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Abstract The peer-review process remains a central part of the value and validity of scientiﬁc and technical publishing and proposal assessment. The peer review mechanism has many delicate components that should function most professionally and effectively for best results. An important central tenet is that all who seek to publish should freely avail themselves to review a commensurate load, considering many elements of professional conduct, ethics and responsibility in this process. The review itself should provide timely, unbiased, quality feedback to improve contributions to the system reviewers are serving. An additional component involves follow-on policing of published literature to assert its validity through consensus and validation. This short essay examines our collective duties as contributors, reviewers, and readers to the integrity and safekeeping of this essential quality control process. r 2007 Elsevier Ltd. All rights reserved. Keywords: Peer review; Scientiﬁc publishing; Professional conduct; Quality control; Responsibility



Arguably, technical publishing lies at the heart of any science, medical or engineering ﬁeld. Effective communication and results dissemination remain the most important tasks of any scientist, engineer or medical practitioner. Manuscripts and proposal submissions comprise the primary body of such communication, moving ﬁelds forward through dissemination of their progressive teachings and data-driven insights and claims to progress. Publishing thrives on this essential requirement. Through written, published communication, the contributor(s) $ Note: Leading Opinions: This paper provides evidence-based scientiﬁc opinions on topical and important issues in biomaterials science. They have some features of an invited editorial but are based on scientiﬁc facts, and some features of a review paper, without attempting to be comprehensive. These papers have been reviewed for factual, scientiﬁc content. Corresponding author at: Department of Pharmaceutics and Pharmaceutical Chemistry, College of Pharmacy, Room 301, 30 South 2000 East, University of Utah, Salt Lake City, UT 84112-5820, USA. Tel.: +1 801 581 4532; fax: +1 801 581 3674. E-mail address: [email protected]
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seek(s) to ‘‘sell’’ their ideas and data to ‘‘customer’’ (the journal’s readership), inspected and certiﬁed by professional publishing protocols and process. Over 1000 new papers appear daily in the scientiﬁc and medical literature alone, and this is increasing steadily. Certainly, the quality control mechanism by which such technical communication is validated, edited, improved and purged of bias, inaccuracies, or unsupported claims by the ‘‘seller’’ to the ‘‘customer’’ is important. Alas, caveat emptor! Quality assurance must be enacted on each such scientiﬁc transaction, a quality control process that is the collective professional responsibility of peer review [1,2]. Also called ‘‘refereeing,’’ the peer review process subjects scholarly products and proposals to the scrutiny and critique of peer experts in the ﬁeld. Journal editors routinely use the process to facilitate selection and screening of newly submitted manuscripts for publication; funding agencies use it to prioritize grants for award. The process helps to enforce and maintain certain standards of the discipline, and of science in general, on the contributors. However, the process relies on availability and willingness of enlisted,
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qualiﬁed and responsible reviewers. Those who contribute to the literature should also police the literature to ensure quality, relevance and impact. To most effectively serve technical and scientiﬁc dissemination and informational needs, prevention of propagation of low-quality scientiﬁc literature is a ﬁrst-pass measure, eliminating this technical ‘‘noise’’ from the intellectual radar screen and database. Additionally, insisting on data reliability, reproducibility, and communication clarity and accuracy is critical to publishing integrity. In the current era of seemingly limitless new publication venues, new journal launches and expanding cyberspace publishing, few scientists have sufﬁcient time to canvass all content thoroughly to sieve the useful from the useless. Comprehensive database surveillance has simply become all-consuming, burdensome and problematic, especially for those in cross-disciplinary ﬁelds like biomedical engineering. Rapid and reliable identiﬁcation (sieving) of the most important data and relevant information in our respective ﬁelds relies on credible scientiﬁc quality as a discerning criterion. Our most efﬁcient time and effort as scientists, engineers and medical technologists spent searching the vast literature bases to selectively locate work of the highest relevance and quality to our speciﬁc interests requires vigilance to the peer-review process. Journal publication quality is the collective responsibility of both those who read and those who compose it as contributors. Signiﬁcantly, this is the same group from whom peer-review experts are drawn and where the standards for scientiﬁc quality and acceptance are established. Journal impact factor, appeal to the ﬁeld and assessed technical quality are direct functions of published content, topical relevance, readership, exposure, circulation and the resulting inﬂuence on citation and subscription rates. However, responsibility for technical journal quality is often assumed to reside primarily at the editorial level, where the ultimate decision to publish or reject emanates [2,3]. This dangerous presumption ignores (1) the relatively limited expertise of most editors, (2) resulting inability to adequately judge quality and excellence without quality input from skilled reviewers and (3) the bias inherent within any system that relies on limited pooling of expertise to make decisions. With the tremendous expansion in topical breadth, interdisciplinary research and increasing technical methods’ sophistication and information content, no editor should be held hostage by the limited knowledge and relative ignorance of a single mind in this complex scientiﬁc system. Enter: the importance of collective assessment of our primary technical literature using credible peer review. It is well within our prudent personal and professional interests (as well as time and efﬁciency of our literature surveillance) to ensure the best possible quality in technical publication of research and innovation. A critical determinant of any successful journal or technical communication in general is the sound, reliable capability to readily access a talented, adept, accomplished and reliable reviewer pool.



This is particularly necessary in interdisciplinary science and technology where individual expertise required for competent evaluation across diverse ﬁelds is limited. Additionally, a full understanding of the impact of proper peer-review protocols, and the components of quality reviews within this reviewer pool must also be established and enforced by the editors, and fully appreciated by reviewers. I know of no formal process beyond the classical ‘‘journal club’’ offerings at most institutions that didactically addresses the role of the reviewer/editor/contributor relationship and rigorously trains doctoral and postdoctoral trainees in methods and mechanics of peer review. It is simply a rite of passage where many of us are called and initially must act instinctively, often without much experience or formal training, to produce a good review (or not) of manuscripts and proposals. But quality peer review of a given technical communication or research grant is not simple, easy or quickly performed. It is a tedious, tenuous and difﬁcult task. Signiﬁcantly, cursory or poor quality reviews are a tremendous disservice to the community, with profound consequences to science beyond the article in question. Those who read or submit work to journals from the global body of scientists and engineers in universities, government labs, research foundations, or industry must continually re-evaluate their sense of commitment to professional technical reviewing obligations that directly affect journal and technical communication quality. Merits or shortcomings of the peer-review process aside, this quality control process, for better or for worse, represents the status quo within which we currently work as practicing scientists, and, importantly, upon which we rely for continuous dissemination of high quality and reliable information that allows us to move our ﬁelds forward. All qualiﬁed scientists and engineers, as contributors, pedagogues or benefactors, have speciﬁc obligations to the peer-reviewing system to make it work. Reasonable professional rules of conduct are rarely explicitly described to recruited or enlisted reviewers to ensure quality journal reporting. Nonetheless, the Council of Science Publishing has produced an excellent white paper on proper roles and responsibilities in the peerreview process [4]. Other professional reviewer training and responsibility recommendations are also available [5,6]. These duties extend equally to three publishing constituencies for coordinated review management: the manuscript contributors, the journal editor and the scientiﬁc readership. Additionally, the International Congress on Biomedical Peer Review and Scientiﬁc Publication has promoted on-going discussions on merits and problems of the scientiﬁc peer review system, published in Journal of the American Medical Association in various forms for over a decade [7]. Given the magnitude of the technical literary base now expanding electronically and on paper, anyone not contributing to quality control creates extra burden for others to compensate. I assert that professional duty obligates all who are research active, who read the scientiﬁc literature, or who
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submit manuscripts or proposals for peer review, to fulﬁll, both responsibly and expediently, their share of fair, prompt review of this literature. The value of pooled individual reviewing contributions might be perceived analogously to the value of the individual vote in a democracy: rights of inﬂuence and choice are asserted through the process, and the collective compilation of reviews provides a consensus that determines the fate and direction of the resulting scientiﬁc literature and funded research portfolio. If the peer-review system were perfect, the discussion of problems, alternatives and improvements would not be as active as it is today [2,7–10]. Nonetheless, despite inherent ﬂaws, defects and perceived weaknesses, it remains the best system thus far conceived and implemented at global scale. No journal editor or granting agency has the problem of accessing too many reliable and qualiﬁed reviewers. In assessing personal contributions to facilitating expediency, credibility and equitability to the scientiﬁc review process, I request that all involved seriously consider these guidelines, similar in some respects to those proposed recently [4]: 1. Every manuscript submission requires the volunteer efforts of at least three ‘‘peer experts’’ for the publication process: the journal-assigned handling editor and at least two anonymous reviewers. Hence, as a quid pro quo, for each manuscript submitted, the author/contributor should review three other manuscripts in return to compensate for the burden that the author places on the publishing system. I have too often been surprised to hear the arrogant claim that obligation or duty to peer review does not befall those excessively productive authors who, because of their proliﬁc writings and perceived contributions, are too busy submitting papers to have the time to review any others. Such authors apparently believe that their ‘professional service’ obligations are fulﬁlled through their publishing, not refereeing. How this exempts one from commensurate peer-reviewing duties escapes me; how any contributor of manuscripts or proposals remains beyond the responsibility of the peer-review process is mystifying. Contributions to the literature should be commensurate with peer reviews of submitted literature based on this ‘‘one begets three’’ rule. 2. Similar to point #1 above, research proposal submission encumbers the same scale of in-kind review duty. In many instances, however, reviewing duty for proposals should be even more compelling since panel reviews and study sections involve more reviewer time and numbers of reviewers than single mail-out reviews. When a proposal review statement is returned to the author/ proposer, the number of reviewers involved in the review often can be discerned from the information provided. Hence, the encumbered reviewing burden is also then known and can be expected in return by the author, regardless of the funding success, as professional compensation to the system.
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3. Given a review request, prompt communication of both the intent to produce a quality review as well as the completed review itself to the editor’s ofﬁce is important. Punctual, reliable communication and reviewing are not only courteous, but relieve the editor’s ofﬁce of signiﬁcant extra work tracking all pending reviews. A simple one-liner email acknowledgement of receipt, acceptance and expected return date, with the manuscript’s identiﬁcation number in the ‘‘Subject’’ heading assures the editor’s assistant that reviewers are on track with the assigned review. Then, reviewers should make every attempt to get the review back by the assigned deadline. When this becomes impossible, they should then communicate an expected submission timeline to the editor’s ofﬁce once again. 4. Actively nurture and expand the number of capable, responsible reviewers by training graduate students and colleagues in the expectations, standards, protocols and rules of fair review. Journal clubs and graduate seminars often focus on scientiﬁc review and critique of the literature. However, few of these experiences actually practice or formally train students or colleagues to go through the mechanical exercise of drafting a realistic, credible journal-type or NIH proposal-type critique or review. Those who submit proposals and papers generally get these reviews back. Qualities and content that distinguish a good, competent review from a bad one are usually instantly apparent to most of us. Nevertheless, many of us are not actually taught the elements of style, content or technical signiﬁcance that comprise formulation of a good review, nor the elements of what constitutes a fair, objective, unbiased scientiﬁc critique. The ‘‘rite of passage’’ in becoming a ‘‘good reviewer’’ should not be left to chance or personal self-taught experience. Professional societies and academic programs can facilitate professional training in this area, as well as instill the sense of both duty and necessity, in order to ensure an adequate supply of qualiﬁed, capable and reliable scientiﬁc reviewers receptive to this need. In principle, the reviewing pool should be as large as the author pool. Yet this is clearly not the case. 5. Both public and private sector scientists, engineers and medical researchers are all obligated to review. All beneﬁt from reading and use of the scientiﬁc literature. However, industrial scientists are often overlooked in the peer-review process for not having a sufﬁciently vested interest in the outcome, or having a conﬂict of interest in reviewing or not actually contributing a signiﬁcant fraction of manuscripts. The prudent editor or program manager should be able to utilize both public and private sector scientists alike. In principle, conﬁdentiality supposedly extends throughout the reviewing process. A skillful editor will be mindful of competitors and attempt to minimize conﬂict or possible breaches of conﬁdentiality through judicious choices of reviewers. Therefore, a broad pool of scientists and engineers from all walks
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of professional life should make themselves available to reviewing duties. 6. When a speciﬁc reviewing request cannot be accommodated due to conﬂict, other commitments or perhaps poor alignment of expertise, carefully considered recommendations of other qualiﬁed reviewers to the editor or program ofﬁcer are very useful. Listing of the names and full email contact information for three alternative reviewers can save an editor substantial time and effort, and target review to a qualiﬁed, select pool. Time-to-publication has become an important measuring stick by which the selection and quality of a journal for one’s publication submission is, among other factors, often based. Beyond contributor perceptions, it also affects impact factors and other quality assessments for journals. These ‘‘rules of engagement’’ produce an efﬁcient, effective system, where time-to-publication can be reduced by streamlining the review process through quality performance and responsible communication with the editors. Professional reviewing responsibilities can also be abused for selﬁsh or unethical reasons that produce other difﬁculties that compromise the integrity of the system. Reviewer anonymity imparted by the current ‘‘partially closed’’ (i.e., author known/reviewer anonymous) system has been shown to have its issues in this regard [11–13]. Common reviewer improprieties and misconduct listed by the Center for Science Publishing white paper [4] include:



       



Deliberate misrepresentation of facts in a review Delaying the review process unreasonably for personal strategic gain. Exploiting conﬁdential information to achieve personal or professional gain Unfairly criticizing a competitor’s work Breaching the conﬁdentiality of the review Proposing changes that appear to support the reviewer’s own work or hypotheses Appropriating ideas or text from a manuscript under review Including personal or ad hominem criticism of the author(s) Failing to disclose a conﬂict of interest that would have excluded the reviewer from the process.



Extensively documented examples of many types of reviewer unprofessional conduct can be found on line through the Committee on Publication Ethics (COPE) [14]. I respectfully urge each of us to (1) assess our own professional reviewing records and (2) make the necessary service adjustments to accommodate the burden that our own respective proposal or publication productivity places on the peer-reviewing system. When hearing the inevitable, boisterous claim in a plenary introduction at a meeting that ‘‘Professor X has over 300 research papers published,’’ I respond silently with my own skepticism that Professor X has also provided quality reviews for the 900 other research papers necessary to compensate his/her own imposed peer-



reviewing burden! Perhaps this lack of accountability is partly due to inﬂated recognition and praise earned from technical communities for such outstanding scientiﬁc productivity and dissemination, and equal lack of any recognition for commensurate amounts of reviewing service required to review, certify, produce and endorse this productivity in publication form. The reliability and quality of published technical research relies continually on closely linked and coordinated research and development creativity, effective reporting, and credible reviewing and editorial duties. The impact of technical communication and science and engineering progress and innovation are intrinsically coupled through the peer-review process. Poor peer review diminishes the average published manuscript quality, but also inadvertently allows approaches and results to be published that are either inadequately documented, simply wrong or unworthy of further pursuit. These become costly red herrings to the research and development community, costing money, time and wasted efforts to duplicate. Publishing is never free to any of the participants. The true cost of ‘‘producing’’ a paper is readily calculated by dividing your laboratory’s annual budget by the number of papers published yearly. In most cases, this cost per manuscript is quite high, representing an important accountability factor to our funding sources, often fellow taxpayers who subsidize public research sources. Lastly, journals are increasingly faced with page limitations from publishers, where even reasonable quality (but not the best) papers might not make the publication quota, despite scientiﬁc credibility and solid foundation. This ‘‘survival of the ﬁttest’’ mode uses shear numbers and ﬁerce publication competition to cull out weaker papers. With a 50% rejection rate, only the most interesting papers may eventually be published, even if all are scientiﬁcally valid: quality, deﬁned in arbitrary ways, will prevail at the expense of quantity. Such curtailing of publishable data using a prioritization scheme to select only the highest quality or most-appealing data is a risky undertaking mandated by the simple economics of the publication process. But, in an effective peer review process, such culling could drastically reduce the time and effort required to continually ﬁnd the important, relevant results for each of us in our ﬁeld by limiting the amount of lower quality information ﬂooding the literature. One alternative currently advocated is to use on-line publications with wider, direct world-wide accessibility to increase technical literature volume and exposure. Many innovative, alternative forms of electronic publishing and ‘‘open’’ alternative forms peer reviewing are now possible with world-wide, instant on-line access. Some of these are currently in trials or active discussion [8,15]. However, it does not require much thought to ponder problems of poor quality peer review (or complete lack of any credible review or editorial processes as is occurring in some on-line venues) in wasting signiﬁcant time and effort in searching, reading and pursuing research of uncertain quality or that lacks any publication standards.
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Clearly, the best, most efﬁcient method to ensure science and engineering publishing credibility and technical progress is by advocating consistent peer-reviewing standards across all aspects of our reporting procedures. The technical community would best openly endorse the collective professional responsibility to actively participate in this system to make it work effectively. Acknowledgment The journal, Biomaterials, has achieved an unprecedented level of international respectability as the ﬂagship journal in the ﬁeld under the careful editorship of David Williams. First as a contributor, then as an editorial board member and most recently as Associate Editor under David, I have beneﬁted enormously from his opinions on scientiﬁc publishing mechanisms to produce excellence and leadership, and insistence on a strong peer review process. It is due to his inspiration and dedication that the journal stands where it does today. References [1] Hames I. Peer review and manuscript management in scientiﬁc journals: guidelines for good practice. Malden, MA, USA: Blackwell Press; 2007.
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