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In the past few decades, there has been a sharp rise of research irreproducibility and retraction, to a point that now is deemed as a crisis. Addressing this crisis, we present a peer-to-peer (P2P) publication model that utilizes blockchain and smart contract technologies. Focusing primarily on researchers and reviewers, the conceptual P2P publication model addresses the sociocultural and incentivization aspects of the irreproducibility crisis. In the P2P publication model, instead of a complete publication, a preapproved experimental design will be published on an incremental basis (unit-by-unit) and authorship will be shared with reviewers. The concept of the P2P publication model was inspired by the transformational journey the music publishing industry has undertaken as it traverses through vinyl age (complete albums) to the Spotify age (single-by-single), where there is a growing inclination among artists toward building an incremental album, taking account of feedback from fans and utilizing automated revenue collection and sharing systems. The ability to publish incrementally through the P2P publication model will relieve researchers from the burden of publishing complete and “good results” while simultaneously incentivizing reviewers to undertake rigorous review work to gain authorship credit in the research. The proposed P2P publication model aims to transform the century-old publication model and incentivization structure in alignment with open access publication ethos of the 21st century.
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INTRODUCTION
For centuries, journals have remained the primary platform for scientific communication and act as a trusted third party to ensure the quality and integrity of published work. However, the paper and institutional subscription-based publication model established centuries ago has become unsustainable during the past few decades because of the growing popularity of the open access model where publications are online and authors pay for their publications. Correlated with this transformation, there is also a sharp rise of research irreproducibility and retraction to a point that now is deemed as a crisis across all disciplines (Baker, 2016). For example, in cancer research, a study found that 47 out of 53 (∼90%) “landmark” research papers could not be reproduced (Begley and Ellis, 2012). Failure to reproduce scientific experiment not only undermines the “self-correcting” ethos of science but also limits the ability for science to progress. This is evident by our remarkably low ability to translate cancer research to clinical success despite extraordinary funding and public support for cancer research (Hutchinson and Kirk, 2011). The economic cost of irreproducibility is as high as $28B per annum in the USA alone, where at least 50% of preclinical research remains irreproducible (Freedman et al., 2015). In the last few decades, retraction has also increased tenfold, with fraud accounting for 60% of these retractions (Brainard, 2018). High-profile retractions often have grave consequence on science and society. For example, in 2010, twelve years after publication, one of the world’s oldest and most respected medical journal, The Lancet, retracted a paper that implied a link between the measles, mumps, and rubella (MMR) vaccine and autism (Eggertson, 2010). Based on this publication, tens of thousands of parents across the globe stopped using the MMR vaccination and as a result, measles returned as an endemic in Eastern and Northern Europe (Organisation, 2019). Seminal paper from Harvard economists that influenced Western governments to take austerity measures post 2008 global financial crisis was later found to have key errors that if found during review process would have an opposite impact on government’s austerity policies (Krugman, 2013). Due to the austerity, millions of people became unemployed and tens of thousands lost their lives (Watkins et al., 2017). During the COVID-19 pandemic, just weeks after publication, the Lancet journal retracted a paper from Harvard professor that influenced the World Health Organization (WHO) and many other countries to halt hydroxychloroquine trials (James Heathers, 2020). Interestingly, it is not the peer-review process but rather investigative journalism or inquisitive student projects that found anomalies in these seminal publications. Aforementioned events therefore raise serious questions about the role of reviewers in publication processes, especially when human lives and public trust are at stake. In the long term, loss of trust will impact public perception toward science and eventually may constrain public funding for science.
Addressing this crisis, a number of initiatives have been undertaken to facilitate researchers to report and share detailed experimental methodologies in a standardised fashion along with policies to encourage or enforce researchers and journals to adhere to these standards. From a regulatory point of view, such initiatives may have resolved the technical and administrative issues associated with the crisis, but the success of attaining trust and sustainability of these initiatives hinges on the sociocultural contextualisation, strategic incentivization, and an answerability mechanism for all three primary stakeholders (researchers, reviewers, and journals) associated with the publication process.
In the 21st century, the currency of science is not only the quality but also the quantity of publication. Currently, researchers work within a “publish or perish” culture where they not only are under constant pressure of delivering a targeted number of publications but also are encouraged, if not compelled, to publish “good results” (Chambers, 2019). Therefore, the main focus of early to midcareer researchers in recent years has shifted toward the metricized statistics such as increasing their h-index, in order to sustain and progress on academic career path (Meyers and Quan, 2017). This has transformed science from an inquisitive driven exploration endeavor to a target-oriented enterprise and at the same time shifted the communication balance from diligent reporting to storytelling.
Reviewers, the pivotal stakeholders who ensure the quality and integrity of published results, work within a centralized, nontransparent, and nonincentivized voluntary system. In the context of modern research, science has evolved from a singular laboratory-based endeavor toward a multidisciplinary and geographically fragmented enterprise, where this voluntary system has now become unsustainable and unfair. It is unsustainable because reviewers do not receive any resources from the journals or their workplace to reproduce the results, and in the context of multidisciplinary research, individually they may not hold expertise or specialisation in all the related disciplines underpinning the data. It is unfair because reviewers do not get any reward, incentive, or recognition for their work. Although initiatives like Publons (Publons) have started a recognition system for reviewers, such recognition does not allow reviewers to have their fair share of the currency of science, publication. In general, reviewers undertake this labor-intensive and critical work based on a vague idea of “academic service” in an assumed environment where academics have excellent job security with an ample amount of free time and resources.
According to Deutsche Bank’s 2005 report, journals work in a “triple-pay” system where “the state funds most research, pays the salaries of most of those checking the quality of research, and then buys most of the published product” (Buranyi, 2017). Through such minimal production cost system, journals yield a profit margin as high as 36% dwarfing the profit margins of many other similar industries, while simultaneously owning the copyright of the published work (with exception of few open access journals).
Given the present cultural context of the publication industry, this paper proposes a blockchain and smart contract enabled peer-to-peer (P2P) publication model where publications will be incremental and authorship will be accumulative and shared with reviewers. This conceptual model is inspired by the transformational journey the music publishing industry has undertaken as it traverses from the vinyl age to Spotify age. Currently, a new music ecosystem is emerging, where instead of a whole album, music is published and sold as singles and artists get paid per stream or download. Artists are more inclined to build an incremental album with singles by engaging fans throughout the publication process via social media. Artist such as Grammy award winner Imogen Heap is publishing her music through a project called “Mycelia” (Mycelia) which utilizes blockchain and smart contract technologies. This project ensures that revenues for singles are automatically collected from steaming and derivatives like ringtone downloads, stage performances, and other royalty generating activities. The collected revenue is shared with all corresponding stakeholders (singer, song writer, composer, etc.), according to the percentage defined in the smart contract. Like music publishing, unit-wise academic publication has also been proposed by the Octopus project (Freeman, 2019) where full publication is broken down into 8 shorter units, scientific problem, hypothesis, method/protocol, results/data, analysis, interpretation, implementation, and review. Here, publication of each unit needs to be linked to at least one “above it” in the chain (except the review unit), and once completed, each unit will be published instantly for open review and rating by the reader through open repository like arXiv.org.
P2P PUBLICATION MODEL
Utilizing blockchain and smart contract technology, the proposed P2P publication model aims to bring two fundamental changes to the current publication model. First is the change from complete full-cycle publication to incremental unit-wise publication. Second is the introduction of a transparent and equitable recognition, rewarding, and responsibility-sharing mechanism between researchers and reviewers. For the P2P publication model, individual journal or publishing companies (e.g., Frontiers) will form a consortium-based private-permissioned blockchain network. This will have three key advantages: 1) it helps exclude predatory journals, 2) it helps easily identify duplicate and simultaneous submissions, and 3) it helps access to a cross-discipline pool of reviewers from multiple journals. Even though blockchain advocates openness, a consortium-led approach suits the need to exclude predatory journals (Cobey et al., 2018) from joining the network, which exploits the researchers (Cobey, 2017). Universities, research institutes, and companies alike can voluntarily join the consortium and operate within the network to further strengthen the network.
Simultaneous and duplicate publications, often withdrawn after receiving reviewers’ feedback, result in waste of time and resources, for both reviewers and journals (Morse, 2007). Since blockchain provides an indisputable log of events, the journals or publishing companies, forming a network at a global scale, would be able to detect multiple simultaneous submissions or at least have an indisputable log of previous submission. Furthermore, a consortium of journals from different disciplines can grant access to a cross-discipline pool of reviewers.
A reputation profile will be issued for researchers and reviewers at the time of joining the network, both as a researcher and reviewer, namely, [image: image] and [image: image]. The profile score will fluctuate dynamically according to the earning/deduction of reputation during their lifetime of operating on that journal-specific network. Reputation is a critical component of a digital economy and projects like the “educational reputation currency, Kudos” introduced by Open University (Sharples and Domingue, 2016) have already proposed the idea of generating educational currency using blockchain linked with academic achievements and credits. This educational currency will underpin the authenticity of the achievements, thereby making the trade of academic achievements more transparent and efficient.
The P2P publication model will also capitalize on recent initiatives like preregistration or registered report that enables researchers to preapprove their experimental design with the promise to get the paper published irrespective of the outcome (Chambers et al., 2014). Such initiatives will eventually alleviate the pressure of publishing “good results” and may also minimise the growing occurrence of “p-hacking” (data analysis manipulation) and or “HARKing” (hypothesizing after knowing the results). However, the preregistration model is based on the traditional full-cycle theme where only completed experiments will get published. The P2P model will combine the preregistration concept with the unit-wise publishing concept advocated by Octopus project (Freeman, 2019) and tools like ProtocolNavigator (Khan et al., 2014), Protocols.IO (Teytelman, 2018), and ISA (RoccaGSerra and Brandizi, 2010). Through these tools, researchers can document their experimental design and methodology in graphical and textual format and submit it for preregistration with identifiable units. Both journal and researchers agree on the objectives and expected outcome of each unit and the agreement will be codified into a smart contract along with the apportion of authorship between researchers and reviewers, along with the journal fees, credits/acknowledgment of other stakeholders such as industry partners or funding bodies, and data policies.
For researchers, reviewers, and readers, the P2P publication model introduces a scoring-based schema. Upon successful completion of a unit of work for a preregistered experiment, the researcher will upload their work to a decentralized storage system such as IPFS and broadcast a transaction T on the journal-specific blockchain network, which includes the metadata of the research publication. Subsequently, the journal will be notified and after the preliminary editorial review, the smart contract will be invoked. [image: image] for that unit of work will be reset to zero and N reviewers will be invited to review the work. The smart contract will allocate a total of [image: image] percent of authorship to the reviewers, giving each reviewer a [image: image] percentage of authorship for that unit, regardless of the outcome of the submitted work (see Figure 1). This will encourage the reviewers to act in good faith as rejecting or accepting the submitted work bears no difference in benefits.
[image: Figure 1]FIGURE 1 | P2P publication model. Preregistered experimental design encoded with ProtocolNavigator (top panel) is divided into three units (middle panel). Smart contract determines the shared authorship for each unit (bottom panel) between researchers (dark fill) and reviewers (no fill) along with journal fee for each unit (dollar sign).
Like the traditional approach, each reviewer will review the work and provide feedback to the journal and researcher in a transparent manner, along with their affirm decision. In addition to the feedback and decision, the reviewers will also provide a satisfaction score S for the reviewed work, which will be used to apportion the authorship share between researcher and reviewer(s). This step can be iterative if the feedback is for modification and improvement purposes. For each iteration, an average unit score [image: image] will be calculated.
[image: image]
This iterative feedback will facilitate researchers to improve the quality of their work and averaging the unit score at each iteration will safeguard researchers from any form of reviewers’ bias or abuse. Once the reviewers reach a consensus on the acceptance/rejection decision, the smart contract will publish the unit of work along with a feedback thread. Each reviewer will be allocated an equal [image: image]accordingly
[image: image]
For example, in the case of a unit that has 20% reviewer’s share of authorship and from three reviewers received an average of 8.5 [image: image], each reviewer will get [image: image] of 0.57 [(0.20 *8.5)/3].
Since reviews vary significantly in length and depth, it is important that the reviewers are rewarded fairly for their contribution. The value of reviewer’s feedback is gauged by allowing readers to rate the reviewer’s comments, recorded as a documentary of the work. This rating range R (with positive/negative value) will help to gauge reader’s perception toward the rigor of individual reviewer’s feedback and will be used as a weight to calculate individual reviewer’s reputation, [image: image]. Even though initially each reviewer was allocated a [image: image] share in ownership, the readers eventually decide the reviewer’s stake in the published unit, based on their contribution to the review process.
To ensure fair usage of the system and avoid spams, we propose that only the readers registered with the network should be allowed to rate the reviewer’s work. Similar to the reviewers and researchers, readers will be assigned a reputation score which will change over time based on the reader’s contribution to the network. A fraction of reader’s repute r can be used to determine the weightage of the rating R. Readers with higher community contribution will have a higher weight [image: image] on the reviewer’s score as compared to a reader with little or no contribution to the publication network. This will create a community-governed ecosystem such as the likes of Reddit and Stackoverflow.
[image: image]
The [image: image]of the N = 3 reviewers, having [image: image] of 0.57, receiving average R rating of −1, 0.5, and one can be calculated as Reviewer1: 0.57 x −1 = −0.57, Reviwer2: 0.57 × 0.5 = 0.285, and Reviewer3: 0.57 × 1 = 0.57, respectively. It can be clearly seen from the example above that the neutral readers can severely impact the overall share or contribution score of the reviewers, encouraging them to provide constructive and helpful feedback while simultaneously discouraging them to sign up for the review process with a sole objective of gaining [image: image].
This social assessment approach can minimise or potentially eliminate the current asymmetrical decision-making environment where critical and trivial reviews often bear the same recognition (Zeeshan et al., 2018). This will also help readers to get a critical understanding of the unit of work and may form the basis of a crowdsourced double reviewing approach (reviewing the reviewers). This [image: image] score will evolve as more readers read and rate that unit of publication, causing the reputation of the individual reviewer to increase or decrease over time. This dynamic feature of the algorithm will make the reviewer accountable for the lifetime of their review transaction history. In the case of the MMR-autism vaccine paper, if after 12 years, the publication is retracted, readers can revisit and update the feedback and rating. To avoid collusion and conflict of interest, the participants of a current “research transaction” (reviewers, researchers, and other stakeholders mentioned in the smart contract) will be excluded from the review or from scoring each other’s work for the next N units of work.
The smart contract will also assign [image: image] to respective researchers involved with that unit.
[image: image]
This total [image: image] (in this example will be 8.5−0.2 (8.5) =6.8) will be further divided within the contributing researchers according to their percentage of contribution as defined by the smart contract for that unit.
For researchers, a separate score, [image: image] that captures direct and indirect citations of the publication, will be created. This also incentivizes researchers to collect rewards by publishing high-impact work on the proposed network and built reputation in an indirect way instead of the current direct citation metric. The equation below represents the [image: image] in the form of direct Ϭ and indirect citations Ф. For indirect citations, a cap (e.g., three levels deep) can be introduced in the smart contract.
[image: image]
A publication with 10 direct and 50 indirect citations can have [image: image] of 12.5 (indirect citations having a smaller contribution to the [image: image]). Like reviewer’s reputation, researcher’s reputation will also be weighted by the number of direct and indirect citations and dynamically updated over the lifetime of the journal.
[image: image]
Finally, following the same example, [image: image] can be calculated as 6.8 + 12.5 = 19.3.
In case of a retraction or similar negative event, the smart contract will automatically nullify associated [image: image] and [image: image], which will be deducted from the overall [image: image] of that individual researcher.
INCENTIVIZATION AND RETRIBUTION IN P2P PUBLICATION MODEL
Dynamic [image: image] and [image: image] scoring mechanisms introduced by P2P model incorporate the philosophy of proof of reputation (PoR) consensus protocols in blockchain technology (Shahaab et al., 2019), where the reputation of the validator is put at stake (incur a significant fine if they attempt to cheat) for validating each transacting block. In P2P model, researcher’s and reviewer’s reputations are augmented by quality work and diminished by malpractice. Furthermore, incremental publishing will facilitate researchers to build a complex dynamic portfolio which is comprised of [image: image], [image: image], publishing journal, percentage of authorship, the type of unit, and frequency of review. This approach will safeguard researchers from the pitfall of “publish or perish” as they will be able to incrementally build up different components of their portfolio to sustain and advance their academic career. The cultural impact of alleviating these burdens from researchers is hard to foresee at this point but it is almost inevitable that these mechanisms will increase creativity and endorsement of creativity at a granular level and in incremental fashion that can revert science to an exploration-based endeavor, even at an enterprise scale.
By sharing authorship with reviewers, the P2P model will fundamentally change the incentive as well as the engagement approach for reviewers. Although a number of blockchain-based initiatives have been implemented that introduce different forms of reward mechanisms, for example, digital token for reviewers (Jan 2018) (Jan et al., 2018) (Zeeshan et al., 2018) (Niya et al., 2019), here we argue that incorporation of any form of financial incentive may have a negative impact on scientific research, as evident by the “cash for publication” incentive approach introduced for researchers about a decade ago (Fuyuno and Cyranoski, 2006). Such initiatives adopted by different countries and organizations are now proven to be “discriminatory, unscientific, and dangerous” (Bamji, 2019). In our proposed P2P model, the incentive is not financial but rather ownership. [image: image] is directly linked with the ownership and proof of work (depth and breadth of feedback) and is weighted by reader-driven ratings of reviewers. Holding reviewers accountable for their review work will fundamentally change the quality of published research work, along with the researchers, who can see their reputation diminished through future debate, bad press, or retraction. Such a “carrot and stick” approach is a time-tested universal model that aligns with the human psyche (Ayres, 2010).
For journals, the P2P model will not contradict the current “triple-pay” system. Smart contracts will ensure that journal fees get automatically paid as each unit of work is validated and published on the network. Voluntary incorporation of universities and research institutions will enable journals to demonstrate their popularity in the scientific community. The more the institutes host networks, the more secure their integrity will become and the more authority the journals will gain within the scientific community.
IMPACT ON RESEARCH REPRODUCIBILITY CRISIS
The P2P publication model addresses two key sociocultural issues of the research reproducibility crisis, the stress researchers endure to progress their career and the required recognition and rewards for the reviewers’ hard work. Beyond these two key issues, there are a number of sociocultural and philosophical issues associated with irreproducibility which are identified and addressed by the P2P publication model.
Openness and Freedom
Academic freedom usually refers to the flexibility of researchers to change study design. However, in the context of irreproducibility, this privilege is often exploited to get “good results” and subverts the openness to publish negative results, flawed design, and the rationale for design change. The P2P model sets a balance between openness and freedom by integrating the preregistration concept with unit-wise publication. For each unit, the smart contract will compel researchers to publish all experimental details and results in order to invoke review process. The immutability aspect of blockchain will also prevent researchers from “p-hacking” and or “HARKing.” While ensuring openness and data integrity, the P2P model simultaneously ensures freedom and promotes researchers to pursue their curiosity-a fundamental tenant of science. After the publication of each unit, the researcher has the flexibility to change the course of progression by registering new units of work replacing previous work without any impact on their academic portfolio. Under traditional publication models (including the preregistration model), researchers are restricted to pursue their curiosity because they need to complete the whole experiment and all publication steps, despite feeling disengaged. Publishing scientific work just for the sake of an academic portfolio is demoralizing for the researchers and detrimental for science itself (Holyoke and Medawar, 1980).
Diversity and Distance of Multidisciplinary Research
Scientific research has become multidisciplinary, through the diversity of disciplinary collaborations and the sociocultural and geographical distance between data producers and consumers. Addressing this changing environment, discipline neutral journals like PLOS One and IEEE Access are evolving as multidisciplinary and open outlets. The P2P model will augment this trend through the ability to include unit-specific expertise for the review process. In addition to the opportunity of readers to rate reviewers, the P2P publication model has the potential to forge a democratic citizen science environment by allowing the public to participate in the review process through open invitation to review the unit of work. Acquiring authorship percentages and engagement at an equal level with other academics will minimise the social and intellectual distance between academic and nonacademic citizens, which eventually will facilitate the shaping of science-informed public policies more efficiently and effectively. This may also facilitate overcoming the effect of groupthink on reproducibility. Groupthink is defined by Iring Janis, “a psychological drive for consensus at any cost that suppresses dissent and appraisal of alternatives in cohesive decision-making groups.” This tendency deters like-minded academics from rigorous review, particularly when the results confirm the professional audience’s preconceptions (Kuklick and Janis, 1973). Groupthink also deters academics from communicating and engaging with the public about ongoing research, despite the fact that most of the researches are publicly funded. The P2P publication model will transform this mindset by valuing the public on par with academics’ stakeholders. Citizen science projects like Foldit have demonstrated that game players with little or no biology background-solved structure of many proteins include an HIV enzyme within weeks, which scientists were struggling to solve for years (Khatib et al., 2010).
LIMITATIONS AND FUTURE WORK
Reputation is the core driver for this P2P publication model where both researchers and reviewers will strive to improve their reputational score. Both parties' reputations are dynamic and are weighted by citation numbers (in case of researchers) and rating of readers (in case of reviewers). Despite the fact that safeguards are in place to detect and deter bad actors from manipulating researchers’ or reviewers’ reputation, malpractice is expected. For example, researchers may request colleagues, students, or friends to cite their research or reviewers to rate their review favorably in order to increase their reputation artificially. Reviewers may also be subjected to negative ratings from readers. In such scenarios, social network analysis (SNA) like algorithms can be utilized to detect collisions or manipulations.
The proposed P2P publication model can only function well and add significant value if it is adopted by masses, since it requires multiple journals to collaborate and researchers and reviewers from multidisciplines to participate. Bootstrapping such ecosystem at scale and gaining the confidence of academia will remain the biggest challenge for P2P publication model. We strive to engage multiple stakeholders in building the proof of concept of the proposed P2P publication model and release the artifacts as an open-source project.
As an enhancement proposal, we would like to revisit the acceptance criteria and build them in the algorithm so that the publications are accepted automatically when the criteria are met. One possible choice could be using the publication score as a metric and allow publications only when the score is above a certain, dynamically adjusted threshold. However, this could create a positive feedback loop; therefore, we are carefully considering how to implement it in our prototype.
We aim to develop and deploy the full-scale P2P publication network on a permissioned distributed ledger such as Hyperledger or Corda, inviting academics and researchers to join the network and contribute to the success of the model, in a pan-Wales setting at the initial stage. An opportunity to bootstrap the initiative can be multidisciplinary research on COVID-19 with the potential of publishing the findings with university-based journals of the network. Once the researchers and reviewers see a fair and transparent distribution of reward, we are certain that our proposed model will be adopted by the mainstream publishing houses.
POST JOURNAL LANDSCAPE
Science Europe in recent years introduced an initiative called “Plan S” that demands all publications to be open access and copyrights to be retained by the authors under a creative common open license like agreement (Else, 2018). The smart contract and indirect citation quantification ability of the P2P model can be adapted to safeguard this copyright issue. The P2P publication model can also benefit emerging preprint repositories like bioRxiv (from Cold Spring Harbor) where researchers can post their manuscripts for free and get feedback from readers before submission to journals. However, if the P2P model is adopted by these repositories, instead of feedback, the unit-wise review process can be completed without the need for submission to journals. In this respect, the impact of eliminating “payment” from the publication process is hard to foresee, but it will definitely address some of the growing concerns regarding open access journals (Clare, 2018).
As science in the 21st century is transforming into an open enterprise, an “intelligent openness” (Boulton et al., 2012) framework is sought, that will ensure the integrity of data and knowledge through open accessibility and at the same time will also safeguard the privacy and intellectual property rights of individual scientists. The P2P publication model proposed here addresses the challenges of “intelligent openness” through blockchain and smart contract-based technologies. In summary, it is believed that openness and equitability of the peer-review process proposed by this conceptual P2P publication model will introduce a new paradigm of communication, collaboration, competition, and creativity for researchers and reviewers.
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