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Abstract: Scholarly research faces-sewvere threats to its sustainability on multiple domains
(access, incentives, reproducibility, inclusivity). We argue that “after-the-fact” research
papers do not help and actually cause some of these threats because the chronology of the
research cycle is lost in a research paper. We propose to give up the academic paper and
propose a digitally native “as-you-go” alternative. In this design, smallerpieeesmodules of
research outputs are communicated along the way and are_directly linked to each other to
form a network of outputs that can facilitate research evaluation. This embeds chronology in
the design of scholarly communication and facilitates recognition of more diverse outputs
that go beyond the paper (e.g., code, materials). Moreover, using network analysis to
investigate the relations between linked outputs could help align evaluation tools with
evaluation questions. We illustrate how such ana modular “as-you-go” design of scholarly
communication could be structured and how network metriesindicators could be computed
to assist in the evaluation process, with specific use cases for funders, universities, and
individual researchers.

Keywords: evaluation; network; communication; paper; metaresearch; decentralization;
decentralisation; publishing

1. Introduction

Scholarly research faces-sewvere threats to its sustainability and has been said to face
a reproducibility crisis [1] amongst other pernicious problems such as access and exclusivity.
The underlying cause might be the way we have collectively designed the reporting and
rewarding of research (implicitly or explicitly). The current scholarly communication system
is primarily organized around researchers who publish static (digital) research papers in
scholarly journals. Many of these journals have artificial page limits (in the digital age),
which leads to artificial scarcity and subsequently increases the perceived prestige of such a
journal due to high rejection rates: (71% on average for APA journals in 2016;
perma.cc/Q7AT-RN5C). Furthermore, scholarly communication has become highly
centralized, where over 50% of all papers are published by as little as five publishers (over
70% for social sciences) [2]. Centralization has introduced knowledge discrimination, as
publishers are able to influence who can access scholarly knowledge, what gets published,
and allows for other single points of failure to arise with their own consequences (e.g.,
censorship; https/perma.cc/HDX8-DJ8F). In order to have a sustainable scholarly research
system, severe-changes-arewe consider it necessary to implement changes that provide a
more—eoherentanswer—to—alprogress on multiple of these threats_at once instead of
addressing them individually.

TheSystems design-efa-system directly affects what the system and the people who
use it can do; scholarly communication still retains an analog based design affecting the
effectivity of the spread and production of knowledge dissemination (its=eal)-see also [3]).
Researchers and institutions are evaluated on where and how much papers they publish (as a
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form of prestige). For example, an oft-used measure of quality is the Journal Impact Factor
(JIF) [34]. The JIF is also frequently used to evaluate the ‘quality quality’ of individual
papers under the assumption that a high impact factor predicts the success of individual
artielespapers (this assumption has been debunked many times) [4-65-7]. Many other
performance metriesindicators in the current system (e.g., citation counts and h-indices)
resort to generic bean counting. Inadequate evaluation measures leave universities, individual
researchers, and funders (amongst others) in the dark with respect to the substantive questions
they might have about the produced scholarly knowledge. Additionally, work that is not aptly
captured by the authorship of papers reeeivesis likely to receive less recognition despite
potential-value-(e.9., writing software code)-) due to reward systems counting publications
instead of contributions (see also perma.cc/MUH7-VCAD9). It is impessibleunfeasible that a
paper-based approach to scholarly communication can escape the consequences of

paper'spaper’s limitations.

A scholarly communication system is supposed to serve five functions, but can do so
in a narrow sense as it currently does, or in a wider sense. These functions of the scholarly
communication system are (1) registration-, (2) certification-, (3) awareness-, and (4)
archival [8], and (5) incentives [9]. A narrow fulfillment of for example the registration
function would mean that findings that are published are registered, but not all findings are
registered (e.g., due to selective publication; [10]). Similarly, certification is supposed to
occur through peer review, but peer review can exacerbate human biases in the assessment
of quality (e.q., statistical significance increasing the perceived quality of methods; [11]).

We propose an alternative design for scholarly communication based on
piecemealmodular research outputs with direct links between subsequent extputsmodules,
forming a network. Whereas a paper based approach communicates after a whole research
cycle is completed, =

eﬂ—aﬂ—as—yleﬂ—ge—basw%ese—pieeesmodular communication was proposed two decades

ago [9,12-16]. These modules could be similar to sections of a research paper, but extend to
thingsmodular research outputs such as software or materials. An—as—yea—ge—
communication-designWe propose to implement this modular communication on an “as-
you-go” basis and include direct links to indicate provenance. This respects the chronological
nature of research cycles and decreases the possibility for pernicious problems such as
selective publication and making predictions after results are known (HARKIing) [#17].

With a network structure between piecermeat-eoutputsmodules of knowledge, we can
go beyond citations and facilitate different questions about single- or collectives of
knowledge. For example, how central is a single exwtputmodule in the larger network? Or:
How densely interconnected is this collective of knowledge eutputsmodules? A network
could facilitate question-driven evaluation where a—metrican indicator needs to be
operationalized per question, instead of metriesindicators that have become a goal in
themselves and become invalidated by clear cheating behaviors [8,918,19]. As such, we
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propose to make evaluation of research its own research process with question formulation,
operationalizations, and data collection (i.e., constructing the network of interest).

2. Network structure

Research outputs are typically research papers, which report on at least one research
cycle after it has occurred. The communicative design of papers embeds hindsight and its
biases in the reporting of results: by being inherently reconstructive. Moreover, this design
eliminates the verification of the chronology within a paper. On the other hand, the paper
encompasses so much that citations to other papers can indicate a tangent or a crucial link.
Additionally, the paper is a bottleneck for what is communicated: It cannot properly deal
with code, data, materials, etc.

When stages of research are communicated separately and as they occur, it changes
the communicative design to eliminate hindsight and allows more types of outputs to be
communicated- as separate modules. For example, a theory can be communicated first and
hypotheses communicated afterwardssecond, as a direct descendant of the theory.
Subsequently, a study design can be linked as a direct descendant of the hypotheses, materials
as a direct descendant of the design, and so on. This would allow for the incorporation of
materials, data, and analysis code (amongst others). In this structure, many rnedesmodules
could link to a single redemodule (e.g., replication causes many data nedesmodules to
connect to the same hypotheses redemodule) but one redemodule can also link to many
other redesmodules (e.g., when hypotheses follow from multiple theories or when a meta-
analytic redemodule is linked to many results redesmodules).

Figure 1 shows atwo simple exampleexamples of how these different modular
research outputs (i.e., redesmodules) would directly connect to each other. The connection
between these nedesmodules only shows the direct descendance and could still include
citations to other pieces of information. For example, a discussion seetienmodule could be
a direct descendant of a results seetienmodule and could still include citations to other
relevant findings. When one research cycle ends, a new one can link to the last nede;
continuing—the—chain—of-deseendaneemodule, continuing the chain of descendance.
Incorporating the direct descendancy of these knowledge modules builds a different kind of
network than citation and authorship networks. As such, this network would be an addition
to these already existing citation and authorship networks; it does not seek to replace them.
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Figure 1. ATwo Directed Acyclic Graph{BAGGraphs (DAGs) of connected research
stages. The ordering is chronological (top-bottom) and therefore nedesmodules that are
situated below one another cannot refer upwards. Panel A shows a less complex network of
modules; Panel B shows a more extensive network of modules.

Given that these piecermeatmodular outputs would be communicated as they occur,
chronology is directly embedded in the communication process with many added benefits.
For example, preregistration of hypotheses tries to ensure that predictions precede
observations, which would be embedded with piecemealmodular communication where
predictions are communicated when they are made-_[20]. Moreover, if researehkmodular
outputs are communicated as they are produced, selective reporting (i.e., publication bias) is
reduced by having already communicated the data before results are generated.

With immutable append-only registers, the chronology and content integrity of these
outputs can be ensured and preserved over time. This can occur efficiently and elegantly with
the Dat protocol-_(without a blockchain; perma.cc/GC8X-VQ4K). In short, the Dat protocol
is a peer-to-peer protocol (i.e., decentralized and openly accessible) that provides non-
adjustable timestamps to each change that occurs within a folder, which is given a permanent
unique address on the peer-to-peer Web (3664 addresses possible) [#621]. The full details,
implications, and potential implementations of this protocol for scholarly communication fall
outside of the scope of this paper-_(an extended technical explanation of the application of
the Dat protocol can be found here https://dat-com-chris.hashbase.io).



https://perma.cc/GC8X-VQ4K
https://web.archive.org/web/20180316145316/https:/dat-com-chris.hashbase.io/

144
145
146
147
148
149
150
151
152
153
154
155
156

157
158
159
160

161

162
163

21 Metries

A continuous and network based communication system could take a wider
interpretation of the scholarly functions it is supposed to serve [8,9]. Registration would
become more complete, because selective publication based on results is preempted by
embedding communication before any results are known. Certification is improved by
embedding the chronology of a research cycle into the communication of research, ensuring
that predictions precede results [20]. Awareness is improved by using open by design
principles, whereas awareness is now limited by financial means to access scholarly papers
[22]. Archival would not only be simplified with peer-to-peer protocols, but also allows
anyone to create a copy and could result in excessive redundancy under the Lots Of Copies
Keeps Stuff Safe principle [23]. In the next sections, we extend on how incentives could be
adjusted in such a network structure, to facilitate both the evaluation of research(ers) and the
planning of research.

3. Indicators

With a chronological ordering of various modular research outputs and their parent relations,
a directional adjacency matrix can be extracted for network analysis. Table 1 shows the
directional adjacency matrix for Figure 1. Parent redlesmodules (i.e., modules) must precede

Jg-1)
2

filled in, where ] is the number of research eutputsmodules.

the child redesmodules in time, therefore only of cells of the adjacency matrix are



164
165
166

167

169

70

171

173

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

Table 1. Directional adjacency matrix for Figure 1. Nedesmodules are ordered according to
time (top-bottom in Figure 1). Rows indicate the source redemodule, columns indicate the
target nedemodule.

node0l node02 node03 node04 node05 node06 node07 node08 node09

- 1 0 1 0 0 0 0 0
node01

node02 - - 1 0 0 0
node03 - - - 0 0 0
1
0

node04 - - - - 1
node05 - - - - -
node06 - - - - - - |
node07 - - - - - - -
node08 - - - - - - - -
node09 - - - - - - - -

[ =
- o = O O O
S O O = = O O

With a directional adjacency matrix, countless network metriesindicators can be
calculated that could be useful in research evaluation depending on the questions asked.
However, not all network metriesindicators are directly applicable because a time based
component is included in the network (i.e., new outputs cannot refer to even newer outputs).
Below, we propose some basic network metriesindicators for evaluating past and future
research outputs.

Networks metriesindicators could be used to evaluate the network as it exists now or
how it developed in the past (i.e., backward-looking evaluation). For example, in-degree
centrality;—a_could be used to identify highly interconnected modules of information. This
measure ineieatingindicates how many child redesmodules are spawned by a parent rede

can—be-used-as—a—measure—to—quantifymodule and indicates how much new work a
researehersresearcher’s output stimulates rew—knowledgeproducing—efforts—(e.g.,
nedeB4module04 in Table 1 would have an in-degree centrality of three). To contextualize
this, an—example-ecould-be-that-a data nede—spawnsmodule could spawn four results
seetiensmodules, hence has an in-degree centrality of four. This measure would look only
at one-generation of child nedesmodules, but other measures extend this to incorporate
multiple generations of child nedes{e-g—Katzeentrality - H-(pp—206-230)-modules.
Katz centrality extends this and computes the centrality over N_generations of child modules
[24] whereas traditional in-degree centrality calculates centrality for N = 1_generations. For
example, two data nedesmodules that each spawn five results redesmodules would have
the same in-degree centrality, but could have different Katz centrality if only one of those
two networks has a third-generation of nedes—ineladedmodules included. If multi-
generation indicators are relevant, Katz centrality measures could provide operationalizations
of such measures.
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Another set of network metriesindicators could be used to evaluate how the network
would change when new nedesmodules are added in the future (i.e., forward-looking
evaluation). For example, a researcher who is looking for ways to increase the density in their
own network, could ask the question ““If | would add one redemodule that has Mk parents,
which addition would increase the density the most2“?” Subsequently, the researcher could
inspect the identified connections for inspiration and feasibility. Complexity of the new
nodemodule could be increased by increasing the number of parent nedesmodules to
connect (Mk in the question; e.g., five instead of two). Potentially, this could facilitate
creative thinking, where Nk is gradually increased over time to increase the complexity of
the issue from a network perspective.

3The indicators we highlighted here are simple proposals. Other indicators from
network analysis and graph theory could be applied to the study of knowledge development
when a network structure is available and we hope to see suggestions to answer questions
about the network. These kinds of analyses are already done within citation networks (e.qg.,
[25]) and authorship networks (e.g., [26]), but we cannot do so with the provenance or
planning of knowledge generation in the current scholarly communication system.

4. Use cases

We describe three use cases of network based evaluation to contextualize the ideas
proposed above. For each use case, we first provide a general and non-exhaustive overview
of the possibilities with network based evaluation. Subsequently, we specify a scenario for
that use case, how an evaluation question flows from that scenario, how a-metriean indicator
to answer that question could be operationalized, and how that metrieindicator could inform
the evaluation process. With these use cases we hope to illustrate that network based
evaluation weultdcould align better with the implicit evaluation criteria already present in
common research evaluation scenarios.

3.1 Funders

Funders of scholarly research often have eertainspecific aims when distributing their
financial resources amongst researchers. Currently—fundersFunders often use generic
““one size fits all“smetries” indicators to evaluate the quality of researchers and research
(e.g., JIF, h-index, citation counts). Given that fandersfunding calls often have specific aims
%ﬁt—h—f—ﬂﬁd—l—ﬂg—e&ﬁs these funding calls could £eiambe used as the basis of research

speeifie goals—than_if we move bevond these generic Heﬁeﬂs—ef—mﬂeva%}eﬂ—ef

“diseovery—-measures.
One—speeifieA scenario is—that—efcould exist where a funding agency ealling—for
propesalswants to fund researchers to extend an already—existing and interconnected

research line. This is not an implausible scenario, where funding agencies aim to fund several
million dollars (or similar in other currencies) in order to increase follow through in research
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lines. A specific example might be the Dutch national funding agency ““Vici~” funding
scheme, which aims to fund ““senior researchers who have successfully demonstrated the
ability to develop their own innovative lines of research“” (https://perma.cc/GB83-RE4J).

Whether researchers who submitted proposals actually hawe—-built a connected
research line could be evaluated by looking at how interconnected each
researcher'sresearcher’s personal network of modules is. Let us assume that a research line
here would mean that new research efforts interconnect with previous efforts by that same
researcher (i.e., building on previous work). Additionally, we could assume that building a
research line means that the research line becomes more present in the network over the
years. Building a research line thus could be reformulated into questions about the network
of directly linked output and its development over time.

Operationalizing the concept ‘research kneline’ as increased interconnectedness of

e&tp&tsmodules over time, we could compute the network den3|ty ef—a—n—a—ppheem—t—e%lef

f—u—nding—sehemeger year. One way of computing densny would be to tally the number of
links and divide them by the number of possible links. By taking snapshots of the network of
outputs of that researcher in for example the last five years on January 1st, we could compute
a—metrican indicator to inform us about the development of the researeher'sresearcher’s
network of outputs.

The development of network density over time could help inform the evaluation, but
one measure could hardly be deemed the only decision criterion. As such, it only provides an
indication as to whether an applicant aligns with the aim of the funding agency. Other
questions would still need to be answered by the evaluation committee. For example, is the
project feasible or does the proposal extend the previous research line? Some of these other
questions could also be seen as questions about the future development of the network and

nvestigated,—supplyinga—set-of metries—with—whiehserve as their own questions to
evaluateinvestigate the applicant on.

3.2 Universities

Universities can use research evaluation for the internal allocation of resources and
to hire new scientists. A/As such, a research group within a university could useapply network
analysis to assess how (dis)connected a greup‘s-eutputsgroup’s modules are or how their
group compares to similar groups at other institutions. Using network setriesindicators, it
wonld-alsecould become possible to assess whether a job applicant fulfills certain criteria,
such as whether their extputsmodules connect to existing euwtputsmodules of a group. If a
university wants to stimulate more diversity in research background, network analysis could
also be used to identify those who are fartherfurther removed from the current researchers
at the institution. Considering that universities are often evaluated on the same generic
metriesindicators as individual researchers (e.g., JIF) in the rankings, such new and more

precise evaluation tools might also help specify geals-efa-university-and reduce-therat
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foeus-on-qrestion—and-misstonakigned-evaluation-university goals.
Extending the scenario above, imagine a research group that is looking to hire an assistant
professor with the aim of increasing connectivity between the greup-sgroup’s members. The
head of the research group made this her personal goal in order to facilitate more information
exchange and collaborative potential within the group. By making increasing connectivity
within the group an explicit aim of the hiring process, it can be incorporated into the
evaluation process.

In order to achieve the increased connectivity within the research group, the head of
the research group wants to evaluate applicants relatively but also with an absolute standard.
Relative evaluation faeilitatescould facilitate applicant selection, but absolute evaluation
faeilitatescould facilitate insight into whether any applicant achieves-the-gealis sufficient
to begin with. In other words, relative evaluation here asks which is the best applicant,
whereas absolute evaluation asks whether the best applicant is good enough._These decision
criteria could be preregistered in order to ensure a fair selection process.

Increased connectivity earrcould be computed as a difference measure of the research
greup-sgroup’s network density with and without the applicant. In order to take into account
the number of produced ewtputsmodules, the computed density takescould take into
account the number of eutputsmodules of an applicant. Moreover, the head stipulates that
the minimum increase in network density needs to be five percentage points. To evaluate
applicants, each gets a score that is made up of the difference between the current network
density and the network density if they were hired. For example, baseline connectivity within
a group might be 60%, hence, the network density has to be at least 65% for one of the
applicants to pass the evaluation criterium.

If the head of the research group relied purely on anthe increase in network density
metrieas an indicator without further evaluation, a hire that decreases morale in the research
group could easily be made. For example, it is reasonable to assume that critics of a research
group often link research outputs in a criticism of their work. If such a person would apply
for a job within that group, the density within the network might be increased but
subsequently result in a more hostile work climate. Without evaluating the content of the
applicant that increases the network density, it ishardwould be difficult to assess whether
they would actually increase information exchange and collaborative potential instead of
stifling it.

3.3 Individuals

Individual researchers earncould use networks to better understand their research
outputs and plan new research efforts. For example, simply visualizing a network of outputs
could atready-prove a useful tool for researchers to view relationships between their outputs
from a different—more—coherent perspective. Researchers looking for new research
opportunities could also use network analysis to identify their strengths, by comparing
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whether specific sets of outputs are more central than others in a larger network. For example,
a researcher who writes software for their research might find that their software is more
central in a larger network than their findingstheoretical work, which could indicate a fruitful
specialization.

One scenario where network evaluation tools could be valuable for individual researchers is
in-order-to-optimize-resource allocation- needs to be optimized. A researcher might want
to revisit previous work and conduct a arge-replication, but only has funds for one such
replication. Imagine a researcher whe-wants to identify an effect that they previously studied
thatand which has been central to their new research efforts. Identifying which effect to
replicate is intended by this researcher as a safeguard mechanism to prevent further
investment in new studies, if a fundamental finding proves to not be replicable.

In this_resource allocation scenario, the researcher aims to identify the most central
finding in a network. The researcher has conducted many studies throughout their career and
does not want to identify the most central finding in the entire network of outputs over the
years, but only of the most recent domain theyvethey’ve been working in. As such, the
researcher takes the latest output and traces all the preceding outputs automatically to five
generations, to create a subset of the full network and to incorporate potential work not done
by themselves.

Subsequently, by computing the Katz centrality of the resulting subnetwork, the
researcher can compute the number of outputs generated by a finding and how many outputs
those outputs generated in return. By assigning this value to each nedemodule in the
network, the researcher can identify the most central nedesmodules. However, these
nedesmodules need to be investigated subsequently in order to see whether they are findings
or something else (e.g., theory; we assume an agnostic infrastructure that does not classify
nodesmodules).

CentralityKatz centrality can be a useful measure to identify which finding to
replicate in a multi-generational network, but would fail to take into account what replications
have already been conducted. When taking the most recent output and looking at its parent(s),
grandparent(s), etc., this only looks at the lineage of the finding. However, the children of all
these parents are not taken into account in such a trace. As such, the researcher in our scenario
might identify an important piece of research to replicate, but neglect that it has already been
replicated. Without further inspection of the network for already available replications,
resource allocation might be suboptimal after all.

4. Discussion

We propose to communicate research in pieeemeal"modular “as-you-go~—units”
outputs (e.g., theory followed by hypotheses, etc.) instead of large ““after-the-fact~” papers.
PieecemealModular communication opens up the possibility of a network of knowledge to
come into existence when these pieces are linked (e.g., results descend from data). This

network of knowledge would be supplementary to traditional citation networks and could
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facilitate new evaluation tools that are based in the question of interest rather than generic
““one size fits all“evaluation—metries” indicators (e.g., Journal Impact Factor, citation
counts, number of publications). Given the countless questions and operationalizations
possible to evaluate research in a network of knowledge, we hope this would increase the
focus on metriesindicators as a tool in the evaluation process instead of metriesindicators
being the evaluation process itself [1227,28].

We highlighted a few use cases and potential saetriesindicators for funders, research
collectives, and individuals, but recognize that we are merely scratching the surface of
possible use cases and implementations of network analysis in research evaluation. The use
cases presented for the various target groups (e.g., universities) can readily be transferred to
suit other target groups (e.g., individuals). Award committees might use critical path analysis
or network stability analysis to identify key hubs in a network to recognize. Moreover,
services could be built to harness the information available in a network to identify people
who could be approached for collaborations or to facilitate the ease with which such network
analyses can be conducted. Future work could investigate more use cases, qualitatively
identify what researchers (or others) would like to know from such networks, and how
existing network analysis methods could be harnessed to evaluate research and better
understand its development over time. Despite our enthusiasm for network based evaluation,
we also recognize the need for exploring the potential negative sides of itthis approach.
Proximity effects might increase bias towards people already embedded in a network and
might exacerbate inequalities already present. Researchers might also find ways to game
these indicators, which warrants further investigation.

Communicating scholarly research in smaler—modular “as-you-go“—usits” outputs
might also address other threats to research sustainability. In piecemeal"modular “as-you-
go~” communication, selective publication based on results would be reduced because data
would be communicated before results are known. Similarly, adjusting predictions after
results are known would be reduced because predictions would be communicated before data
are available (i.e., preregistration by design). Replications (or reanalyses) would be
encouraged both for the replicated (the replicated nedemodule gets more child
nedesmodules, increasing its centrality) and the replicator (time investment is lower due to
only having to add a data redemodule that is linked to the materials nedemodule of the
replicated). Self-plagiarism could be reduced by not forcing researchers to rehash the same
theory across papers that spawn various predictions and studies. These various issues
(amongst other out of scope issues) could be addressed jointly instead of each issue vying for
importance for researchers, funders, or policy makers (amongst others).

To encourage culture- and behavioral change, ““after-the-fact“” papers and
piecemeal"modular “as-you-go-” outputs could co-exist (initially) and would not require
researchers to make a zero-sum decision. Copyright is often transferred to publishers upon
publication (resulting in pay-to-access), but only after a legal contract is signed. Hence,

preprints cannot be-legally be restricted by publishers when they precede a copyright transfer
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agreement. However, preprints face institutional and social opposition [+329], where
preprinting could exclude a manuscript for publication depending on editorial policies or due
to fears of non-publication or scooping (itself a result of hypercompetition). In recent years,
preprints have become more widely accepted and less likely to exclude manuscript
publication (e.g., Science accepts preprinted manuscripts) [#430]. Similarly, sharing
piecemeal"modular “as-you-go~” outputs wewddcould not be-legally be restricted by
publishers and eewldcan ride the wave of preprint acceptance, but might also face
institutional or social counterchange similar to the-history—of-preprints. Researchers could
communicate ““‘as-they-go~" and compile ““after-the-fact“” papers, facilitating co-existence
and minimizing negative effects on career opportunities. Additionally, “as-you-go” modules
could be used in any scholarly field where the provenance of information is important to
findings and is not restricted to empirical and hypothesis driven research per se.

As far as we know, piecemeal-"modular “as-you-go~” scholarly communication
infrastructure that includes direct links between modules has not yet been available to
researchers in a sustainable way. The—enlyOne of the few thought stylestyles that has
facilitated ““as-you-go~" reporting in the past decade is that of Open Notebook Science
(ONS) [#531], where researchers share their day-to-day notes and thoughts. However, ONS
has remained on the fringes of the Open Science thought style and has not matured, limiting
its usefulness and uptake. For example, ONS increases user control because communication
occurs on personal domains, but does not have a mechanism of preserving the content.
Considering reference rot occurs in seven out of ten scholarly papers containing Weblinks
[+632], concern for sustainable ONS is warranted without further development of content
integrity. Moreover, ONS increases information output without providing more possibilities
of discovering that content.

Digital infrastructure that facilitates ““as-you-go~” scholarly communication is now
feasible and sustainable. Feasible because the peer-to-peer protocol Dat provides stable
addresses for versioned content and it ensures content integrity across those versions.
Sustainable because preservation in a peer-to-peer network is relatively trivial (inherent
redundancy, anyone can rehost information and libraries could be persistent hosters) and
removes (or at least reduces) the need for centralized services in scholarly communication.
Consequently, this decreases the need for inefficient server farms of centralized services [+74}
by-deeentralizingserviees:33] by decentralizing services. However, preservation is a social
process that requires commitment. Hence, a peer-to-peer infrastructure would require
committed and persistent peers (e.g., libraries) to make sure content is preserved. Another
form of sustainability is knowledge inclusion, which is facilitated by a decentralized network
protocol that is openly accessible.

Finally, we would like to note that communication was not instantly revolutionized
by the printing press but changed society over the centuries that followed. The Web has only
been around since 1991 and its effect on society is already pervasive, but far from over. We
hope that individuals who want change do not despair by feelings of inertia in scholarly
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communication throughout recent years and further entrenching of positions and interests.
We remain optimistic for substantial change to occur within scholarly communication that
improves the way we communicate research and hope these ideas contribute in working
towards that.

5. Conclusion
The current scholarly communication system based on research papers is “after-the-

fact” and can be supplemented by a modular “as-you-go” based communication system. By
doing so, the functions of a scholarly communication system can be interpreted more widely,
making registration complete, certification part of the process instead of just the judgment of
peers, access to everything for everyone based on peer-to-peer protocols, simplify archival,
and facilitate incentive structures that could align researcherd€ ™s interests with that of
scholarly research.

References

1. Baker, M. 1,500 scientists lift the lid on reproducibility. Nature 2016, 533, 452-454,
doi:10.1038/533452a.

2. Lariviere, V.; Haustein, S.; Mongeon, P. The Oligopoly of Academic Publishers in the
Digital Era. PLOS ONE 2015, 10, 0127502, doi:10.1371/journal.pone.0127502.

3. Kling, R.; Callahan, E. Electronic journals, the Internet, and scholarly communication.
Annual Review of Information Science and Technology 2005, 37, 127-177,
doi:10.1002/aris.1440370105.

4. Garfield, E. The History and Meaning of the Journal Impact Factor. JAMA 2006, 295, 90,
doi:10.1001/jama.295.1.90.

45. Prathap, G.; Mini, S.; Nishy, P. Does high impact factor successfully predict future
citations? An analysis using Peirce’s measure. Scientometrics 2016, 108, 1043-1047,
doi:10.1007/s11192-016-2034-y.

56. Seglen, P. O. The skewness of science. Journal of the American Society for Information
Science 1992, 43, 628-638.

67. Seglen, P. O. Causal relationship between article citedness and journal impact. Journal
of the American Society for Information Science, 1994, 45, 1-11.

78. Roosendaal, H. E.; Geurts, P. A. T. M. Forces and functions in scientific communication:
an analysis of their interplay 1997, 1-32.

9. Van de Sompel, H.; Payette, S.; Erickson, J.; Lagoze, C.; Warner, S. Rethinking Scholarly
Communication. D-Lib Magazine 2004, 10, doi:10.1045/september2004-vandesompel.

10. Franco, A.; Malhotra, N.; Simonovits, G. Publication bias in the social sciences:
Unlocking the file drawer. Science 2014, 345, 1502-1505, doi:10.1126/science.1255484.
11. Mahoney, M. J. Publication prejudices: An experimental study of confirmatory bias in
the peer review system. Cognitive Therapy and Research 1977, 1, 161-175,
doi:10.1007/BF01173636.



https://doi.org/10.1038/533452a
https://doi.org/10.1371/journal.pone.0127502
https://doi.org/10.1002/aris.1440370105
https://doi.org/10.1001/jama.295.1.90
https://doi.org/10.1007/s11192-016-2034-y
https://doi.org/10.1045/september2004-vandesompel
https://doi.org/10.1126/science.1255484
https://doi.org/10.1007/BF01173636

A66
AG7
A68
A69
A70
A71
AT2
AT73
A74
AT5
AT76
ATT
AT78
479

12. Kircz, J. G. Modularity: the next form of scientific information presentation? Journal of
Documentation 1998, 54, 210235, doi:10.1108/EUMO0000000007185.

13. Kuhn, T.; Chichester, C.; Krauthammer, M.; Queralt-Rosinach, N.; Verborgh, R.;
Giannakopoulos, G.; Ngonga Ngomo, A.-C.; Viglianti, R.; Dumontier, M. Decentralized
provenance-aware publishing with nanopublications. PeerJ Computer Science 2016, 2, 78,
doi:10.7717/peerj-cs.78.

14. Groth, P.; Gibson, A.; Velterop, J. The anatomy of a nanopublication. Information
Services & Use 2010, 30, 51-56, doi:10.3233/1SU-2010-0613.

15. Velterop, J. Nanopublications The Future of Coping with Information Overload. Logos
2010, 21,119-122, doi:10.1163/095796511X560006.

16. Nielsen, M. Reinventing discovery: The new era of networked science; Princeton
University Press: Princeton, NJ, 2012;

17. Kerr, N. L. HARKIing: Hypothesizing After the Results are Known. Personality and
Social Psychology Review 1998, 2, 196-217, doi:10.1207/s15327957pspr0203_4.

818. Seeber, M.; Cattaneo, M.; Meoli, M.; Malighetti, P. Self-citations as strategic response
to the wuse of metrics for career decisions. Research Policy 2017,
doi:10.1016/j.respol.2017.12.004.

919. The Impact Factor Game. PLoS Medicine 2006, 3, 291,
doi:10.1371/journal.pmed.0030291.

1020. Nosek, B. A.; Ebersole, C. R.; DeHaven, A. C.; Mellor, D. T. The preregistration
revolution. Proceedings of the National Academy of Sciences 2018, 115, 2600-2606,
doi:10.1073/pnas.1708274114.

21. Ogden, M. Dat - Distributed Dataset Synchronization And Versioning 2017.

H22. Tennant, J. P.; Dugan, J. M.; Graziotin, D.; Jacques, D. C.; Waldner, F.; Mietchen, D.;
Elkhatib, Y.; B. Collister, L.; Pikas, C. K.; Crick, T.; Masuzzo, P.; Caravagqi, A.; Berg, D.
R.; Niemeyer, K. E.; Ross-Hellauer, T.; Mannheimer, S.; Rigling, L.; Katz, D. S.; Greshake
Tzovaras, B.; Pacheco-Mendoza, J.; Fatima, N.; Poblet, M.; Isaakidis, M.; Irawan, D. E.;
Renaut, S.; Madan, C. R.; Matthias, L.; Nergaard Kjar, J.; O’Donnell, D. P.; Neylon, C.;
Kearns, S.; Selvaraju, M.; Colomb, J. A multi-disciplinary perspective on emergent and
future  innovations  in  peer  review. F1000Research 2017, 6, 1151,
doi:10.12688/f1000research.12037.3.

23. Reich, V.. Rosenthal, D. S. H. LOCKSS. D-Lib Magazine 2001, 7,
doi:10.1045/june2001-reich.

24. Wasserman, S.; Faust, K. Social network analysis: Methods and applications; Cambridge
University Press, 1994;

1225. Fortunato, S.; Bergstrom, C. T.; Borner, K.; Evans, J. A.; Helbing, D.; Milojevi¢, S.;
Petersen, A. M.; Radicchi, F.; Sinatra, R.; Uzzi, B.; Vespignani, A.; Waltman, L.; Wang, D.;
Barabasi, A.-L. Science of science. Science 2018, 359, eaa00185,
doi:10.1126/science.aa00185.

26. Morel, C. M.; Serruya, S. J.; Penna, G. O.; Guimardes, R. Co-authorship Network
Analysis: A Powerful Tool for Strategic Planning of Research, Development and Capacity

13


https://doi.org/10.1108/EUM0000000007185
https://doi.org/10.7717/peerj-cs.78
https://doi.org/10.3233/ISU-2010-0613
https://doi.org/10.1163/095796511X560006
https://doi.org/10.1207/s15327957pspr0203_4
https://doi.org/10.1016/j.respol.2017.12.004
https://doi.org/10.1371/journal.pmed.0030291
https://doi.org/10.1073/pnas.1708274114
https://doi.org/10.12688/f1000research.12037.3
https://doi.org/10.1045/june2001-reich
https://doi.org/10.1126/science.aao0185

520

522
523

b24

525

Building Programs on Neglected Diseases. PLoS Neglected Tropical Diseases 2009, 3, €501,
doi:10.1371/journal.pntd.0000501.

27. Hicks, D.; Wouters, P.; Waltman, L.; Rijcke, S. de; Rafols, I. Bibliometrics: The Leiden
Manifesto for research metrics. Nature 2015, 520, 429431, doi:10.1038/520429a.

1328. Wilsdon, J.; Allen, L.; Belfiore, E.; Campbell, P.; Curry, S.; Hill, S.; Jones, R.; Kain,
R.; Kerridge, S.; Thelwall, M.; Tinkler, J.; Viney, l.; Wouters, P.; Hill, J.; Johnson, B. The
Metric Tide: Report of the Independent Review of the Role of Metrics in Research Assessment
and Management.; 2015;

29. Kaiser, J. Are preprints the future of biology? A survival guide for scientists. Science
2017, doi:10.1126/science.aaq0747.

1430. Berg, J. Preprint ecosystems. Science 2017, 357, 1331-1331,
doi:10.1126/science.aaq0167.

1531. Bradley, J.-C. Open Notebook Science Using Blogs and Wikis. Nature Precedings
2007, doi:10.1038/npre.2007.39.1.

1632. Klein, M.; Van de Sompel, H.; Sanderson, R.; Shankar, H.; Balakireva, L.; Zhou, K.;
Tobin, R. Scholarly Context Not Found: One in Five Articles Suffers from Reference Rot.
PLoS ONE 2014, 9, €115253, doi:10.1371/journal.pone.0115253.

1733. Cavdar, D.; Alagoz, F. A survey of research on greening data centers. In 2012 ieee
global communications conference (globecom); IEEE, 2012; pp. 3237-3242.



https://doi.org/10.1371/journal.pntd.0000501
https://doi.org/10.1038/520429a
https://doi.org/10.1126/science.aaq0747
https://doi.org/10.1126/science.aaq0167
https://doi.org/10.1038/npre.2007.39.1
https://doi.org/10.1371/journal.pone.0115253

