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6  Collaboration, participation and
transparency: the promise of digitizing 
academic research
Sascha Friesike and Benedikt Fecher

DIGITIZATION AND ITS PROMISE FOR SCIENTIFIC 
PROGRESS

With the increasing digitization of everyday life comes the promise of great 
improvements in how we live, work and communicate. A similar promise 
applies to academic research, where fundamentally new possibilities for 
knowledge creation and dissemination have arrived with the advent of 
the networked society (Castells, 2000). Many claim that academia is in 
the middle of nothing less than a scientific revolution (Willinsky, 2005; 
Reichman et al., 2011; Woelfle et al. 2011). Or as Michael Nielsen, in his 
often- cited book Reinventing Discovery on the digitization of research, 
puts it: ‘I believe that with hard work and dedication, we have a good 
chance of completely revolutionizing science’ (Nielsen, 2012, p. 206).

This revolution promises a great leap forward in scientific progress, 
based on the digitization of discovery and knowledge dissemination. 
Collaborative writing tools, online platforms, data archives, reference 
managers, and social networks for scientists allow researchers to collabo-
rate on a larger scale than ever before and to exchange research materials 
earlier in the research process. Furthermore, blogs and prepublication 
servers allow the prompt communication of findings to several audiences – 
these include scientists and interested non- professionals. Digitization, one 
might conclude, speeds up the process of discovery and ultimately makes 
research and research communication more inclusive. In this regard, 
research in the networked society promises to solve more complex prob-
lems more quickly than ever before. Further, it promises to better connect 
academic researchers to each other and to the rest of society, including 
individuals, industry and governments. The formerly closed system of 
academia has the potential to open up, become transparent and ultimately 
more efficient.

In this chapter, we identify three major opportunities for research in the 
digital age. We illustrate these opportunities with relevant examples, and, 
in the second half of the chapter, explain the major challenges that are 
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122  Research handbook on digital transformations

preventing these opportunities from becoming a reality. We conclude by 
identifying the stakeholders who can move the academic system forward 
and explain how they can help academia to seize the opportunities offered 
by digitized research.

THREE OPPORTUNITIES FOR THE ERA OF 
DIGITIZED RESEARCH

In this section, we will present the three opportunities for research in a 
digital age (collaboration, participation and transparency) and provide 
examples from a variety of fields. We will explain how they build on 
each other and how they can help to speed up discovery and improve the 
quality of research. Figure 6.1 provides a quick overview of these three 
opportunities.

Collaboration

Over time, research questions become increasingly complex, as low- 
hanging fruit gets progressively picked. In many fields, this has made it 
virtually impossible for a single researcher to develop meaningful insights 
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Figure 6.1 Three opportunities for the era of digitized research
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Collaboration, participation and transparency   123

quickly (Wuchty et al., 2007). This, in turn, explains the rise to prominence 
of co- authored publications. In STEM fields (sciences, technology, engi-
neering and mathematics) more than 90 per cent of all research studies are 
published collaboratively (Bozeman and Corley, 2004). In sociology, the 
number of co- authored papers has increased five- fold since the Second 
World War (Hunter and Leahey, 2008). Similar developments can also 
be observed in other fields, for instance, in political science (Fisher et al., 
1998) or in economics (Maske et al., 2003). Today, collaboration in the 
form of co- authorship is an established practice in most research areas.

However, co- authorship is only one form of collaborative research. With 
the advent of increasingly powerful digital research infrastructures, data 
sharing has received widespread attention (Tenopir et al., 2011; Fecher 
et al., 2015). Here, the original researchers make their primary research 
data available to others. In a way, sharing and reusing data reveals a more 
modular way of research collaboration as it prevents duplication in the 
collection of data. It also allows other researchers to validate the original 
work and thereby increases the quality and quantity of research. Given 
our initial assumption that research questions are becoming increasingly 
complex, it is fair to assume that the generation of research data is also 
increasing in complexity due to the interdisciplinarity of research questions 
and advancements in measurement technology. Moreover, researchers are 
facing increasing documentation requirements in order for sound datasets 
to be reusable. That means more time and manpower are needed to gen-
erate datasets that are rigorous enough to yield noteworthy conclusions. 
Once a research group has undertaken the task of collecting a dataset, 
other research groups might integrate it into their analysis and vice versa. 
A prominent example of this is the data generated by a particle collider 
such as CERN’s Large Hadron Collider. Most research groups simply 
do not have access to such a machine and therefore depend on the data 
gathered by the few who have. Moreover, novel data collection methods 
such as data scraping are likely to create datasets too complex or costly for 
a single research group to analyse fully. Big data analysis is becoming an 
important research method in many fields. However a research group in 
psychology will look at a dataset differently than economists. Researchers 
from different fields might therefore be able to answer completely different 
research questions on the basis of the same dataset. To make best use of 
rich datasets, it is reasonable to share them with others.

It is also plausible to assume that many future publications will not be 
based on a single dataset, but rather on a pool or federation of relational 
datasets that allow researchers to solve new questions. The collaboration 
opportunity is the first step towards the digitization of research. It requires 
the use of digital infrastructure to share research products. Research has 
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124  Research handbook on digital transformations

become so complex that it would take a polymath with a lot of time to 
develop a research design, collect sufficient data, analyse the data cor-
rectly, and publish the results. By and large, researchers are better off 
finding collaborators with whom they can jointly solve research ques-
tions. Digital tools make this process easier, as researchers can simultane-
ously work on documents online, share datasets in online repositories, or 
 interact quickly regardless of their physical distance.

Participation

Once researchers have embraced the notion that they have to collaborate 
in order to solve research questions, the complexity of the questions that 
can be solved increases. Yet a group of researchers is also limited in time 
and manpower. And many research problems are too resource intensive 
for even large research groups to solve. This is where the participation 
opportunity comes into play. Instead of solving a difficult task within 
their group, researchers can publicize the problem and find volunteers to 
help them. Related to the concept of crowdsourcing, this kind of research 
is also referred to as crowd science or participatory research (Franzoni 
and Sauermann, 2014). In this chapter, we use the term ‘participatory 
research’ to refer to situations in which a group of volunteers is asked 
to – or allowed to – participate in a research project. An example of par-
ticipation can be found in distributed computing where volunteers offer 
their private computers for scientific purposes. SETI@home, for instance, 
is a distributed computing project. Its primary purpose is to investigate 
phenomena in interstellar space. Anyone with an Internet- connected com-
puter can participate by running a software programme that downloads 
and analyses radio telescope data. A similar development can be seen in 
protein research with Rosetta@home. Distributed computing is a strategy 
to conduct processing- intensive research with the help of volunteers.

Distributed computing is only one example illustrating the participation 
opportunity: harvesting collective wisdom is another one. ARTigo, for 
instance, is a research project based in Munich (Germany) that analyses 
the content of thousands of historic paintings. The researchers devised a 
game that lets volunteers label historic paintings that are shown in their 
web browser. Users can play against each other, and whoever labels best 
– with respect to consistency with previous labels – wins (similar to the 
well- known CAPTCHA project). The art historians in the project use the 
data to make paintings easily findable online and to derive research results 
that can only be seen when the data on thousands of pictures is pooled 
together. Another example of crowd science is the Open Philology Project. 
The project asks volunteers to translate and to annotate classical texts 
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Collaboration, participation and transparency   125

(ancient Greek and Latin), creating a comprehensive library of classical 
philology. The Open Philology Project allows its researchers to conduct 
comparisons among hundreds of authors and thereby expands the unit 
of analysis. Another often cited example is Tim Gowers’s Polymath 
project (Cranshaw and Kittur, 2011; Ball, 2014). He posted a mathemati-
cal problem on his blog and asked his readers to post ideas for a solution 
(Gowers and Nielsen, 2009). The initial problem for this project was to 
find a new combinatorial proof to the density version of the Hales–Jewett 
theorem. After seven weeks, Gowers announced that not only had the 
problem itself been solved, but also a spin- off problem. Forty people 
helped to solve the two problems. The participation opportunity shows 
how science can benefit from opening up to volunteers, thereby expanding 
the notion of collaboration to include anyone who is willing to join. This 
allows researchers to target problems that were not previously solvable. 
Online platforms make it possible to reach a large audience of volunteers 
and to streamline the process.

Transparency

The transparency opportunity means that researchers share information 
as early and as freely as possible in the discovery process. This can be seen 
as a consequence of the collaboration and participation opportunity. On 
the one hand, the integration of volunteers demands a certain transpar-
ency regarding the research and the outcomes. On the other hand, the 
increasing amount of published research demands new ways of revisiting 
results. Accordingly, we see three aspects supporting the transparency 
opportunity.

First, the willingness of volunteers to participate is largely determined 
by the output format. That means volunteers are far more hesitant to 
invest their time in a project that limits access to its results. However, 
if researchers make the jointly created results openly available (think of 
a Wikipedia type website), volunteers will be more likely to participate 
(Bitzer et al., 2007). Volunteers are more willing to contribute if they can 
see that they are working for the common good. Similar behaviour can 
be seen in the open source community, where volunteers are motivated to 
develop and share free software (Hertel et al., 2003; Shah, 2006).

Second, in many research settings, the quality of volunteer work 
depends on how many people can perform a plausibility check. For 
example, the German crowd science project ‘Stunde der Gartenvögel’ 
(‘The hour of the garden birds’) asks volunteers to count birds close to 
their homes and note the kind of birds they have seen, the location and 
the time. Other volunteers can then judge the likelihood of each sighting. 
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If someone reports seeing a penguin in the Alps, the sighting would be 
excluded from the dataset until other volunteers verify it or the local zoo 
reports a missing penguin.

Third, the rising amount of research data calls for new methods of 
achieving scientific results. Big data analysis is – as the name suggests – 
based on large datasets. Researchers from other fields and with completely 
different research questions can make use of existing datasets if these are 
openly available. To provide an example: researchers conducted a study 
on climate change based on data from a German bird- watching platform 
(Devictor et al., 2012). Given the richness of many datasets, it is often 
unclear for what purpose this data could be used and which research 
questions it might answer. Only if data is available and comprehensible, 
that is, if data and code are easy to find and annotated in way that makes 
them easy to use, can it contribute to improving the body of scientific 
knowledge.

Taken together, the above three reasons show that increasing the 
level of transparency can benefit scientific progress. This is not only true 
with regard to data but also with regard to research communication. 
Researchers who work with volunteers face the challenge of communicat-
ing their research ideas and results to a non- expert audience. In all likeli-
hood, this will not be a substitute for expert publications. Especially given 
the increase in the complexity of research questions, it seems improbable 
that academic communication will see an era of simplification. Rather, it 
will probably see an era of diversification, in which researchers will have 
to find additional ways to communicate findings and research ideas to 
various interest groups. Promising avenues for doing so include science 
blogs like the German SciLogs or science podcasts like the Resonator 
podcast of the Helmholtz Association of German Research Centres. The 
main challenge of this kind of research communication will be keeping 
volunteers engaged. Researchers who can continuously demonstrate the 
meaningfulness of their work will be able to create an online following that 
will give them an advantage over those researchers who cannot.

CHALLENGES ASSOCIATED WITH THE THREE 
OPPORTUNITIES

Compared to other institutional transformations, the digital revolution 
in academia is moving at a rather slow pace. In many ways, the system 
of academic knowledge creation and dissemination has not changed 
much since the eighteenth century when academic journals were estab-
lished as the standard mechanism to distribute new knowledge (Nielsen, 
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Collaboration, participation and transparency   127

2012). This lack of change is especially noteworthy, as the promise of 
digitized research is not a recent phenomenon. When the World Wide 
Web was developed more than 25 years ago, its purpose was to make 
academic research processes more efficient and to allow researchers to 
share data and results quickly (Berners- Lee, 1989). Today, however, 
we have to admit that, despite its potential for knowledge creation 
and dissemination, digitization has not gained acceptance in academia 
to the extent that many expected (Bartling and Friesike, 2014). In the 
following subsections, we will explain how the prevailing value system 
in academia slows down the adoption of the three ideal practices here 
advocated.

Challenges for Collaboration

While co- authorship is compatible with the reputation mechanisms – and 
thereby career considerations – of academic researchers, data sharing 
is not. A researcher’s professional advancement is often bound to his/
her number of publications in noteworthy journals. Sharing data could, 
however, harm a researcher’s professional advancement for two reasons. 
First, by sharing data, researchers risk having others publish on the 
basis of their data. Hence, the original researcher might lose some of his/
her competitive advantage over other researchers. Second, he/she risks 
having other researchers tamper with the data and falsify published results 
(Fecher et al., 2015). Given these potential downsides, individual research-
ers tend to withhold data they collected. If a journal requests the sharing 
of data in order to get published, researchers often comply but document 
their data poorly (Dewald et al., 1986; McCullough, 2009; Boekel et al., 
2015). This leads to a situation in which the data is technically shared but 
it is not reusable, as nobody else can make sense of it.

The concept of data sharing advances the scientific system, as it allows 
for the verification of research results and helps answer novel research 
questions. Nonetheless, in a system geared towards maximizing the 
number of published articles, data sharing comes with more risks than 
benefits for the individual researcher. Many researchers consider data and 
software code merely as raw materials that are needed to get publications. 
They do not consider them to be research products in themselves. This 
is why, in many cases, collaboration among researchers does not extend 
beyond co- authorship. With few exceptions, modular concepts of aca-
demic research collaborations are not common. The successful cases that 
are often mentioned, like the Human Genome Project (Collins et al., 2003) 
or the Sloan Digital Sky Survey (York et al., 2000), were established as 
top- down projects by large research entities.
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Challenges for Participation

When researchers publicize problems and invite virtually anyone to join 
them, a number of challenges arise. The first challenge we see lies in the 
process of making research participatory in the first place. While collabo-
rative research (in the form of joint grant applications or publications) 
is well established in most disciplines, participatory research or crowd 
science is a new, and therefore not fully developed, research paradigm. 
Simply broadcasting a research question does not make science more 
efficient nor does is solve problems that were previously unsolvable. In 
order to make the most out of the crowd’s potential, the entire process 
must be tailored to this research method. However, there are no textbooks 
on crowd science and only a few researchers have experience in conceiving 
and conducting studies in this way. By and large, we have limited knowl-
edge on how to design research projects that can engage a group of volun-
teers. We also lack a thorough understanding of how to keep the crowd 
motivated. Many projects are able to attract volunteers with an interesting 
research question or an elaborate marketing campaign, but they fail to 
keep them on board for long. This is especially worrisome in situations 
where volunteers become more valuable over time, for instance, as they 
learn a specific skill. A simple example of this is projects that ask volun-
teers to categorize data (for example, which bird can be seen on a photo). 
The longer the volunteers work for such projects, the better they see subtle 
differences and the better their reported results become.

A second challenge we see in the adoption of a participatory research 
design lies in quality control. Researchers lose some degree of control 
when part of the research process is outsourced to a group of volun-
teers. In many crowd science projects, the data collection depends on 
the knowledge and understanding of the volunteers involved. As these 
volunteers are a group of unknown individuals, quality control becomes 
a critical aspect of a working crowd science project. Currently, we see 
two established concepts for quality control: redundancy and seniority. 
Redundancy means that a single dataset is looked at by several people. 
Data points that yield unclear results are either looked at by an expert 
or the most common results are retained. Redundancy is not always pos-
sible. Crowd science projects that collect data from the aforementioned 
bird watchers, for instance, will only have a single sighting per bird per 
location. In such cases, seniority is often used to guarantee data quality. 
Seniority means that volunteers with experience have more say within the 
community than novices. Senior volunteers can overrule data points from 
volunteers with less experience.

The third challenge we see in participatory research is the question 
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of ownership. Who gets to see the entire dataset and who can use it for 
publication purposes? While volunteers are often driven by an interest in 
creating a common good, many academic researchers are interested in 
publishing research articles. This clash of interests can potentially harm 
a research project. Currently, many crowd science projects are not initi-
ated by academic researchers but by interest groups. In these cases, the 
interest of the project initiator and the participants are in line; both want 
to create a dataset that contributes to the common good. In these cases, 
academic researchers come into play at a later stage. For instance, they 
might make use of the data generated by a crowd science project because 
it helps them to answer a research question. The above- mentioned case 
of climate research using data from a bird watching community is an 
example of this.

Challenges for Transparency

The challenges for transparency are closely linked to the challenges for 
collaboration. Again, researchers are reluctant to share data and code 
for the above- mentioned reasons (someone else might publish with it, 
someone might falsify results, or quality control might be too costly). In 
the case of the transparency opportunity, however, this kind of sharing 
does not happen between individual researchers. It happens publicly. This 
public sharing implies further challenges.

First of all, researchers do not know who might be interested in their data 
and who will use it and for what purpose. With many datasets, there are 
ethical considerations that go beyond competitive publishing advantages. 
Imagine a management scholar who has conducted in- depth interviews 
with several firms. In his/her published article, the firms are anonymized. 
From the raw data, however, it might be possible to find out which firm 
is which. Other firms could look into the dataset and find out sensitive 
information about their competitors. Another extreme example that helps 
to illustrate this challenge is location data of endangered species. Imagine 
a platform that would publish location data on rhinoceros. While this data 
might be eye- opening to some researchers, it would provide poachers with 
the opportunity to easily find wild prey. In general, the academic system 
would be better off if the data was publicly available. However, there are 
cases where the possible side- effects outweigh the benefits. Researchers 
have to develop a keen sense for the potential misuse of their data.

Besides ethical challenges, there are also legal ones. Not every dataset 
is legally publishable. Patients in medical trials who had agreed to partici-
pate in a study might regret their decision following the publication of the 
results. Data might also be unpublishable due to privacy issues. In any 
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case, researchers need to develop a good understanding of the legal aspects 
of data sharing.

Furthermore, by publicly sharing data, researchers run the risk of 
it being tampered with or falsified. As mentioned, this is one reason 
why researchers rarely store data publicly and document it poorly. 
Nonetheless, replication studies are a necessary corrective for a healthy 
scientific enterprise. A prominent example of the critical role played by 
replication studies is the case of Carmen Reinhart and Kenneth Rogoff. 
Their study ‘Growth in a time of debt’ (Reinhart and Rogoff, 2010), which 
appeared in the American Economic Review, had tremendous influence on 
the public debate and gave politicians around the world an argument in 
favour of austerity policies. It was only after a research group from the 
University of Massachusetts at Amherst conducted a replication study 
that serious errors stemming from the ‘selective exclusion’ of relevant data 
and the ‘unconventional weighting’ of statistics were discovered (Herndon 
et al., 2014).

In addition to these challenges, the communication of results to various 
audiences is not necessarily a traditional strength of academic researchers. 
Nonetheless the integration of volunteers alongside the increasing inter-
disciplinarity of research projects suggests novel ways for scholarly com-
munication. One challenge that comes with research in a digital society is 
therefore its communication to various audiences. Gowers, for instance, 
used a blog to communicate directly with participating volunteers in the 
Polymath Project. Many researchers are not equipped to communicate 
by other means than academic publications. They are used to writing 
scientific articles that their peers can understand. Developing a language 
that interests a larger audience and possibly laypeople is a challenge that 
researchers have not had to deal with in the past.

OVERCOMING THE CHALLENGES

The adoption of the digital opportunities requires a rethinking of the 
incentive system in academia. In the following paragraphs, we will explain 
what can be done to bring to fruition the promise of digitized academic 
research.

Promising concepts such as data sharing or the inclusion of volunteers 
in the research process are championed in theory, but the research reality 
remains largely unchanged. The system of academic publishing keeps 
alive a functional yet suboptimal solution. To a large degree, this is due 
to the incentive structure in academia and more precisely the established 
publishing system. Academia can be understood as a reputation economy 
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(Fecher et al., 2015), a system in which researchers draw motivation from 
what has a positive effect on their reputation within a specific community. 
In nearly all areas of academic research, this reputation is strongly linked 
to journal publications. Hence, researchers’ activities are geared towards 
increasing their number of publications in renowned peer- reviewed jour-
nals. This explains why co- authorship has become a popular practice, as it 
results in more publications for all the authors involved. Here, researchers 
have developed a collaboration form that is in line with established output 
formats. For this purpose authors use digital tools. They use online cita-
tion managers like Zotero (Gilmour and Cobus- Kuo, 2011); they write 
in collaborative online environments like ShareLaTeX (Scheliga, 2015); 
and they exchange datasets and scripts with co- authors by using tools like 
Dropbox or Box. Other promising forms of collaboration, for example 
the sharing of intermediate products such as research data, receive almost 
no formal recognition and do almost nothing for the reputation of a 
researcher (Fecher et al., 2015). It is illogical for an academic researcher 
to make primary research data available to others at an early stage in the 
research process. In the prevailing academic value system, it is far more 
logical to withhold data as long as possible and draw several publica-
tions from it. The same holds true for opening the research process to 
volunteers. Discovery is driven by an authorship paradigm that does not 
necessarily welcome a large number of volunteers with varying degrees of 
participation. With each additional author, the value of a publication for 
the individual scientist decreases (Bikard et al., 2015). This leads to a situa-
tion in which, instead of asking, ‘What does it take to answer an important 
research question?’ many researchers ask, ‘What can I get published with 
the smallest team possible?’

Academia is a reputation economy in which neither money nor a 
common goal foster the exchange of information among researchers. 
Hence, rethinking reputation and impact considerations is the most prom-
ising way to speed up the adoption of more collaborative practices. Along 
these lines, Ioannidis (2014, p. 1) argues: ‘Modifications need to be made 
in the reward system for science, affecting the exchange rates for curren-
cies (e.g., publications and grants) and purchased academic goods (e.g., 
promotion and other academic or administrative power) and introduc-
ing currencies that are better aligned with translatable and reproducible 
research’.

The decentralized nature of academic research makes it robust in the 
face of short- term trends. However, in a situation like the one we are cur-
rently facing, this robustness makes changes difficult to achieve. If the 
three opportunities of digital research were grasped, this would enable the 
academic system to answer more complex research questions and to verify 
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results better. We see four main stakeholders in the academic system that 
can help to embrace the opportunities.

Research funders: research is costly and much of the costs are covered 
by research funders. This puts them in a powerful position with regard to 
advancing the current research. Funders could favour grants for trans-
parent research projects, for projects that integrate volunteers into the 
research process (at least in the form of knowledge transfer), and projects 
that have a clear data management plan. In Europe the EU is starting 
to embrace data publications in its Horizon 2020 programme. However, 
instead of forcing all researchers to publish data, it would be reasonable 
to reward those that do. Funding agencies could award prizes for the best 
datasets, which would motivate more researchers to share (Friesike et al., 
2015).

Universities: universities educate future researchers and could do their 
part by integrating digital data management and science communication 
into their curricula. It is important for young researchers across disciplines 
to better understand the possibilities and necessities of digitized research. 
Replication studies could also become part of the curriculum. Instead of 
focusing solely on the generation of novel insights, universities could teach 
students to verify or falsify existing results.

Research institutes: institutes and organizations need to motivate their 
researchers to communicate early about their research. Decisions on who 
to hire could also be based less on publication lists. Researchers with 
methodological skills like computational biology or network analysis will 
hardly come up with the number of first author papers that other research-
ers have, yet they collaborate more often and might therefore help an 
institute more than a researcher with a more impressive publication list. 
Research institutes could also help their researchers to improve their com-
munication practices. This is especially helpful if researchers have to com-
municate to several audiences. The field of science communication will 
become even more important with the increase of crowd science projects.

Individual researchers: it is useful to differentiate between established 
and young researchers. Young researchers can rarely change the working 
habits of their institutes. They can, however, inform and raise awareness. 
To do so they need to engage with the three opportunities of digitized 
research. Established researchers, on the other hand, enjoy a higher degree 
of academic freedom. They can engage in novel research methods without 
running the risk of losing their jobs. This puts them in a powerful position 
in which they can innovate without much risk. Established researchers 
have to grasp this opportunity.

Overall, the research landscape will become more digitized as time goes 
by. It is incumbent on the research community to decide upon the pace 
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and direction of progress. Everyone active in it will have to make his or her 
own decisions on how to move this somewhat outdated system forward. 
The sooner academia embraces the three opportunities of digitized 
research, the sooner we will be able to provide answers to the increasingly 
complex research questions that we face today.
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