and 

Background sections would follow later. 

Two participants also described how they take their target audience into account when 

writing, first finding a journal that fits the topic and type of research, and then writing the article 

to fit that audience’s level of knowledge and interests. For example, one participant said that 

in a journal with a substantial readership among managers, the article would focus more on 

the practical implications of the research and less on the methodology. Conversely, for 

journals that are read only by peers, the article can be more to-the-point and factual, focussing 

on the scientific implications. 

With one participant, it was discussed exactly how one knows what the readership is. The 

conclusion was that one can’t really be sure. 

“Then I assume that my community reads it, and outsiders relatively little, 

which is nonsense of course, because I get all kinds of notifications when 

things are published. When I think: ‘This is interesting!’, I’ll also go and look at 

journals I’ve never been to.” –Participant 2 (Translated from Dutch) 

As the conversation progressed, the same participant realised that in many ways, articles are 

written with the reviewers in mind, as they are the gatekeepers that allow or prevent an article 

from being published: 
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“Because, yeah, you’re actually telling that story because you – you’re mostly 

trying to … the reviewers, yeah? They have to read it from start to finish, so 

that’s who you’re actually writing it for. There you want to show: ‘Look, this is 

important work. I know what I’m talking about. I did it properly. There are 

important results.’ So they have to … that story. So I’m not going to really go 

into detail on something where I think: ‘Well, that’s something that other 

people might find useful’, if it’s only going to make an article longer and feel 

like ballast for a… So that’s what might be a problem, that, as a writer, you’re 

pretty set on getting things out into the world, publish things.” –Participant 2 

(Translated from Dutch) 

7.3.1.2. Challenges 

For one of the researchers, the main challenge was keeping the overview in a lengthy results 

section. When doing multimethod research, they would deal with each method one by one in 

the report. That means that results relating to certain measures or phenomena, gathered by 

multiple methods, would be spread across multiple subsections. This requires a lot of cross-

referencing for the author and the reader, and minimising the latter was perceived to be a 

difficult task. 

For another of the researchers, the greatest challenge is balancing the need to keep the writing 

accessible and the need to be scientifically accurate: 

“I have to stay accessible, it has to stay readable, I can’t go into detail 

everywhere, but on the other hand you want to hedge it enough, so you don’t… 

that you can’t get behind it.” –Participant 3 (Translated from Dutch) 

They also mentioned that most readers don’t read articles from start to finish and that, 

therefore, sections need to be able to stand on their own. The challenge there is deciding what 

to repeat and what not to repeat in order to make a section understandable without making 

the article too tedious for someone who does read the entire thing. 

7.3.2. Thoughts on the current format 

7.3.2.1. On the article structure 

The general consensus was that the current article structure is an effective way of bringing 

across scientific information, and that, at least within the constraints of print, there may not 

be much to improve. It was noted that it is mostly empirical work that most closely follows a 

typical structure, whereas theoretical articles are more flexible. It also varies from discipline 

to discipline, which can have an effect on the reader’s experience according to one of the 

interviewed authors: 

“If you’re in, for example, behavioural brain research, in the biological or more 

neuroscience… There you quickly say matter-of-factly what’s going on and 

then you go straight into the study. But then the Method section is often a bit 

smaller and less complete. Then you have to go to addenda and supplements 

elsewhere if you want to see them. […] And I find the introduction to be fun 

and educational, let’s say. So you learn a lot less from it, from those other 

introductions, than from a psychology journal.” –Participant 2 (Translated 

from Dutch) 
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All of the researchers agreed that readers, including themselves, tend not to read articles all 

the way through, with some sections being intended for direct peers that also perform 

research, and others being aimed towards those newer to the topic. One participant said they 

encouraged students to think about what they want to learn from a specific article, and to pick 

a reading strategy accordingly. Another participant suggested that a digital implementation 

could help to support readers in directly finding relevant information and sections and made 

a suggestion to develop guidelines for section titles. 

7.3.2.2. On the abstract and other summaries 

Two of the researchers felt that the biggest area of potential improvement would be in the 

abstract and other summary sections presented before the article. One praised the use of 

guidelines and minimum requirements for an abstract, dependent on the field and the type of 

research performed, to make sure the information in the abstract is most useful to the reader: 

“Well, there actually isn’t really a structure to it. It’s often used more like an 

advertisement than as information. So people try to kind of write what sounds 

good. […] There had to be all kinds of facts in there, like whether it was a 

double-blind study or not. See, it’s only 1 word […] now I know exactly what 

type of study this is.” –Participant 3 (Translated from Dutch) 

Both believed in making the take-home points clearly and briefly available in either the abstract 

or another type of summary. One of them spoke about a box of “practical implications”, to be 

presented alongside the abstract, to easily allow practitioners to understand the relevance to 

their job specifically. Unfortunately, according to that participant, these types of boxes are 

uncommon. 

7.3.2.3. On supplementary materials 

According to one of the authors, there is a movement towards reporting more and more, as a 

response to the complaint that researchers were leaving out methods that didn’t work, or 

certain analyses that didn’t add much to the conclusion, but could be beneficial to other 

researchers. To keep the article readable, often this information is relegated to the 

supplementary materials, where, according to a quote they read online, “additional information 

goes to die”. Regarding this issue, this participant suggested a system somewhat similar to 

those developed in this study: 

“Or the author would have to do that, like: ‘This is a level 1 sentence; this is a 

level 2 sentence; this is a level 3 sentence. So if you want to read the simple 

variant, then you just read the level 1 sentences and the rest just goes away. 

Yeah, would that be a readable story? I’m not sure, it’s very difficult.”  

–Participant 1 (Translated from Dutch) 

Later on, they suggested implementing a way to hide away supplementary information in 

between the main text, for example by using double brackets in the text editor software: 

“If you think: ‘I want to read more’, well, I’ve written more! All the way the end 

I’m scrubbing it all away and thinking: ‘What can go?’ But one option to 

remove it is the double brackets, you make it disappear, but you can magic it 

back again. And then it stays readable and you can say: ‘Now it’s readable 

without, but there are 3 more sentences behind it. That would be pretty 

interesting.” –Participant 1 (Translated from Dutch) 
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7.3.3. Initial responses to a new format 
Initial responses to the unspecified idea of a new format were mixed. In general, the main 

worry was that it would become more work. However, the idea of having to change their way 

of working was not seen as a major obstacle, as long as it shows a clear advantage over the 

traditional way of working. 

7.3.4. Writing for the proposed formats 

7.3.4.1. Strategies 

Two participants felt that the way to approach writing for the proposed formats would actually 

be the same as the approach that should be taken for writing an article normally. Because the 

summaries are meant to communicate the most important findings and the general gist of 

what is being said, authors need to think clearly about what that is: 

“If I were to write for an article like that? In a way it’s the way in which it should 

be done. That you first think: ‘What’s the logical storyline?’ and actually decide 

per line what’s going to be in a certain paragraph - what’s going to be in a 

section, what’s going to be in a subsection, and what’s going to be in a 

paragraph, so in fact you have that then.” –Participant 2 (Translated from 

Dutch) 

One of these participants thinks that this would require a more back-and-forth type of 

approach, where the summary and the main text are continually adjusted to fit with each other, 

and are constantly referenced to make sure the main text sticks to the main point of the article 

and that the summary also accurately reflects what is going on and what is important. The 

other of the two sees these processes as being more separated. Although one would start 

with clearly setting out the main implications and themes, the eventual summaries would be 

created based on the main text and cutting down on information from there. 

A third participant wanted to take a different route, trying to automate the process as much 

as possible. One possibility was to require the first paragraph of each (sub)section to give the 

main gist of that section and to use that paragraph in place of a separate summary. An 

alternative suggested was to use the first sentence of each paragraph, or otherwise to indicate 

a sentence that represented the general point of that paragraph. Again, this would require a 

certain writing style, albeit one that would be considered to be an effective one according to 

Nielsen (1997). 

7.3.4.2. Challenges 

All of the researchers expected that having to write the summaries would generate extra work. 

Other than that, some specific challenges were named that authors would need to overcome. 

Firstly, the expectation was that the expand-and-collapse format especially would suit certain 

authors and writing strategies well, but not others. Some have a style of writing that is more 

section-based, whereas others tend to write a more continuous story. The latter group might 

have trouble fitting their continuous story into separated sections that can be read 

independently from each other. 

The main challenge was thought to be the additional decisions that would need to be made to 

determine which information needs to be in the summary, with one participant worrying about 

maybe inadvertently leaving out essential information, by not being able to see the article from 

the reader’s point of view. A solution to this was to gather feedback from others by letting 
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them read the summaries only to check whether they can understand the gist of the article 

from just those sections. 

The same participant worried about the consequences cutting down sections that are heavy 

on constructs, theories, and other ideas that might need in-depth explanation to be 

understood. A summary could quickly end up being jargon-heavy and therefore tough to grasp. 

They also thought that there might be an expectation from the reader to then explain all these 

theories and constructs in one of the expandable sections, but this could easily be solved in a 

digital system by directly linking to other resources. 

7.3.5. Thoughts on the proposed formats 
For the first participant, there was a fair amount of scepticism initially, that gradually reduced 

during the conversation, mostly after viewing the second (expand-and-collapse) format. This 

was due to a combination of the expected extra work, which they thought scientists would not 

be open to, and a perceived limited benefit to readers. This was accompanied by some fairly 

strong opinions about who and what scientific publications are for: 

“My personal opinion is that maybe an article should hardly be read by 

anyone. Not by no-one, but it’s written for scientists. A scientific article is 

written for scientists. There are a number of matters you need to be able to 

evaluate in an article like that before you can really understand it.”  

–Participant 1 (Translated from Dutch) 

The assumption was made, which was apparent throughout much of the conversation, that 

scientists would not benefit from the proposed formats, as they are used to the current 

structure and know how to navigate it and extract important information efficiently. Therefore, 

these formats would benefit a small number of non-expert readers. This author thought that, 

if these readers were having trouble with these articles, that there might be more accessible 

ways in which to access this information, such as science journalism or review articles, albeit 

with a delay. Otherwise, readers should simply learn how to efficiently extract the information 

they are looking for. 

Their opinion became somewhat positive after looking at the expand-and-collapse format and 

thinking about ways to reduce the workload for authors: 

“This is achievable, that you say: ‘Just start every section with what happened, 

summarise it a bit.’” –Participant 1 (Translated from Dutch) 

The second and third participants saw more benefits to these formats, both seeing the appeal 

for readers and understanding the benefits for themselves when reading. Regarding writing, 

the second participant felt that the structure would in fact support the writing process, 

ensuring a higher quality by making sure authors consider their main message while writing 

(see 7.3.4.1. Strategies). This was thought to be especially beneficial for those new to writing 

papers. Having said that, they both expected that the process would generate extra work, by 

having to go back and forth between summary and full versions and eventually having to 

deliver both to a very high standard. On the other hand, both authors also expected the ability 

to include additional information, which, after all, is also a major part of the problem posed by 

this research in earlier studies, would have a counteracting effect: 

“Yeah it needs more information, but that is sometimes nice too, that you can 

include more information. Because always those really – always digital 
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journals of course – but they are always keeping ridiculous word counts 

everywhere, like a page really matters, but it doesn’t.” –Participant 2 

(Translated from Dutch) 

The second participant then went on to describe adding more visuals, a description and photo 

of their lab setup, and other information. They think that writers usually get too little space, 

and that therefore being able to include extra information could save time. 

Increasing the interactive possibilities would make this format work better for the first author, 

for example with expandable references that can display referenced abstracts inline, or where 

individual subsections also contain expandable parts for supplementary materials. This, of 

course, would be easy to implement in a future iteration of this concept and would likely 

become a feature in a public release version. 

Towards the end of the conversation, this author indicated that they would consider writing 

for this format with certain types of papers. They named review articles, methodological 

papers and certain statistical papers as being good candidates for this format, as they are 

often not written directly with experts in mind: 

“So the stronger the goal is of ‘Let’s teach as many people as possible 

about…’, then I would maybe see the added value and definitely put some time 

in to get it neat.” –Participant 1 (Translated from Dutch) 

The second participant indicated that they would more likely use this format for an empirical 

article than for a theoretical article. Interestingly, this directly contradicts the first participant’s 

stance. This participant would especially see the benefits for multi-method articles where 

there is a lot of cross-referencing: 

“Because there we often have that problem of limited space to explain it 

properly, you know? There I’m often afraid that the reader will lose the 

structure and actually you make the structure quite a bit more explicit in this 

way. And you don’t have to worry as much about it becoming this long thing. 

With a theoretical paper I’m more like – you want them to read it linearly. Yeah, 

there’s a whole rationale in it, so that’s more linear work for me. Whereas with 

empirical papers, you’ve got all these chunks and you want to bring them 

together. Then maybe I’d want to have more than just up and down, you 

know?” –Participant 2 (Translated from Dutch) 

In relation to the last sentence, being able to skip back and forth, this could support multi-

method papers and also aid readers in the discussion easily find the sections where each 

conclusion was drawn from. This linking back and forth, as discussed with this participant, 

would not have to be more than a hyperlink. Features like this, in addition to the formats as 

proposed, could help to give digital reading an advantage over paper reading that currently 

doesn’t exist. 

To this author, the main advantage for readers is the ability to get a feel for and an overview 

of what’s about to come and what has been done in a certain section. They noted that for that 

to occur, the summaries have to be presented in a way that is inviting to the reader, something 

that wasn’t optimal in the current prototype, but could be fixed simply by adjusting the 

formatting. Furthermore, thought should be put into trying to recreate a recognisable layout 

that, with paper articles, helps readers to distinguish between different journals and different 
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sections. The current prototype didn’t provide much for readers to get a handle on, as it were. 

This could be solved with use of colours, icons, figures and by using a different styling for 

each journal. 

7.3.6. How to facilitate the proposed formats 

7.3.6.1. Supporting the writing process 

As one participant noted, delivering text for a journal article can now be done fairly simply, for 

example with a Word document or similar. For these new formats, with summaries and links, 

they predict that a specifically designed writing tool would help to support the new writing 

processes, even helping to write a better linear article. For example, they said a good writing 

tool would indicate which sections still needed summaries, which sections could be lacking 

depth, which sections may be getting a little lengthy, but would have to achieve this without 

an “annoying paperclip”, referring to Clippy, the Microsoft Office assistant known from earlier 

Word versions and generally not well-received. 

When asked whether the summaries and the main article could be delivered separately, this 

author thought that that would take away much of the advantage of writing for this format, as 

it would not require the author to go back and forth between summary and main text, tweaking 

each one iteratively. 

7.3.6.2. Achieving acceptance 

Both participants with whom this was discussed, agreed that authors would need to 

experience reading these articles for themselves to convince them of the merits of new 

formats. Help would need to be provided by the journals to motivate early support from 

researchers. One participant described the frustration that would occur after writing an article 

for what would be initially a niche format, and then being rejected from a particular journal. It 

would be difficult to re-submit that article without a substantial rewrite. 

Another thought was that it would be difficult to motivate the author by looking at the article 

from their perspective, as they would not be able to see the advantages, such as increased 

readership, citations or H-index, until much later. Instead, authors would need to be convinced 

of the advantages for readers and additional motivation would need to come from the journals 

themselves. Authors could be enticed with free open access publishing or featured spots. 

7.4. Discussion 

7.4.1. Conclusion 
The overall conclusion that can be drawn from this study is that it is possible to introduce the 

proposed formats and find early support from at least some authors. That is not to say that 

such an introduction will not have its challenges. It is expected that authors will face a higher 

workload from writing summaries, and that writing strategies will need to be adapted. On the 

other hand, some authors think this may improve the quality of the main text of the report 

itself. The aspect of providing additional depth to users was generally thought to make the 

writing process easier. 

Although authors were not explicitly asked to indicate a preference for one of the formats, it 

became clear over each conversation that format 2 (expand-and-collapse) was preferred over 

format 1 (parallel versions), demonstrated either by a positive shift in attitude when 

transitioning from the first format to the next or by that format simply being the one that 

authors focussed on. 
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Some, but not all authors will be able identify with the readers’ needs, and understand the 

advantages of presenting summaries before or alongside the main text. Providing authors 

with examples to read and experience for themselves will form an integral part of gaining 

acceptance. Support must come from journals to persuade authors to adopt these new 

formats, and it would help to develop tools that aid researchers in writing for them. 

These interviews provided some insight into modifications or improvements that authors 

would like to see to these formats. To get maximum benefit from the summaries, the expand-

and-collapse version should place a clearer visual emphasis on them. As of now, there is a 

visual imbalance between main sections and subsections, which causes the attention to be 

drawn by the expandable headings. Furthermore, the format should support hyperlinks within 

the article, that allow referencing of earlier and later sections, with the user being able to skip 

back and forth easily. This would especially be useful for the discussion section and for multi-

method studies. 

Although it would require further user testing to determine whether such a modification would 

remain easy to navigate, there is potentially a lot to gain by allowing expandable 

supplementary paragraphs within (collapsed) subsections. This would allow authors to 

disclose additional information of moderate length without weighing down the main body of 

the paper. 

The next step towards potential acceptance of these formats in the field, especially the 

expand-and-collapse format, would be to polish up the prototype and implement additional 

functions as described above, before approaching publishers and journals to gauge their 

stance towards providing such formats to their authors and readers.  

7.4.2. Limitations 
The main limitation of this study is the bias that could have been introduced during the 

selection process. As researchers tend to be very busy people, only those with a certain 

interest in the topic would be likely to take part. These could well be people who are more 

open to change in the world of science publication, or people with strong feelings about 

scientific articles one way or the other. It is therefore important to take participants’ responses 

as being indications of possible responses that one would encounter in the field, and not as 

being representative of the population as a whole. 

Furthermore, the three researchers interviewed all came from the same general field of 

behavioural sciences, a field that typically has an article structure that could be benefitted by 

the proposed solutions. These findings are likely not to carry over to the exact sciences, such 

as mathematical papers, where the content is much more concise, yet complete, but may carry 

over well into other fields where article length is an issue. As mentioned by one of the 

participants, different types of papers, even within the same field, may benefit in different ways 

from rethinking the report formats. This suggests that even a newly proposed format intended 

to replace the current ‘one-size-fits-all’ approach to papers is in itself not a one-size-fits-all 

solution. 

8. General discussion 

8.1. Overall conclusion 
Modern online reading strategies appear to be at variance with the way scientific papers are 

designed. Online journal articles are still predominantly PDFs optimized for printing, rather 
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than for online reading. In our study, we found that readers prefer shorter articles that allow 

easy and quick processing of the article’s main message. But, at the same time, they want in-

depth information to be available at their fingertips. We have attempted to address these user 

needs by developing and evaluating three design alternatives, all of which were designed to 

enable greater user control and access to in-depth information, without an initial information 

overload. Evaluations showed that two of these formats are able to improve the usability of 

scientific articles, with one having the most potential to gain support from authors. In short, 

this format, described in this paper as “Format 2”, provides readers with a summary of each 

section before going into depth. Subsequent subsections are displayed collapsed by default, 

allowing the user to easily choose what to read, while retaining an overview of the article and 

not being overwhelmed with text. 

Our work is motivated by a desire to make scientific information as easily accessible as 

possible, to the largest possible number of users. Little research is available to date that 

challenges the established scientific reporting standards from a point of view of design, 

usability and information processing. In view of changing online reading habits, we feel that 

many people – students and scholars alike – stand to benefit from a more accessible 

scientific reporting format.   

A student’s first encounters with journal articles could play a strong role in determining their 

future study and career path. If, in those first experiences, students experience barriers to 

accessibility of the information due to a mismatch with their existing reading habits, it could 

steer them away from a life in research or demotivate them from studying prescribed literature 

adequately. Furthermore, we fear that making scientific information inaccessible is degrading 

the quality of science. This inaccessibility exists in the form of information overload from long 

articles, but also in the omission of relevant information from papers. We found that a 

substantial portion of articles read were thought to lack depth, which can obstruct readers 

from assessing the quality of a paper and reduce the accuracy of any further research done. 

Furthermore, we expect that even seasoned researchers expend unnecessary time and effort 

on browsing articles and isolating relevant information, something that could be reduced by 

providing methods of extracting this information more quickly, as in our proposed formats. 

8.2. Limitations 
The main limitation is that it is thus far not exactly known how well these findings will transfer 

to other fields. Although Study 1 showed that the problem of article length is one that occurs 

broadly, the usability tests with students were performed with just one behavioural sciences 

paper and the authors interviewed were also active in that field. This could mean that attitudes 

among authors may differ in other fields or that articles in other fields might not be as well 

suited to the proposed formats. This would be a valuable direction for future research. 

Further limitations of individual studies were minor and are described in each study’s 

discussion section. 

8.3. Design implications 
The most important finding for designers of future article formats is that it can be effective to 

use summaries as a means of providing an overview of the text. Displaying them separately 

from or throughout the main text are both viable options. In any case, the relationship between 

summary and full text sections must be made clear visually, for example via labels and/or 

icons. We found that expandable subsections are an easily understandable and familiar way 
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to provide additional depth to users without adding clutter. This was successfully applied to 

hide away the main body text, only displaying summaries of each main section by default. 

The zoom-in-zoom-out metaphor applied in format 3 might be too unfamiliar in the context of 

text reading for users to immediately understand. We think it would require a visually 

networked, hierarchical navigational structure for users to understand the metaphor, as the 

linear navigation used caused confusion when summary sections were skipped. 

8.4. Industry implications 
This research shows that the changing needs of readers indeed call for an update to the 

traditional scientific article format. We feel that our work also clearly provides directions for 

innovations in relation to publishing scientific papers. As publishers are exploring new ways 

of serving their readers as well as their authors, we argue that digital platforms that contain 

features that allow the user to take control over the amount and depth of information 

presented will be more usable, and therefore more accessible to readers. With the current 

developments in digital article formats and the move towards open access, now is the perfect 

time to introduce these features. This research contains several concepts and many 

suggestions that would aid a publisher or journal looking to make this transition. 

For authors, this will likely require some extra work, but the pay-off for their readers may be 

well worth it. If the experience of reading scientific articles becomes more pleasant to 

students and scientists alike, that will surely have a positive impact on the quality of work, and 

the motivation of students to pursue a life in science. 
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