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Short abstract:

A number of studies have shown a variety of sources of biases in the peer review process. I demonstrate here that these biases arise out of the evolved innate tendency of individual cost-benefit optimization. Every player in the scientific publishing game tries to optimize its individual cost-benefit and there are conflicts between different individual optima and the collective goal of science. Given the current publishing system and increasing number of researchers, institutes and publications, the biases are predicted to increase. I suggest an alternative peer review and publication structure based on the principles of human behaviour which can minimize biases. 

Long Abstract: 

Peer reviewed scientific publishing is critical for communicating important findings, interpretations and theories in any branch of science. While the value of peer review is rarely doubted, much concern is being raised about the possible biases in the process. I argue here that most of the biases originate in the evolved innate tendency of every player to optimize one’s own cost benefits. Different players in the scientific publishing game have different cost-benefit optima. There are multiple conflicts between individual optima and collective goals. An analysis of the cost-benefit optima of every player in the scientific publishing game shows how and why biases originate. In the current system of publishing, by optimization considerations, the probability of publishing a ‘bad’ manuscript is relatively small but the probability of rejecting a ‘good’ manuscript is very high. By continuing with the current publishing structure, the global distribution of the scientific community would be increasingly clustered. Publication biases by gender, ethnicity, reputation, conformation and conformity will be increasingly common and revolutionary concepts increasingly difficult to publish. Ultimately, I explore the possibility of designing a peer review publishing system in which the conflicts between individual optimization and collective goal can be minimized. In such a system, if everyone behaves with maximum selfishness, biases would be minimized and the progress towards the collective goal would be faster and smoother. Changing towards such a system might prove difficult unless a critical mass of authors take an active role to revolutionize scientific publishing. 
Keywords: Cost benefit optimization; Scientific publishing; Peer review systems;  peer review bias
Peer review and scientific publishing
 “Dear Sir,

We (Mr. Rosen and I) had sent you our manuscript for publication and had not authorized you to show it to specialists before it is printed. I see no reason to address the—in any case erroneous—comments of your anonymous expert. On the basis of this incident I prefer to publish the paper elsewhere.

Respectfully,”

Albert Einstein to the editor of Physics Reviews in 1936 (Kennefick 2005).

Out of the 300 papers published by Albert Einstein, only one was subject to anonymous peer review in 1936. The comments were not favourable and Einstein thought that they were not based on a sound foundation. Therefore, instead of revising, resubmitting or replying to the comments, Einstein decided to communicate the paper to another journal never to communicate any paper in the rest of his lifetime to a journal following anonymous peer reviews.
Peer reviewing manuscripts is a recent norm in the history of science. Majority of journals started mandatory peer reviews mainly by the 1960s and 70s although the concept has a long history and selected journals were practicing it. The original purpose of peer reviews was certainly different than what it is being used for today. The original idea was to complement the thinking of one research group by others in the field. It is natural that the proposers of a hypothesis are carried away by their own ideas and therefore fail to think of other aspects. Peer review can be a good antidote to the frequent partial blinding and narrow thinking of a research group. Peers from a field can point out other possibilities, alternative interpretations of an experimental result, or any flaws in the experiment itself. Addressing the concerns of such peer reviewers can uplift the quality of science substantially. Less frequently peers may also point out anything unethical or ‘bad science’ being practiced. For example in a 9th century book, “Ethics of the Physicians”, the author Ishaq bin Ali al-Rahwi recommends that a physician gets his notes on a patient and the treatment peer reviewed from the local medical council (Kelly et al 2014). This would have served the purpose of confirming the diagnosis, refining the treatment, giving a second opinion as well as keep an ethical check. Note that this main purpose was not connected to publishing or rejecting. Peer review for a dichotomous editorial decision is a relatively recent application of peer review. A dichotomous decision had to be made because the journal space was limited. However, even for this application, peer review should still serve a broader function, that of complementing the thinking of the research group and improving the quality of science. 
Today often the main purpose of peer review appears to have been largely degraded and remains restricted to recommending acceptance or rejection of a manuscript. The basis of acceptance or rejection has also changed substantially. In the era of online publishing having space limitation is unlikely to be the main limiting factor. Today the reasons for rejection have changed substantially. The number of researchers and thereby the number of communications to reputed journals has increased several fold and journals need to be cautious about the quality, validity and reliability of the papers. Moreover, journal reputation and importance of impact factor like indices has increased so much that they would like to publish papers which will increase the index values. So several novel criteria for choosing what to publish have gained importance and therefore deciding what to accept and what to reject has become the central purpose of the peer review process. The review comments may be sometimes useful to the authors, particularly if a revision is recommended. But rejections are seldom accompanied by useful inputs for the authors. The question whether the peer reviews serve the purpose of improving the quality of research today has not been systematically addressed, the main limiting factor being non-availability of peer reviews for study and analysis. 
The meaning or “peer” (noun) in the Cambridge dictionary, is given as “a person who is the same age or has the same social position or the same abilities as other people in a group.” The original idea is that the authors and reviewers stand at the same level of authority and the peers are making suggestions as well as criticism from an equal footing and a constructive approach. However, with the major shift in the purpose of peer reviews, there is a shift in the practical meaning of “peer”. Often one sees notable asymmetry in the way the authors and reviewers are viewed in the system. For example, the authors are expected to support every statement by citing a reference or using their own data. Reviewers, on the other hand, are observed to make many sweeping statements without any support and get away with it. The meaning of “peer” is largely forgotten and the reviewers are increasingly playing the role of examiners that pass or fail a candidate. Thus in many ways we have come a long way away from the original spirit of peer reviews. 
But let us accept the fact that recommending acceptance, rejection or revision is the main purpose of peer reviews today and address whether they serve this function efficiently and fairly.  Literature on peer review system has recognized many flaws and limitations of the review process (Campanario 1998, Kelly et al 2014), but most seem to think that in spite of the problems, the review system generally serves a useful purpose for scientific publishing and cannot be spared or replaced (Campanario 1998). 
Biases in peer reviews?
Although the system is said to work well, this cannot be said to be anything more than a belief. Owing to the confidentiality of the review process whether the system really works well or not cannot be tested. Whenever there were specific and well-designed experimental or statistical tests for detecting biases in the peer review system, they were invariably detected by every study (Campanario 1998; Phillips 2011; Tomkins et al. 2017; Haffar et al. 2019; Kuehn 2017; Lee et al. 2013). These studies mainly look at and detect gender, ethnicity and reputation biases. Potentially much more relevant to science are confirmation bias (Nickerson 1998) and conformity bias (Asch 1955) in the peer review process, but there are hardly any attempts to study them, again the main hurdle is likely to be the availability of data. Although not specifically studied in the context of science publication, conformity bias is shown to grow stronger as the importance of a judgment increases (Baron et al. 1996) and therefore this bias is likely to be very strong in science. Conformity does not guarantee a sound outcome; in fact, it often suppresses logical and correct solutions by individuals (Fender & Stickney 2016). Conformity bias has a biological basis and cannot be said to result merely from the tendency to blindly follow the majority (Klucharev et al. 2009; Germar et al. 2016). Therefore the community of researchers cannot be expected to be free from this bias. The response of the scientific community to any findings anomalous for the prevalent paradigm is described by Kuhn (1962) in his book describing the social processes behind a scientific revolution. There are multiple reasons why established researchers are reluctant to accept a new finding or interpretation contradicting the prevalent paradigm (Watve 2017). At a broader level we can pool all biases against nonconformist findings and hypotheses as Kuhnian biases which are intrinsically difficult to test. Peer review was not a common system when Thomas Kuhn wrote “The nature of scientific revolution” (1962). There are no studies on whether and how the peer review system has worsened or reduced Kuhnian biases, but by simple probability considerations they are likely to have increased. A nonconformist but sound and evidence based concept can ultimately get sufficient social support but the process most probably begins with only a few individuals appreciating it (Allen 1975). In the peer review system the editor invites typically 2 or 3 reviewers from the researcher community working in a field. Given that individuals appreciating sound but nonconformist ideas are rare, the probability that this small subsample of the population will have such individuals is very small. Unlike the examples that Kuhn uses to illustrate his thesis, today most findings and discussion about the anomalies in an existing paradigm are most likely to be rejected at the peer review level itself and therefore remain unpublished. If this is true, peer reviews are likely to have worsened Kuhnian biases. As a result with peer review system the path of a scientific revolution is expected to become more difficult than what Kuhn (1962) described. Nonconformist findings and interpretations are numerically always small but often scientifically much more important than an average publication. Therefore, even if one finds that peer reviews are fair most of the time, and are biased with a small probability, those biases could be disproportionately more important for the progress of science. But again owing to the confidentiality of the peer review process, no data are available to estimate whether any such biases exist in the peer review process and how detrimental are they to the progress of science. 
Biases are potential hurdles in the progress of science on the one hand, but on the other they are the cause of injustice to individual researchers. It is also likely that the different types of biases are additive so that if a woman scientist belonging to a non-white ethnicity and working in an obscure organization writes a nonconformist interpretation of experimental results that are anomalous to a prevalent paradigm, it will have little chance of getting published in a respectable journal. Therefore for the progress of science on the one hand and for justice to individual researchers on the other, the causes of peer review biases need to be analysed, the psychology behind them understood and appropriate steps taken to minimize them.
Kuhn stopped at describing how the scientific community reacts to an anomalous finding or nonconformist interpretation. He did not proceed to analyse the behavioural reasons for this reaction. Similarly the literature on biases in peer reviews also stops at detecting biases but rarely addresses the behavioural causes behind the biases. In a previous article (Watve 2017) I have listed a set of possible evolved behavioural mechanisms that might influence the reviewers’ recommendations and editors’ decisions. They include xenophobia, territorial behaviour with specific fields of research as territories, territorial settlements, displacement behaviour and concord fallacy (Watve 2017). These hypotheses can be tested if review data are available for analysis, which unfortunately remains under the cover of confidentiality. In this paper I intend to analyse mainly how cost-benefit optimization by every player in the scientific game influences the outcomes. Further I will also discuss the ways to address the concerns and build up an ideal new system that is likely to minimize the biases by reducing the conflict between individual optima and the collective goal of science. 
Bias is not the only issue haunting the editorial process. Other problems include finding the right reviewers and potentially appropriate reviewers agreeing to review and being able to fulfil their promise. The distribution of review work within a field is often highly biased with a small number of researchers doing most reviews (Sowards 2015). In the current system there is insufficient motivation for reviewing, perhaps because there is little direct or indirect reward for this highly demanding activity. As a result, most busy researchers are reluctant to review manuscripts. If they accept a review assignment, reviewers often entrust the job to junior lab members. Anecdotally this practice appears to be common all over the world although there are no data available. All such hurdles in healthy scientific publishing have behavioural reasons which need to be studied in order to uplift the credibility of scientific publishing. 
Rationalization in human behaviour: 

It is known for over half a century now that human decision making is not a straight forward and sequential ‘rational’ thinking process. ‘Rationalization’ refers to a phenomenon where a decision has already been taken and we then concoct beliefs, principles and justifications to rationalize the decision (Brehm 1956; Cushman 2019; Sharot et al. 2011). Rationalization is not simply an attempt to discover the causes behind a decision. It is often an attempt to construct or invent new set of beliefs. In soft rationalization people only try to justify their action, but in hard rationalization they make themselves believe that the stories they have concocted are true (Cushman 2019). Different sets of experiments from independent researchers have shown that once a decision is taken, people tend to modify and often invent reasons to reduce cognitive dissonance i.e. the contradiction, if any, between thinking and action (Harmon-Jones & Harmon-Jones 2007). 
The need for rationalization arises mainly because people are not always consciously aware about the true reasons behind a decision that they themselves have taken. This is best illustrated by an experiment on how eyes in picture-posters affect honesty in human behaviour. In this experiment people behaved more honestly when there was a picture-poster on the wall prominently featuring eyes, as compared to pictures with flowers and other objects (Bateson et al. 2006). At cognitive level nobody is likely to have thought that there were true eyes watching them. They all ‘knew’ quite well that there was only a picture on the wall. But at a behavioural level a detectable difference was observed. This illustrates that the actor does not always consciously know all the reasons behind his/her own behaviour. 
If these principles of human decision making are so fundamental to human nature, we cannot continue to pretend that they do not apply to editorial decisions and reviewers’ recommendations. We need to understand the inevitable human elements in scientific publishing and design a system that would work the best in spite of the behavioural limitations of human decision making. It is likely that the reasons for a decision and the justification given for the decision have only a partial overlap. Not all reasons for a particular decision could be consciously known to the decision maker itself. Therefore the comments in a review report is likely to be a set of post-decision justifications rather than the true reasons for the decision and there is a more complex subset of reasons responsible for the decision that never surfaces. 
Research is a noble profession and a researcher undergoes substantial training not only in research methods but also in research ethics. It is an assumption that there is a high level of honesty and commitment to science in the research community. Although this assumption may be largely true, there are two caveats. One is that even an honest mind is prone to biases that she herself is not consciously aware of. The second is as the number of research organizations along with the number of researchers and the number of journals are rapidly increasing globally, it may be impractical to rely on the assumption of honesty and commitment entirely. 
I will therefore start by assuming that the elements of evolved human behaviour will be at work all the time, and predict the possible effects of this on the possibility of biases in scientific publishing. It might be possible to overcome these innate tendencies by conscious control and a fraction of reviewers and editors may be doing it, but again what this fraction is and how effective is the control remains untested. But that should not prevent us from listing the possible behavioural reasons for biases in the peer review system so that they can be tested if and when data become available. Simultaneously, we need to think of how the system can be designed to minimize the effect of evolved behavioural principles on the judgment. In this article I will focus mainly on the innate tendencies to optimize cost-benefits in making a decision and explore the possible effects of cost-benefit optimization on the fairness of the review process. 
Cost-benefit optimization in human behaviour: 

Optimality theory is an important element of behavioural ecology and evolutionary psychology which assumes that a strategy that optimizes the cost benefits gets selected. Optimization models improve our understanding about adaptation and innate behavioural tendencies (Parker & Smith 1990). A number of examples of behavioural optimization abound literature in behavioural ecology (Stephens & Kerbs 1987; Bautista et al. 2000; Thakar et al. 2003; Ha 2010; Doniol-Valcroze et al. 2011). Although there has been serious criticism on some aspects of optimality theory (Pierce & Ollason 1987), the criticism is mainly about empirical testing and practical applications of optimality theory. It is really tough to have a null model and a sound experimental design for claiming that the observed behaviour of a species is optimal in a given context. Further there is lack of convergence in our understanding of evolutionary or adaptive optimization on the one hand and the psychological, neurobiological or proximate mechanisms at work on the other (Stevens 2008). Fewer studies attempt convergence of proximate and ultimate causes in optimization (Baig et al. 2019). Nevertheless, at a conceptual level, optimization of strategies continues to be useful to address evolutionary behavioural questions (Rahnev & Denison 2018). Not all well studied examples of optimization come from the species believed to have high level of intelligence. Complex optimization decisions have been modelled and studied in insects (Abe & Kamimura 2012; Charnov & Skinner 1988; Mills & Zaviezo 2000; Tenhumberg et al. 2006) and bacteria (Lele et al. 2011; Watve et al. 2006; Baig et al. 2014). Further optimization principles originated in biology have been used to develop useful and efficient algorithms (Chen et al 2011). Complex organisms exhibit much behavioural plasticity and have evolved the ability to judge the cost benefits in a given context and optimize their behaviour contextually. Behavioural optimization models have been used to explain human behaviour in nutritional (Nettle et al. 2017), ecological (Watve et al. 2016) and social context (Purshouse & McAlister 2013). There is considerable debate over the application of optimality to humans (Driscoll 2009; Rahnev & Denison 2018) particularly in experimental tests of perceptual decision making. However, even in these tests although individuals deviate substantially from the optimum, the average performance of a group is close to the theoretical optimum (Rahnev & Denison 2018). Despite limitations, constraints and contextuality, optimization appears to be a fundamental concept in behavioural evolution and therefore it would be reasonable to assume that humans do cost-benefit optimization in taking a behavioural decision, which may often be at a subconscious level. 
In research and in publication of research outcomes there are a variety of players including (i) the researchers and authors of research papers (ii) editors of journals (iii) reviewers invited by the editor (iv) publisher of the journal (v) the reader (vi) the institutes/universities that host the research (vii) funding agencies supporting the research. Every player has a different set of individual costs and benefits and accordingly different concerns. The collective goal is rapid and healthy progress of science and its translation into societal benefit wherever applicable. In an ideal system the collective goal and individual optimum should be in harmony. Such a harmony is expected to minimize conflicts in the system and support the pursuit of collective goal. However, if there is conflict between individual optimization and pursuit of collective goal, not only the progress towards the goal is slowed but there could even be fraudulent outcomes. 
A variety of optimization models have been proposed in various contexts, but can be broadly classified into difference models and ratio models. In some models a behaviour that maximises the net benefit, i.e. the difference between returns and inputs is maximised and in other models the ratio of returns to inputs is maximised. Although both the models are in use for a long time, clear rules as to when to use a difference model and when to use a ratio model were spelt out only recently. According to these rules when the investment opportunities are limiting and not the available investment, a difference model is appropriate and when the available investment and not the investment opportunities are limiting, a ratio model is appropriate (Watve et al. 2016; Watve & Ojas 2019). The intuitive logic behind these rules is quite simple. A difference optimization model maximizes the benefit per investment opportunity and therefore, when investment opportunities are limiting, this is the model of choice. On the other hand the ratio model maximizes the benefit per unit investment and therefore when the investable amount is limiting, a ratio optimum should be used (Figure 1). 
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Figure 1: A conceptual diagram for explainining the concepts of ratio optimization and difference optimization: When the output follows the law of diminishing returns and there is an overhead cost, the inputs where the benefit-cost ratio is maximized is where the tangent drawn from the origin touches the curve. The benefit-cost difference is maximized where the vertical difference between the curve and the break even line is maximum, or where the slope of the curves is unity. For any profitable relationship the ratio optimum is always on the left of the difference optimum. How much efforts one invests in a behavioural act depends upon whether ratio is being maximized or difference is being maximized. A ratio optimizer invests less and is less worried about the output quality. A difference optimizer is keen on increasing output quality even at the cost of higher investment. For a formal mathematical explanation see Watve et al (2016) and Watve and Ojas 2019. 
When the returns increase in a saturating curve, which is very frequently a baseline assumption of optimization models. The ratio optimum lies much to the left of the difference optimum (figure 1). In other words a ratio optimizer invests much less in a unit behavioural act than a difference optimizer. For maximizing a ratio, reducing the denominator is a more effective strategy than increasing the numerator. Therefore a ratio optimizer is more keen on cutting the costs. A difference optimizer is more interested in increasing the output even if it needs greater inputs, as long as the increase in inputs is not greater than the increase in output. Since the two optimization strategies often have diametrically opposite effects on behaviour, it is necessary to examine whether each of the players in the scientific publishing game is a ratio optimizer or a difference optimizer.
The cost-benefit currency: 

The major problem in cost benefit analysis in this context is that there are different currencies for the perceived costs and benefits. While for a researcher, the costs are the inputs in terms of time, energy and intellectual intensity, the benefits are more varied. A scientist’s mind should and does perceive intellectual benefits as important.  Being able to solve a problem, being able to raise a novel question, designing an experiment, getting expected results or being able to interpret surprise results are all intellectual benefits a researcher would certainly seek. But this is not at the exclusion of other costs and benefits. Apart from the intellectual costs and benefits reputation within the research community as well as among lay people is an important benefit sought after. A range of other benefits form a part of the system of working and the system of publishing. They include job prospects, tenure, power positions, successful publications, good citations of work, applause for a talk and so on. Last but not the least is direct monetary gains as pay scale, royalty and others. The different benefits are partially dependent on each other but may not have a very strong correlation. Different individuals give different weightings to the different benefits, but generally in the field of science reputation appears to be a top rated currency. It is difficult to make any quantitative models with the complex and multidimensional currency structure. But it is certainly possible to make a set of qualitative inferences and predictions which I will aim at. For the qualitative inferences that we would draw from the optimization analysis, as the readers will realize, precise currency conversion is not very important. 
We will now discuss the costs and benefits of every player in the scientific publishing game and their respective optimization strategies. For the sake of this discussion, we will assume that the players only optimize their individual costs and benefits. We will pretend, for the time being, that there is no moral commitment to science from any player. In reality, both the factors work with different intensities in different individuals. But even the most committed scientist does not completely give up individual cost-benefit considerations. Therefore to begin with we will analyse the cost-benefit considerations alone pretending that there is no selfless commitment to science. 
· Editors: Editors are important decision makers in the publication process and although their decisions are guided by review reports, they can steer the process by selecting reviewers as well as taking the final decision. The cost they need to pay is mainly in terms of time, energy and intellectual inputs. The benefits are variable depending upon the nature of the journal administration. In some systems the editors are employed as full time or part time editors and are paid and in others they do the editor’s job as a part of their duty to science, parallel to their own research. Some of the benefits may differ between the two but others are common. For any journal with high repute the number of manuscripts communicated is always large and therefore the editor’s time is the limiting factor and not the number of communications. With the global increase in the number of researchers, this situation is faced by almost every journal. As a result editors become ratio optimizers and not difference optimizers. Minimizing the time and efforts in taking a decision is the best optimization strategy even at the cost of the accuracy of decision. 
We assume that there is a price to be paid for a wrong decision in terms of loss of reputation (Tancock 2018). However this price is highly asymmetric. There are two types of wrong decisions and the price to be paid is widely different. If a ‘bad’ paper is accepted and published it can cause serious damage to the journal’s reputation and thereby to the editor’s reputation too. Therefore extreme care is needed before accepting a paper. This is a positive and desirable result of the potential reputation penalty for a wrong decision. However, there is a negative effect of the reputation penalty as well. The ‘bad manuscripts’ category includes not only the ones with problems or shortcomings in the scientific quality of the paper but also the ones politically incorrect or going against the mainstream thinking in any field. Since this type of wrong decision can be socially costly, cost-benefit optimizers are expected to be extremely conservative in an acceptance decision. It is also likely that publishing some findings against established star researchers in a field irks them. So, not only the accepted manuscript needs to be ‘good’ it also needs to be supportive of the points of view of the stars in the field. The influence of star researchers on publications in the field is well demonstrated by the significant change in the pattern of publications that follows the death of a star (Azoulay et al. 2016). An obscure author challenging one or more giants in the field is a high risk situation for the journal and conservative editors may like to avoid it. 

The other type of error, on the other hand, has little punishment. Rejecting a ‘good’ paper does not have any reputation cost since the decision almost invariably remains confidential. Only the authors know about it and they themselves are quite unlikely to talk about it, since rejection is perceived as damaging to their reputation. Further, if is perceived as natural for the authors to be upset about a rejection, so authors cribbing about a rejection has little value in the community. Therefore, even if a rejection is unjustified, the editor does not have to pay any cost for the wrong decision. In journals with high reputation a large proportion of papers are rejected without reviewing. This is because the time required to review such papers is treated as non-productive time and the cost-benefit optimization demands that non-productive time should be minimized. This perception itself is against the original spirit of peer review. But since the purpose of peer review is reduced to accepting and rejecting papers it is natural to perceive the efforts spent on rejected papers as non-productive. In order to reduce non-productive time the editor needs to take a quick judgment of the quality of the paper. Since reading a manuscript has a high cost, a number of surrogates help reducing it. There is a positive correlation between the reputation of the institute from where the manuscript comes and the quality of the paper. It’s not a one to one correlation. Good papers can potentially come from obscure places and at times bad papers from reputed institutes, but the editor can save time and energy cost by applying probability rules. A probability based decision is good from the cost-benefit optimization point of view since quick and careless rejections save costs and a wrong rejection does not result into any penalty. 
The editors often know the authors personally and can make an educated guess about the quality of the paper without reading much. Therefore quick rejection without reading the manuscript is a good strategy if it comes from unknown and non-reputed authors, organizations or countries. The reverse is not true. Manuscript from reputed authors or organizations cannot be accepted carelessly since accepting a ‘bad’ paper can carry serious penalty. The expected end result is that type A error (accepting a ‘bad’ manuscript) is less probable but type B error (rejecting a good manuscript) can be extremely common. Experimental studies are compatible with this prediction. People are more likely to accept a manuscript from a reputed place for review and acceptance is more likely when they know it comes from a reputed place in comparison with a blinded control (Tomkins et al. 2017). 
Another dimension of the editor’s position is socio-political and is relevant particularly to editors who are active researchers. It is natural for any researcher to develop relationships with other researchers in the field. This can take a diversity of forms and becomes extremely important in the editor’s position. The social connectivity and acceptance of a researcher influences the chances of he/she becoming an editor and the editorial decisions can be subtly influenced by the linkages. On the other hand editorial decisions can influence professional as well as personal relationships and editorial decisions may be affected by the anticipation of such social complications. Here again the cost-benefit calculations demand that you need to be extremely careful in accepting manuscripts even when they are from close connections, but one can be careless in rejecting those that are from unknown authors or authors the editor does not perceive to have any professional relationships with in near future. For journals that have a high rejection ratio, it implies that if a manuscript comes from a less-reputed organization or country, it is most likely to be rejected without a careful read. Most often such manuscripts are rejected without review. This can be tested easily if editorial decision data are made available.
The cost-benefit optimization applies to the choice of reviewers as well. Since in the current system reviewers have little direct benefit in reviewing a paper, as we will see more elaborately below, the editors often have to ask a favour from busy researchers. The reviewers are likely to be happy with certain manuscripts, particularly the ones that support or uphold their hypotheses with new data.  Accordingly the editors may gain a social benefit by pleasing highly influential scientists by sending them such manuscripts. As a corollary any nonconformist manuscript is more likely to go to ‘lesser’ scientists, if at all reviewed. The editor knows by experience more liberal versus more critical reviewers and thereby has substantial control over the probability of a manuscript getting accepted or rejected and they can play this card diplomatically. As a result editor’s position is a power position and although it has a large associated cost, many researchers may be happy to be offered one.

· Reviewers: Reviewers are the most important players in the scientific publishing game. In the prevalent system of scientific publishing there is no direct benefit awarded for a reviewer and it is presumed to be a sincere duty of any researcher in the interest of science. Busy researchers are often reluctant to accept review requests and even when they accept one, it is a low priority task. Therefore getting reviewers for every manuscript is often a headache for the editors. Since reviewers remain anonymous most of the time, their reputation is rarely at stake, except with the requesting editor. The cost incurred is only in terms of time and efforts.  Nevertheless there are several indirect benefits to the reviewers. They can avail social and political benefits such as building good relations with the editors who are likely to handle your manuscripts in future. Often they can please the authors by letting them know formally or informally who recommended acceptance of their paper. They have access to new research before publication. Perhaps more important than all this is that they can suppress evidence against their own points of view and promote one in support. However these benefits do not increase in proportion to the time and efforts spent in thorough reviewing. Therefore for a reviewer optimization of benefit-cost ratio is best done by minimizing the denominator.
A very effective way to decrease the denominator is to transfer the responsibility to a junior researcher, post doc, PhD student or even a project assistant in the lab. Although involving students in the review process might be a part of their training, leaving the responsibility on them is not the expected response from a reputed reviewer.  However, since the reviewer reputation is not at stake it is possible to do so and get away with it. With increasing volume of scientific publishing reviewers are under huge demand, but there is surprisingly little incentive for as well as quality check on reviewing. This is the major drawback in the current scientific publishing process. Indeed many reviewers do it in the interest of science and it is a significant contributor to the quality of scientific publishing but careless reviewing may not be as uncommon as believed and a change in the system to offer meaningful incentives to reviewers as well as keeping a quality check by linking it to their reputation will help improve the quality and fairness of scientific publishing substantially. We will discuss in the second half of this article a possible way of doing so.
The rationalization principle applies most extensively and appropriately to reviewers. There are a number of possible reasons why a reviewer would like to recommend acceptance or rejection. However, not all of them can be stated in the review report. Moreover, the reviewer may not even know all the reasons behind his/her decision. Nevertheless impressive rationalization needs to be done. How the reviewers decide to recommend acceptance, revision or rejection and how they rationalize on their decision is a fascinating subject of psychology, but currently owing to the confidentiality of the review process no data are available. 

· Journal administration: Journals are owned either by Scientific Societies or by Publishers. Although the commercial interests may be different, in either case, reputation and impact factor like indices are extremely valuable for the journal administration. The journal publisher may not interfere in the day to day editorial process but they decide the scope and policy of the journal and appoint the editors. The scope and policies can influence the impact factor like indices substantially. Since themes in trend are more likely to attract more citations and thereby increase the impact factor, they are keen to cover such areas. As more journals give preference to the trendy areas, the trend reinforces itself. This positive feedback process strengthens waves, further blows up the importance of quantitative indices.  
Journal administration frequently has its own media cell that issues press notes on selected published papers that can make news headlines. Selection of papers for media coverage is decided by its potential public appeal and sentiment value which is more likely to further reinforce a trend. Trends benefit publishers and publishers in turn are interested in strengthening the trends. 
· Readers: The cost-benefits of readers are rapidly changing with increase in online publishing. The reader or his/her organization had to subscribe to a journal earlier. Now there is an increasing trend towards free downloadable articles and author charges which reduces the costs to the reader substantially. As a result the optimization of the reader has drifted to reading a large number of articles with a decreased effort per article. At the same time the reader has to choose articles of real interest from a huge pile of publications. This has certain reflections in the writing style as well. The titles are becoming shorter and more attractive, abstracts have to make all major findings explicit and in addition to descriptive abstracts, highlights and graphical abstracts are making the reader’s job easier. On the other hand, readers’ methods of searching articles also changes the cost-benefits of authors and thereby influence what career minded researchers would like to do. 
Online searches have a dual effect on publication access. In the old system certain journals were widely subscribed and others were not. Therefore it was more important to publish in a widely subscribed journal. Today almost every journal is searchable online and therefore ideally the relevance of choice of journal should vanish. But surprisingly the importance of impact factor is on the rise instead of declining. One of the reasons is likely to be in the cost-benefit optimization of the reader. Since the reader has to choose among a very large set of available literature, he/she may exert a surrogate choice based on impact factor like indices. However, this is not an inevitable result of large literature volume. Appropriate keywords and better search engines can potentially resolve the problem. Therefore for a reader, the impact factors should become increasingly irrelevant from the access and choice point of view. There are other reasons related to cost-benefit optimization of other players that increase the importance of impact factor like indices.
Most readers of research papers are researchers themselves. Although for them accessing and reading may become independent of impact factors or journal reputation, when they cite papers in their manuscripts they tend to think that citing high impact journals is likely to increase the perception of their manuscript. This is also a testable hypothesis and access to review data would help the analysis. This is another potential positive feedback process in the system that affects the social structure of the researcher community.

· Funders: Research funding for basic science mainly comes from government or non-government funding agencies. The funding agencies are investors who would be interested in maximising the returns on investment. The returns are measured in terms of publications, patents and commercialized processes if any. Since the rate of success is important for them they are likely to prefer success ensured projects and avoid novelty and risk. There are two standard ways of ensuring this. One is to rely on the reputation of the investigator and his institution and the other is to see whether the path ahead is clearly defined so that the chances of success are good. The flip side of this optimization strategy is that novel and risky ideas are less likely to be supported since new ideas often come from young researchers who are yet to establish a reputation and also new ideas often have an uncertain path of progress. The cost benefit optimization of funding agencies certainly stands in conflict with novel ideas and research paths. 
Again, since the number of funding proposals is large and there is an increasing trend in the numbers, the funders need to be ratio optimizers and not difference optimizers. They need to make judgments with minimum evaluation inputs. Further they need to rely on a set of experts. Having a large number of experts involves greater management cost. A small set of experts may not be sufficient to have in depth knowledge of all the super-specializations that the funding requests come from. Here again, the optimization would go by ratio than by difference. Ideally a researcher’s potential and quality should be judged by reading his published work. But there is huge cost in reading. This cost can be cut down substantially by the use of impact factor like indices. Here again probability based decisions are most cost effective and therefore there is no need to read everything. In systems where the experts need to give justifications for their short listing, they need to read something at least to enable them find justifications for their decisions. Here too the cost-benefits of acceptance and rejection are highly asymmetric so while positive decisions need to be more careful, negative decisions can be careless and there is little penalty for a false negative. 
· Universities/Institutes: Organizations that support researchers pay a huge cost in employing the researchers and providing necessary infrastructure. But this they do simultaneously with a large number of researchers working in different fields. This is a high overhead ratio optimization scenario which necessitates that they are careful in choice of the researchers and also monitor their output. Most organizations have a system of evaluation of researchers at the time of selection as well as periodically through their career. However, a problem lies with the criteria used for evaluation. Ideally evaluation of scientific work can only be done be detailed reading of the published scientific work of a researcher. However, evaluators may not have the necessary expertise for it and moreover do not have the necessary time to do so. As a result they need to rely on surrogates. The number of publications along with impact factor like indices can provide a quantifiable surrogate index, which can effectively save the reading cost. This is the main reason why indices like impact factor have gained importance in the evaluation of aresearcher. If researchers were being evaluated by reading their work, impact factors would have rapidly become irrelevant. But with increasing numerical volume of the scientific community, and also with increasing technical specialization, it is becoming increasingly impossible to evaluate a researcher by reading his published work. Therefore it is inevitable that such indices would retain their importance. The impact factor like indices have faced serious criticisms on several grounds (Bohannon 2016; Callaway 2016; McKiernan et al. 2019) but they would continue to retain their importance because of behavioural reasons if not for scientific reasons. Since they alter the cost-benefits of evaluation favourably to the evaluator, they will continue to be used. One can nevertheless think of how to make such surrogate criteria more reliable and less biased. We will address this question in the second half of this article. 
· Researchers/Authors: Since reportable scientific findings are more likely to be limiting than the time at hand for the researcher, researchers are most likely to be difference optimizers. Researchers’ investment per publication is maximum among all the players and includes time, energy, efforts, intellectual inputs and at times (the frequency of which is on the rise) their own money. Online publishing and author charges have added to the costs to the author. In addition the fear of losing reputation due to any reason is high. The benefits they expect from a publication include credit, reputation, intellectual property rights as well as contribution to quantitative evaluation criteria which may decide their salaries, tenure or job security. Sometimes getting direct monetary benefits such as patent royalty or indirect such as research grants crucially depend upon ‘good’ publications. Since most persons involved in deciding a researcher’s career opportunities do not have time to read his/her publications, a good paper only means a one published in a journal of high impact factor. 
A researcher is evaluated formally or informally by the employer organization, other researchers, science journalists, relatives and social circles as well as by common people. Very few of the ‘evaluators’ are technically capable of reading and understanding the work. Often the employer organization authorities may be capable of understanding the work but have little time to do so. A true evaluation of scientific work can only be done by reading the work. However, reading being very costly, most evaluators depend upon surrogate measures such as the reputation or impact factor of the journal, media coverage if any and formal or informal reactions from other researchers in the field. 

Since the surrogates matter a lot, apart from doing high quality science the researchers need to have several other concerns in order to maximize their benefits. Work on popular themes gets more quickly appreciated and receives many and quick citations, it pays to be a trend follower than being a trend setter. Out of the box ideas often meet with more reluctant response, scepticism or outright disbelief and it might be a more useful strategy to avoid them. There appears to be an optimum level of novelty for a piece of work to receive appreciation. High level of novelty has a high cost and more unpredictable social benefit. Although the intellectual satisfaction as a benefit may be very high, individuals relying substantially on social benefits may find it useful to keep the novelty low to moderate. It might be particularly important to avoid confrontation with the currently dominant school of thought in the field and the interests of the dominant personalities in the field. 
As a part of the optimization strategy most researchers seek positions in more reputed institutes or universities. It is easier to publish from a more reputed institute for reasons discussed below. It is also easier to attract funding. Therefore attempt to get positions in an organization with better reputation is a part of strategic optimization for any researcher. Position in reputed institutes and publication in high impact journals exhibit a positive feedback cycle as explained in greater details below. Thus apart from doing high quality research, researchers need to employ many other strategies in order to optimize the cost-benefits from publishing their research. 

Effects of cost-benefit optimization on the quality of science and social justice among the researcher community: 
Assuming that every player tries to optimize his/her own cost-benefit, a number of consequences for the quality of science and the rate of progress are inevitable. (i) In the current system low quality science is unlikely to get accepted in journals of high repute, but good quality science from lesser known researchers is equally unlikely to get accepted there. The possible effects of type B error being more likely than type A may not be visible since instances of type B error always remain hidden. In the absence of data it is impossible to know how much loss science suffers due to type B error. But it certainly is unjust to good researchers that are less connected to the power centres of scientific publishing. (ii) The second possible effect of the current cost-benefit structure is that novelty is discouraged. Novel ideas are often high risk ideas and they are more difficult to get funded as well as published. Even more difficult is theory or experimental work that goes against a currently prevalent paradigm. Paradigm shift is difficult in science owing to many reasons (Kuhn 1962). Many of the reasons existed before peer review became the central protocol of scientific publishing. But peer reviews have potentially created an additional hurdle for potential scientific revolutions which Thomas Kuhn had not foreseen. It should be possible to soften the Kuhnian barriers if not eliminate them by restructuring scientific publishing as we discuss below (iii) The third important consequence is the inequality of science organizations. It is not very difficult to practice good science in a third world country or a university with minimum facilities and reputation. All fields of science do not need huge amount of funding and certain types of work can be pursued with high scientific quality in any corner of the world. However owing to the structure of scientific publishing and the cost benefits of editors and reviewers, it would be difficult to publish high quality work in reputed journals from less reputed places. As a result, good researchers strive hard to get into organizations of high repute. These organizations can afford to invest substantially in attracting good researchers. Moreover is it easier to get better publications from such organizations which works in a positive feedback cycles. Such vicious cycles make it difficult to spread good quality science throughout the globe. The imbalance in science has many political consequences and therefore dominant political forces would try to protect the imbalance. But it is in the interest of science and humanity that science should spread globally in a more equitable fashion. Although the importance of reputation of institutes is and should remain relevant, it should not escalate to monopolizing. It should not be impossible to do and publish good science from less reputed places. But with the current structure of science publishing the cost-benefit optimization of editors and reviewers is bound to increase the imbalance. 
Changing patterns in cost-benefits: 
As the research community grows numerically in terms of number of researchers, number of institutes and universities, number of journals and number of publications it would become increasingly difficult to rely on the commitment to science by editors and reviewers. This, on the one hand, increases the need for peer reviews but on the other, makes the current system of peer review more and more biased. There will be increasing temptations to go by individual cost benefits and therefore a system of publishing should be operational in which individual cost-benefit optima are in minimum conflict with the global and humanitarian goals of science. Therefore it is necessary to think of designing systems of science publication which are based on the principles of human behaviour. If a system works the best when each individual behaves to his/her individual optimum, the system will always deliver good output independent of the selfless commitment of individuals. I will discuss below how such an alternative system be built. 
A behaviour-based alternative system:

The problems with the current system are often recognized, discussed and some alternative experimental systems are under trial. Some journals have practiced double blind or even triple blind reviews. The success of blinding is extremely limited because the human mind is not evolved for impersonal judgments. If the author identity is masked, the reviewer’s mind spontaneously starts guessing the source. In fact, studies have shown that masking fails to hide the identity of the authors quite often (Justice et al 1998). The reviewers spend substantial efforts in imagining the author identity (Kuehn 2017) which may worsen the quality of review further. 
On the other hand, a number of experiments are being performed on open per reviews (Ross-Hellauer 2017). Some journals have open review process where the reviewers’ comments and author responses are made public, but only for accepted papers. By our cost-benefit analysis biases are more likely with the rejection decision and therefore making the reviews of rejected manuscripts public is more relevant. 

Although exploration and such experimentation on alternative review systems are welcome, they have limited success so far and haven’t yet replaced main stream significantly. There are two possible reasons for the limited success of the alternative publishing systems. One is that they are not designed based on the principles of human behaviour. Systems with harmony in every player’s cost-benefit optimum would work with minimum hick-ups and maximum fairness. But such systems haven’t been explored as yet. The other being that it may be against the interest of the current power structure of science and therefore the established systems are reluctant to change. We can nevertheless think of whether we can design a system optimizing cost benefits of all parties and still reducing type A and type B errors so as to facilitate the progress of science. 

Since good quality reviews are most crucial to scientific publishing, the cost-benefit optimization of the reviewer should be the first consideration in designing an alternative publishing system. For which it is necessary to give sufficient incentive for reviewing as well as allow reviewers to build reputation for good quality reviews. This can be achieved by making the review reports public with optional anonymity. However, currently journals that do so only publish review reports of accepted papers. Rejection recommendations can still be accompanied with hurried conclusions and irresponsible comments and reviewers can get away with it without affecting their reputation. Anonymity should be optional for the reviewers but if reviewers are ready to publish the review report disclosing their names, the published reviews should be considered as a valid form of publication that can be credited to the reviewer. Reviewers should be able to enrich their CVs and given some importance by their evaluators at any level. Anonymous reviews cannot be included in evaluation for obvious reasons. The choice of being or not being anonymous would then lie with the reviewer. There could be specific conditions under which the reviewer may not like to disclose his/her name. But commonly disclosing it would be beneficial for the reviewer. Inclusion of reviews in evaluation would provide a substantial incentive for reviewing but at the same time publication of review reports would impose a reputation cost for bad quality reviews. Since all reviews are made public, bad quality reviews will threaten the reputation of a journal as well. Thereby bad quality reviewers are unlikely to get further review requests from the journal. This carrot and stick approach can fundamentally alter the cost-benefits of reviewers motivating them towards greater efforts, greater quality and simultaneously offering them greater rewards. 

It is easy to visualize publication of review reports for an accepted paper. How to publish reviews of rejected manuscripts? There are two solutions to the problem. One is that reviews would be posted on pre-print servers independent of acceptance or rejection. Some pre-print servers currently accept posting review reports and authors’ responses even for rejected manuscripts, but they do not allow disclosing the journal name. A single step change in this policy would allow making all reviews public. This will substantially improve review quality since bad reviews would bring bad repute to the journals as well as to the reviewers. Making review comments public can reduce the asymmetry in the penalty for wrong decisions. Rejecting a good paper would also have some reputation cost in the long run, although not as large and immediate as that for publishing a bad paper. 
Another potential solution is more radical and that is to change the acceptance rejection system. My suggestion is that the editor does not take an acceptance or rejection decision. But based on the reviewers’ comments the editor assigns a grade to the paper, say going from 0 to 1. Then the ball is in the authors’ court. The authors decide whether to publish the paper in the given journal with the given grade or to retract and resubmit to the same or different journal hoping for a higher grade. The paper will be published along with all comments and the grade assigned. If the comments expose major flaws in the work, the authors will get exposed by publishing along with the comments. They should better revise their work. The publication declares the grade right at the top. Bibliographic listing of the paper should include the grade along with the volume, page numbers etc. In this system, the product of the journal reputation index and the grade obtained by the author should be used instead of the journal impact factor alone.  So publishing in a high reputed journal with a near zero grade may be bad for the authors and they may go for reworking and resubmitting somewhere else. But they should be free to choose to publish even with a low grade score if they are confident about their work and think that the comments and the grades are unfair. This would allow publication and dissemination of scientific work uninhibitedly but at the same time with comments and grades from expert reviewers from the field published. So readers have access to both and they are free to form their own opinion. At the same time since comments are also published, the responsibility of reviewers would be much higher, improving the review quality itself. But in any case readers would be the ultimate evaluators. It is likely that some work might be ahead of its time and therefore not appreciated by reviewers at the time of publication. Today such work simply does not get published. In the new system it would certainly get published, may be with not so positive comments. But since it gets published, it would become accessible and its importance would be realized at the right time. In the current system reviewers’ views can stop publication and readers do not have the freedom to differ from the reviewers. This freedom will be brought on board if the ultimate choice of publishing or not publishing lies with the authors. Just that they have to understand that their paper will get published along with the comments and grade offered. 

If authors decide to retract the paper from a given journal owing to low grade score or adverse comments, they should be free to publish the review reports either on pre-print servers or along with publishing their paper somewhere else. If the authors declare that this paper was given zero grade score by the editors of the previous journal, and the paper happens to receive some importance later, the decision of editors of first journal will be exposed. This increases the responsibility of editors while grading as well. 
A practical problem that reputed journals might face is that they will be flooded with communicated manuscripts and it would be impossible to review all. To prevent this, primary editorial judgment and decision to return the manuscript should be retained as it is today. However, this decision will have to be made carefully with appropriate justification which the authors may make public if they wish. A number of journals have standard pre-drafted letters for rejections at this stage. This creates some tricky situations. In one manuscript communicated, we had shown that a fundamental assumption behind the prevalent mainstream theory in a field was wrong, which could have been sufficient to topple the theory itself. This manuscript was returned on the grounds of “not having sufficient novelty”. This implied that it was already known that the prevalent theory was wrong.  I was delighted at this rejection and asked the editor whether I could quote this comment in support of our central argument that the theory was wrong. Then suddenly the editor became cautious and replied with a long letter, much of which was not relevant to my question anyway. However, he admitted that certain sentences are routinely written for manuscripts that we return without review. Editors generally get away with this type of negligence because all editorial correspondence remains confidential. 
On another occasion an editor returned our manuscript without review saying that we do not publish papers in this specific field. Coincidently in a couple of months I received a request for comments from the same journal for a manuscript in the same field. I wrote back to the editor requesting him to be more careful in rationalization of the rejection action to avoid such embarrassing situations. However, he was not embarrassed since I was the only person to see the dissonance. But when I asked him his consent to make the editorial correspondence public, he objected very strongly. The two incidents illustrate that editors are generally careless in rejections and that they would be reluctant to make it public because of the fear to get exposed. But if accessibility of all editorial correspondence becomes the norm, even rejection decisions will have to be made with sufficient care. Therefore returning manuscripts without review may continue to be an inevitable practice, but transparency even at this level will make it a more responsible process. 

How this system would handle biases and other currently faced difficulties:

The three main features of the suggested system in decreasing order of importance are 

(i) Transparency and public accessibility of the reviews

(ii) Recognizable reward credited for reviewing, and for consent to disclose reviewer’s name
(iii) Authors to ultimately decide acceptance/rejection 

The optimization dichotomy would remain as it is in the sense that editors and reviewers will remain ratio optimizers and authors mainly difference optimizers, but the asymmetry in the cost-benefits of acceptance versus rejection decisions will reduce to a large extent if not completely. Since all reviews and decisions are freely accessible, rejection decisions also would have to be taken carefully. Reputation damage by type B error would still not be as large as that by type A error, but it will be some non-zero positive as compared to the near zero of the current system. So the symmetry will not be perfect but better than what it was earlier. 

The system aims to make the entire peer review process transparent but leaving the choice of anonymity with the reviewers and the choice of publishing or not publishing in the journal with the given grade and given comments with the authors. This will substantially reduce the biases and irresponsible behaviour of any player. Any residual irresponsible behaviour will get exposed on which readers can exert their ultimate judgment. Since publication is ultimately accessible for all authors, the gender and place of work bias will be removed from publication decision. It may still be there in the grading, but that too is expected to reduce since accountability in reviews and editorial decisions will increase. 

Will it threaten the journal reputation or its impact factors? Journals may feel threatened by the feature that the ultimate decision to publish will be taken by the authors. However, there are two possible solutions to this built in the system itself. One is that the journal editor assign the grades. The other is that while calculating impact factor like indices the citation data would be weighed by the grade given to each of the papers. The calculation of indices would be a little more complex but the citation data of a paper with a grade of 1 will weigh 100 times more than one with a grade 0.01. Therefore the journals can control their impact factor like indices by being careful in reviewing and grading manuscripts. Ultimately the journal reputation will be decided by the review quality and grading judgment. This is precisely what a journal quality should mean. 
The ultimate global implication of the new system will be a relatively even dissemination of science throughout the globe and reduction, if not elimination of oligopoly. Some differences in the quality of different universities will remain but the difference will be decided by their own quality of work. It would be possible to publish good work from any place. The unjustifiable difficulty of publishing good work from the third world would certainly reduce substantially. Then good scientists would enjoy working in different places in the world and still do equally good work. Spreading science throughout the globe more or less equitably is likely to have desirable social and political consequences too, which should be the long term goal of science. Today one of the main hurdles in achieving this goal is the oligopoly in science publishing. Removing that is likely to be a major step in changing different dimensions of the world. 
Of greater relevance is the availability of data on the science publishing process available to meta-science researchers. Currently whether there are biases in the publication system, the nature and extent of bias cannot be studied mainly due to confidentiality of the editorial process. In the new system all steps can be transparent while protecting the rights to anonymity. As a result all the data will be available to researchers in meta-science, history and philosophy of science. When such data are available our understanding of science would increase many fold. Science grows not by theorems, experiments and data analysis alone, human behaviour of science handlers is a large and inseparable component of science. Our understanding of that will grow only when data about it comes in the public domain. 

Starting trouble in adopting the new system: 

If the system suggested above is accepted as ideal, it would still face difficulties in getting into practice. One possibility is that editors would oppose the system since they have to be more responsible. But it is obvious that editors which are already responsible are unlikely to oppose it. Any journal adopting a new system might find it more difficult to get reviewers since reviewers have the right to reject the request and the greater responsibility of the new system increases their reluctance. If institutions and universities accept inclusion of published reviews in the evaluation of researchers, there will be sufficient incentive to accept review invitations. But this decision is not in the hands of journals who may think of starting the new system.
More likely is the opposition from the current political and power structure associated with science. The promise of more equitable distribution of benefits of science throughout the globe might be a threat to at least some of the power elements in the field. However, if supporters of fundamental science are strong enough, the power politics can be effectively countered. 

The major hurdle in implementation of all components of the proposed system is that it needs simultaneous change at several levels. The journals, science organizations, Universities, funding agencies all need to change eventually and therefore the decision is not in the hands of a single agency. Who will begin and whether others will follow is the critical question. In a very likely situation an agency that begins the change will have to pay a higher cost for quite some time, until the new system becomes the norm. There is a risk of getting isolated if other components are reluctant to change.
Nevertheless there is one solution that authors can implement at their end. In the publishing game authors against whom the biases work are at the receiving end. So they should be the ones to take the lead and they can certainly do so very effectively. Authors should start making all the review comments they receive public by posting them on preprint services. At least some preprints have started accepting such posts. If authors are worried that this may affect the publication of their paper elsewhere they can do it a little differently. That is when any paper is accepted in any journal, they can publish the entire history of that paper including previous rejections. If the paper has been rejected previously the reviewers’ and editors’ comments recommending rejection, the comments during revision and acceptance, the former and revised versions of the manuscript can all be made public by the authors themselves. This would expose the rejection decisions. Then it is for the interested readers to judge whether the rejection was sufficiently responsible. If a critical mass of authors does this, editors and reviewers understand that the cover of confidentiality is gone. Any irresponsible decision or bad review gets exposed. This kind of exposure is sufficient to reduce type B error. If decisions are getting exposed anyway, editors would have less reluctance to make the correspondence public themselves. Once the chain begins other changes will follow inevitably. Authors often think that rejection is unjustified. If they think so, they have no harm in making the entire correspondence public so that readers may ultimately be free to decide whether it was justified or not. If the authors are wrong, they will themselves get exposed. This step, if boldly taken by authors who think they have suffered some injustice, would facilitate the change. Ultimately greater the transparency, greater will be the benefit of the global science movement.
References
1. Abe, J., & Kamimura, Y. (2012). Do female parasitoid wasps recognize and adjust sex ratios to build cooperative relationships? Journal of Evolutionary Biology, 25(7), 1427–1437.

2. Allen, V.L. (1975). Social support for nonconformity. Advances in Experimental Social Psychology, 8, 1-43. 

3. Asch, E.S. (1955). Opinions and Social Pressure.  Scientific American. 193 (5), 31–35.
4. Azoulay, P., Fons-Rosen, C., & Zivin, J. S. G. (2016). Does Science Advance One Funeral at a Time? American Economic Review 109, (8) 
5. Baig, U., Bhadbhade B., Watve M. (2014) Evolution of Aging and Death: What insights bacteria can provide. The Quarterly Review of Biology, 89(3), 209-233.
6. Baig, U., Lokhande L., Lalwani P., Chawla S., Watve M. (2019). Foraging theory and the propensity to be obese: an alternative to thrift. HOMO Journal of Comparative Human Biology, In press.

7. Baron, R. S., Vandello, J. A., & Brunsman, B. (1996). The Forgotten Variable in Conformity Research: Impact of Task Importance on Social Influence. Journal of Personality and Social Psychology, 71(5), 915–927.

8. Bateson, M., Nettle, D., & Roberts, G. (2006). Cues of being watched enhance cooperation in a real-world setting. Biology Letters, 2(3), 412–414.

9. Bautista, L. M., Martin, B., Martinez, L., & Mayo, C. (2001). Risk-sensitive foraging in coal tits. Behaviour, 138, 69–83.

10. Bohannon, J. (2016). Hate journal impact factors? New study gives you one more reason. Science DOI: 10.1126/science.aag0643

11. Brehm, J. W. (1956). Post decision changes in the desirability of alternatives. Journal of Abnormal and Social Psychology, 52(3), 384–389.

12. Callaway, E. (2016). Beat it, impact factor. Publishing elite turn against controversial metric. Nature 535, 210–211. 

13. Charnov, E. L., & Skinner, S. W. (1988). Clutch size in parasitoids: the egg production rate as a constraint. Evolutionary Ecology, 2(2), 167–174.

14.  Chen, M., Cho, J., Zhao, H. (2011). Incorporating Biological Pathways via a Markov Random Field Model in Genome-Wide Association Studies. PLoS Genetics 7(4): e1001353. 
15. Campanario, J. M.: (1998) Peer Review for Journals as it Stands Today. part 1 and 2. In: Science Communication 19(3) pp. 181–211 and 19(4) pp. 277–306.

16. Cushman, F. (2019). Rationalization is rational. Forthcoming in Behavioral and Brain Sciences, 1–69. doi:10.1017/s0140525x19001730 
17. Doniol-Valcroze, T., Lesage, V., Giard, J., & Michaud, R. (2011). Optimal foraging theory predicts diving and feeding strategies of the largest marine predator. Behavioral Ecology, 22(4), 880–888.

18. Driscoll, C. (2009). On our best behavior: optimality models in human behavioral ecology. Studies in History and Philosophy of Science, 40(2):133-41. 

19. Fender, C. M., & Stickney, L. T. (2016). When two heads aren’t better than one: conformity in a group activity. Management Teaching Review, 2(1), 35–46.

20. Festinger, L. (1999). Reflections on cognitive dissonance: 30 years later. Cognitive dissonance: Progress on a pivotal theory in social psychology, 381–385.

21. Germar, M., Albrecht, T., Voss, A., & Mojzisch, A. (2016). Social conformity is due to biased stimulus processing: Electrophysiological and diffusion analyses. Social Cognitive and Affective Neuroscience, 11(9), 1449–1459.

22. Ha, T. (2010). Optimality Conditions for Several Types of Efficient Solutions of Set-Valued Optimization Problems. In: Pardalos P., Rassias T., Khan A. (eds) Nonlinear Analysis and Variational Problems. Springer Optimization and Its Applications, 35. Springer, New York, NY

23. Haffar, S., Bazerbachi, F., & Murad, M. H. (2019). Peer Review Bias: A Critical Review. Mayo Clinic Proceedings, 94(4), 670–676.

24. Harmon-Jones, E., & Harmon-Jones, C. (2007). Cognitive Dissonance Theory After 50 Years of Development. Zeitschrift Für Sozialpsychologie, 38(1), 7–16.

25. Justice AC., Cho MK., Winker MA., Berlin JA., Rennie D. (1998).”Does Masking Author Identity Improve Peer Review Quality?” JAMA, 280(3):240-242.
26. Kelly J., Sadeghieh T. and Adeli, K. (2014) Peer Review in Scientific Publications: Benefits, Critiques, & A Survival Guide. J. Int. Fed Clin Chem 25(3): 227–243
27. Kennefick D. (2005) Einstein versus Physical Review. Physics Today 58, 9, 43. 
28. Klucharev, V., Hytönen, K., Rijpkema, M., Smidts, A., & Fernández, G. (2009). Reinforcement Learning Signal Predicts Social Conformity. Neuron, 61(1), 140–151.

29. Kuehn, B. M. (2017). Rooting out bias. ELife, 6, 1–3.

30. Kuhn, T. S. (1962). The structure of scientific revolutions. Chicago: University of Chicago Press, ISBN: 0-226-45803-2
31. Lee, C. J., Sugimoto, C., Zhang, G., Cronin, B. (2013). Bias in peer review. Journal of the American Society for information Science and Technology, 64(1):2–17.

32. Lele, U. N., Baig, U. I., & Watve, M. G. (2011). Phenotypic plasticity and effects of selection on cell division symmetry in escherichia coli. PLoS ONE, 6(1). doi:10.1371/journal.pone.0014516

33. McKiernan, E. C., Schimanski, L. A., Muñoz Nieves, C., Matthias, L., Niles, M. T., & Pablo Alperin, J. (2019). Use of the Journal Impact Factor in academic review, promotion, and tenure evaluations. PeerJ Preprints, 27638.

34. Mills, N., & Zaviezo, T. (2000). Factors influencing the evolution of clutch size in a gregarious insect parasitoid. Journal of Animal Ecology, 69, 1047–1057.

35. Nettle, D., Andrews, C., & Bateson, M. (2017). Food insecurity as a driver of obesity in humans: The insurance hypothesis. Behavioral and Brain Sciences, 40. doi:10.1017/s0140525x16000947

36. Nickerson, R. S. (1998). Confirmation bias: A ubiquitous phenomenon in many guises. Review of General Psychology, 2(2), 175–220.

37. Parker, G. A., & Smith, J. M. (1990). Optimality theory in evolutionary biology. Nature, 348(6296), 27–33.

38. Phillips, J. S. (2011). Expert bias in peer review. Current Medical Research and Opinion, 27(12), 2229–2233.

39. Pierce, G., & Ollason, J. (1987) Eight Reasons Why Optimal Foraging Theory Is a Complete Waste of Time. Oikos, 49(1), 111-117.

40. Purshouse, R.C., & McAlister, J. (2013). Multi-objective Optimisation for Social Cost Benefit Analysis: An Allegory. In: Purshouse R.C., Fleming P.J., Fonseca C.M., Greco S., Shaw J. (eds) Evolutionary Multi-Criterion Optimization. EMO 2013. Lecture Notes in Computer Science, vol 7811. Springer, Berlin, Heidelberg

41. Rahnev, D., Denison, R.N. (2018) Suboptimality in perceptual decision making. Behavioral and Brain Sciences, 41, e223: 1–66. 
42. Ross-Hellauer T. (2017) What is open peer review? A systematic review. F1000Research 2017, 6:588 Last updated: 10 OCT 2017
43. Sharot, T., Velasquez, C. M., & Dolan, R. J. (2011). UKPMC Funders Group Do decisions shape preference ? Evidence from blind choice. October, 21, 1231–1235.

44. Sowards S. W. (2015) What is peer review and does it have a future? BIBLIOTHEK – Forschung und Praxis 2015; 39(2): 200–205.
45. Stephens, D. W., & Krebs, J. (1987) Foraging theory. Princeton University Press.
46. Stevens, J. R. (2008). The Evolutionary Biology of Decision Making. Faculty Publications, Department of Psychology.  http://digitalcommons.unl.edu/psychfacpub/523. 

47. Tancock, C. (2018). When reviewing goes wrong. The ugly side of peer review. Elsevier.

48. Tenhumberg, B., Siekmann, G., & Keller, M. A. (2006). Optimal time allocation in parasitic wasps searching for hosts and food. Oikos, 113(1), 121–131.

49. Thakar, J. D., Kunte, K., Chauhan, A. K., Watve, A. V., & Watve, M. G. (2003). Nectarless flowers: Ecological correlates and evolutionary stability. Oecologia, 136(4), 565–570.

50. Tomkins, A., Zhang, M., & Heavlin, W. D. (2017). Reviewer bias in single- versus double-blind peer review. Proceedings of the National Academy of Sciences, 114(48), 12708–12713.

51. Watve, M. (2017). Social behavioural epistemology and scientific publishing, Journal of Genetics, 96(3), 525-533.

52. Watve, M., & Ojas, S. V. (2019). Difference, Division & Desi: How people’s innate intuitive economics decides the outcome of an operation. Economic and Political Weekly, in press.
53. Watve, M., Bayani, A., Ghosh, S. (2016). Crop damage by wild herbivores: Insights obtained from optimization models. Current Science, 111, 861-867.

54. Watve, M., Parab, S., Jogdand, P., & Keni, S. (2006). Aging may be a conditional strategic choice and not an inevitable outcome for bacteria. Proceedings of the National Academy of Sciences, 103(40), 14831–14835. 
