
IE
EE

Pr
oo

f

INV ITED
P A P E R

1 Peer Review Anew:
2 Three Principles and a
3 Case Study in Postpublication
4 Quality Assurance
5 Users of online open access to educational materials can benefit from

6 multiple reviews that identify the sources of the reviews as well as the intended uses

7 and audiences for the materials.

8 By Christopher M. Kelty, C. Sidney Burrus, Fellow IEEE, and

9 Richard G. Baraniuk, Fellow IEEE

10 ABSTRACT | Over the last 15 years, the Internet has enabled

11 new modes of authorship, new forms of open licensing and

12 distribution, and new forms of collaboration and peer produc-

13 tion to flourish. But in turn, new anxieties have arisen,

14 especially concerning quality assurance, peer review, reuse,

15 and modification. New innovations are appearing in peer

16 review, endorsement, the measurement of trust, and the

17 understanding of reputation, but without any systematic

18 analysis of the general principles of quality assurance and

19 peer review in this new era. In this paper, we propose a general

20 set of principles for understanding what peer review was in the

21 past and how it should be applied today to different kinds of

22 content and in new platforms for managing quality. The

23 principles stress an analysis not only on the content in

24 materials but also on their context of use. Our focus is on

25 open educational resources, and we present a case study of the

26 open education project Connexions’ lens system for quality

27 assurance and review. However, the principles can be applied

28 across multiple levels of knowledge production, including

29 scholarship in engineering and science and reference materials

30 in addition to educational publishing.

31KEYWORDS | Connexions; lens; open access; open educational

32resources (OERs); peer review; publication; quality assurance

33I . INTRODUCTION

34The last 15 years have seen major shifts in the nature of

35knowledge production and circulation. New modes of

36authorship, new forms of open licensing and distribution,

37and new forms of collaboration and peer production have all

38flourished. New online education projects, scientific
39journals, and reference works have gained critical mass.

40But in turn, new anxieties have arisen, especially concerning

41quality assurance, peer review, reuse, and modification.

42Twentieth-century peer review in engineering and

43science, as conducted by professional and learned societies

44along with commercial publishers, was designed to ensure

45that all published materials had met a certain standard of

46quality. It relies on voluntary labor, for the most part, and
47is by no means uniformly reliable as a measure of quality. It

48was nonetheless a significant improvement on the class-

49and status-based verification systems of earlier centuries.

50In the twenty–first century, however, new challenges

51have presented themselves: the volume of materials

52demanding peer review today is enormous and growing

53daily, and the existing peer review system cannot scale to

54accommodate it. The results are long publication delays,
55difficulty in finding qualified reviewers, increased costs of

56publication, and the unavailability of content while it is

57under review.
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58 To make matters even more complex, there is no longer
59 any capital barrier to publication: the Internet and new

60 tools for publication have enabled not only academics but

61 also anyone with access to the Internet to publish material.

62 Authors and consumers of all kinds of materials have also

63 begun to call for peer review, increasing the demand for

64 the time and energy of relevant experts.

65 The availability of information resources such as open

66 access scientific publications [1]–[5] and Wikipedia1 is of
67 undeniable and extraordinary value, but the difficulty in

68 evaluating the quality or correctness of this information has

69 simply moved the bottleneck, not eliminated it, from

70 publication to review and assessment. The problem is

71 particularly challenging in the area of open educational
72 resources (OERs), where open education projects make course

73 and textbook materials freely available on the Internet. The

74 scope of the OER world is so vast (basically all education from
75 K–20 and beyond) and the number of potential contributors

76 so large that the impossibility of traditional peer review is

77 already evident. As an example, in the Connexions open

78 access repository2 [6], content from a potentially endless

79 number of disciplines can be updated by the original author or

80 remixed in a new context by another continuously on a time-

81 scale of minutes or hours; such rapid change seems to put

82 impossible demands on conventional peer review.
83 New innovations are appearing in peer review, endorse-

84 ment, the measurement of trust, and the understanding of

85 reputation, but without any systematic analysis of the

86 general principles of quality assurance and peer review.

87 What is needed is a general set of principles for understand-

88 ing what peer review is and has been, and how it should be

89 applied to different kinds of content and new platforms for

90 managing quality. Our audience includes anyone involved in
91 the design or improvement of such systems. We propose

92 here a set of principles that can guide the design of systems

93 for peer review in the age of open access, Internet

94 publishing, and Web 2.0 [7]. We suggest a multidimensional

95 set of criteria for postpublication evaluation of resources,

96 rather than a single Byes-no[ gate typical of the prepubli-

97 cation model. These principles stress an analysis not only on

98 the content in materials but also on their context of use.
99 Our observations are based on both research into the

100 changing dynamics of publication and collaboration [8]

101 and our explorations and observations of postpublication

102 peer review, in the context of our creation of Blenses[ in

103 the Connexions OER platform. While our principles are

104 intended to make sense across all forms of knowledge

105 production, our focus on educational resources has the

106 advantage of both addressing a very pressing need and
107 being a radical departure from the model of publication in

108 engineering and science (including open access), since it

109 enables and encourages the enthusiastic remixing and

110 reuse of materials and ideas.

111This paper is organized as follows. After a review of the
112OER movement in Section II, we discuss the challenges of

113peer review in the current milieu in Section III. We present

114and discuss the peer review principles in Section IV and

115apply them to the case of Connexions in Section V. We

116conclude with a discussion in Section VI.

117II . THE RISE OF OPEN
118EDUCATIONAL RESOURCES

119Educators across a wide spectrum of disciplines share a

120common set of values: that knowledge should be free and

121open to use and reuse; that collaboration across distances

122and across disciplines should be easier, not harder; that

123people should receive credit, accolades, and financial

124remuneration (if relevant) for contributing to education

125and research; and that concepts and ideas are linked in
126unusual and surprising ways and not just in the simple

127linear forms that textbooks and classroom lectures present

128[6]. Over the last decade, aided by technological advances,

129these values have crystallized into the growing and often

130grassroots-driven open education movement, which has the

131potential to fundamentally change the way authors,

132instructors, and students produce, share, and use educa-

133tional materials worldwide (e.g., [9]–[11]; see [12] for an
134excellent overview).

135Like the open access movement [1]–[5], Bpeer

136production[ [13] (e.g., Wikipedia), and Web 2.0 [7], the

137open education movement is driven by the rise of the

138Internet and the transformed environment of knowledge

139production, not only in academia but also in corporate and

140popular domains. Inspired by developments in open source

141software such as the Linux operating system, the Apache
142Web server, and the Mozilla/Firefox Web browser [14],

143[15], the open education movement seeks to provide free

144access to high-quality educational materials with the legal

145right to reuse, modify, update, and redistribute those

146resources appropriate to local contexts. The key enablers

147are open licenses that make the materials legal to use and

148remix3 [16] and Web infrastructure that makes the

149materials globally available for virtually no cost.
150Over the last few years, many educational institutions

151have implemented open education programs that make

152available repositories of teaching and learning materials.

153These can include text (course notes, curricula, and

154textbooks), images, audio, video, interactive simulations,

155problems and answers, and games [12]. The communica-

156tion capabilities and connectivity of the Internet further

157enhance the value of these resources by allowing producers
158and users to collaborate, share materials with each

159another, and enhance their knowledge and understanding

160of the materials through these social interactions.

161All open education programs are based on the

162principle of freely sharing learning resources. However,
1http://www.wikipedia.org.
2http://www.cnx.org. 3http://www.creativecommons.org.
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163 the structureVwho produces the resources, what type of
164 resources are shared, and how free and open they areV
165 varies by program. Some programs, like MIT OpenCourse-

166 Ware,4 are top-down-organized institutional repositories

167 that provide open access to courses developed solely by that

168 institution’s faculty and instructors. Others, like the

169 Stanford Encyclopedia of Philosophy,5 provide open access

170 to content contributed by faculty from many universities but

171 restricted to a single discipline. Wolfram Mathworld, a
172 highly accessed online mathematics resource, has been

173 assembled and nurtured by single committed individual

174 (E. Weisstein).6 Wikipedia and its offshoots Wikibooks,

175 Wikieducator, and Wikiversity provide content developed

176 by self-selected communities on a more-or-less anonymous

177 basis.7 Finally, Connexions provides content developed and

178 remixed by a global community of educators from all levels

179 (K–12 to graduate school) and all manners of institutions.
180 Regardless of their structure, open education programs

181 as a whole have the potential to change the traditional

182 educational content creation and delivery models signif-

183 icantly in a number of ways. First, they accelerate the

184 blurring of formal and informal learning processes by

185 melding entertainment and collaboration (games, online

186 chat, etc.) with learning [17]. Anyone can go to one of

187 these sites and learn about any subject that interests them
188 at any time. With the knowledge and confidence acquired

189 from the learning, they can then contribute to, recontex-

190 tualize, or expand the base of existing knowledge.

191 Secondly, at a time when the effective use of

192 knowledge is viewed as the key to economic success

193 [12], some open education programs empower many

194 groups that have been Bshut out[ of traditional publishing

195 domains. These underserved groups include talented K–12
196 teachers and community college instructors, scientists and

197 engineers that work in corporations, and the world

198 majority who do not speak and write English.

199 Thirdly, open education programs can promote specific

200 educational opportunities that are currently at the margin

201 of emphases for mainstream educational institutions, such

202 as lifelong and continuing education for individuals, the

203 delivery of high-quality technical education (e.g., mathe-
204 matics, engineering) in the languages of developing

205 countries, on-the-job and refresher training for technology

206 workers, and the collaborative creation of new intellectual

207 content within a discipline or across disciplines [18].

208 III . QUALITY ASSURANCE IN A
209 DIGITAL WORLD

210 A. The Problem
211 While they represent tremendous opportunities, open

212 education programs also face novel challenges and new

213anxieties. Perhaps the most obvious is the quality
214assurance of the open materials. How can materials

215produced in a grassroots fashion, by people with varying

216skill levels and degrees, for widely varied reasons, be

217adequately vetted for quality? The anxieties frequently

218aired about projects such as Wikipedia or other remixable

219and open-authorship projects suggest that they are

220threatened by the proliferation of massive amounts of

221low-quality dreck that will swamp the information
222environment and prove impossible to navigate.

223Such an anxiety is based on an unexplored assumption:

224that the scholarly publishing infrastructure of the twen-

225tieth century produced high-quality material and that the

226system of peer review employed therein remains the best

227system for ensuring quality, if only we can find enough

228credentialed reviewers. This assumption may or may not

229be trueVbut it is clouded by a lack of understanding of
230how peer review used to work.

231The twentieth-century publishing industry (including

232scholarly societies) integrated reviewing into the process of

233publishing. The reputation of a press, a journal, or a scholarly

234society became a proxy for the internal process of selecting

235reputable reviewers to review specific content for specific

236purposes. BQuality[Vas a process, rather than an inherent

237feature of workVhas therefore been hidden from view,
238concealed inside a well-developed publication infrastructure.

239This hidden process was not necessarily a bad one; it

240was a solution to the problem of quality appropriate to the

241means of publication prior to the Internet, and one that

242took centuries to develop [19]. Today, however, it is

243necessary to explore the assumptions that we hold about

244how review is related to quality in order to make visible

245how the process of credentialing, reviewing, and claiming
246authority can be made appropriate to the new means of

247publication that have emerged. Similarly, we should resist

248the temptation to throw the entire structure overboard in

249favor of exclusively automatic ranking systems; aggregated

250data about clicks, links, and page-views; or too much

251reliance on the Bwisdom of crowds[ in lieu of a careful

252rethinking of how peer review can be renewed and

253supplemented by such tools. We need to match novel
254modes of authorship, reuse, licensing, and distribution of

255materials with equally novel modes of reviewing, asses-

256sing, and sharing evaluations.

257B. Three Pressures
258There are three kinds of pressures that are most clearly

259facing the existing peer review system.

2601) Publication has changed from a hierarchical,
261capital-intensive, corporate process to cheap and

262easy distribution of new forms of digital objects.

2632) The volume of material available has increased

264dramatically over the last decade.

2653) There is an increasing demand for review of a

266greater scope of material, not only academic

267scholarship.

4http://www.mit.edu/ocw.
5http://www.plato.stanford.edu.
6http://www.mathworld.wolfram.com.
7http://www.wikimediafoundation.org.
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268 These three issues have pushed the twentieth-century model
269 of peer reviewVdesigned for a smaller scale, industrial-era

270 commercial publication system in academiaVto its breaking

271 point.

272 1) New Forms of Digital Objects: Twenty-five years ago,

273 print publication was the only way to get one’s education and

274 research results out to the globally distributed community of

275 researchers, and it took limited but well-established forms:
276 textbooks, monographs, journal articles, and reference

277 materials. Today one can publish something with the mere

278 push of a buttonV1-click publishingVin an increasing

279 variety of formats ranging from articles to blog entries to

280 video lectures to book-length manuscripts. Publication has

281 been transformed from a focused, capital- and labor-

282 intensive process to an individualized and notional one.

283 As individuals and institutions have experimented
284 within this new publication landscape, two issues have

285 become clear: a) simply placing something on the Internet

286 is not the same as Bpublishing[ it and b) the new objects we

287 place on the Internet can be updated, transformed, and

288 reused far more easily, and increasingly legally, than

289 conventional published sources. PublishingVonce an

290 integrated activityVhas begun to disintegrate into its

291 component functions: acquisition, review, editorial analy-
292 sis, design, copy-editing and typesetting, creation of printed

293 texts, marketing, distribution, and so forth. Naturally, it has

294 become more and more evident that what makes a work

295 high quality involves more than simply making it available.

296 Making a digital object widely available, easy to edit, and

297 easy to reuse legally (without explicitly asking permission)

298 also means that it can be constantly changed. This is both a

299 challenge and an opportunity: it renders the idea of Bonce
300 and for all[ review problematic but also enables objects to

301 undergo novel forms of Bpostpublication[ review and

302 improvement. The debates around the quality of open

303 access scholarly journals and the ArXiv preprint server8

304 make this distinction clear: different kinds of value are

305 attached to preprints and to peer-reviewed materials, even if

306 they are equally openly available. The former is valuable

307 primarily for communicating results and staking ownership
308 over certain parts of a research field; the latter validates

309 some results as more reliable and trustworthy than others.

310 Increasingly, preprint experiments (like Nature Precedings9)

311 occupy a space something like the minor leagues in

312 baseballVa place to make work available and hope that it

313 gets noticed enough to be Bpublished[ in a more prestigious

314 journal, even though its availability (or even content in

315 many cases) will not have changed.

316 2) Volume: The exponentially growing amount of new

317 scholarly research combined with the demand that it be

318 reviewed by working researchers places ever increasing

319 stress on the current peer review system. One response to

320the growing amount of research has been to expand the
321number of journals, including both commercial and open

322access journals. Every new journal, however, demands

323more uncompensated labor from academics, which in turn

324creates incentives for shallower forms of review. In

325addition, as the number of specialized journals increases,

326the prestige and legitimacy of the top journals also

327increases, and the competition for those slots becomes

328ever more fierce, and ever more valuable.
329Traditional publishers reject much out of handVthe

330volume of potential candidates for publication has always

331been orders of magnitude larger than the amount the review

332and publication system could handle. With the advent of

3331-click publishing, however, cart and horse have been

334reversed: we face now a situation of needing new ways to

335reject after the fact, or, to put it differently, new ways to

336make the high-quality material stand out above the rest,
337without simply placing yet more strain on the limited time of

338people who are deemed the most reliable judges of quality.

3393) Scope: The growth in the volume of publication is

340accompanied by an expanding demand for review beyond the
341narrow domain of scholarly and scientific work. Educational

342materials, textbooks, reference materials, fiction, film, and

343music are all increasingly reviewed in some form prior to

344being officially published, and more often than not

345voluntarily reviewed by peers in the same field or domain.

346As the case of Wikipedia demonstrates, not all kinds of

347information are amenable to the same forms of peer review.

348The large scale of Wikipedia makes it difficult to handpick
349reviewers for a Wikipedia encyclopedia entry, but the scope

350of expertise necessary also outstrips the ability to identify

351and/or credential a set of appropriate reviewers. In addition,

352the constantly changing nature of Wikipedia entries renders

353a Bonce and for all review[ untenable and less valuable.

354Wikipedia has created a new kind of reference material as a

355result; but it has not yet created a new review process

356appropriate to this new kind of knowledge production.

357C. New Solutions?
358The pressures created by new digital objects and the

359increasing volume and scope of the new publication

360landscape have not gone unrecognized, nor are they

361restricted to educational and scholarly content. Various
362technical innovations in dealing with review and quality

363management have emerged in the last ten years, especially in

364places where large-scale user-generated content has created

365a need for new modes, metrics, and markers of trust,

366moderation, endorsement, and aggregation of data. In the

367last five years, there has been tremendous enthusiasm for

368solutions based on large-scale user-generated data. Web 2.0

369and the Bwisdom of crowds[ [7] are frequently lauded as one
370(if not the only) solution to the problem of quality. Google’s

371Bpage-rank[ system10 is emblematic of these data- and

372statistics-driven approaches to assessing quality.
8http://www.arxiv.org.
9http://www.precedings.nature.com. 10http://www.google.com/technology.
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373 Web sites such as Slashdot,11 Del.icio.us,12 and Digg13

374 have been among the first to innovate with respect to the

375 moderation, reputation, and approval systems that enable

376 users to sort and filter content, view evaluations, and

377 develop new markers of trust. Here the problem is not so

378 much quality as it is the need to remove or filter out the

379 massive amount of repetitive, low-quality material that

380 comes with the increasing number of participants as well

381 as the need to provide ways for users to control what they
382 see according to more meaningful metrics.

383 Similarly, Amazon14 and eBay15 have been a key inno-

384 vators with respect to suggestions, reviews, and techniques

385 for turning user-generated data into meaningful tools for

386 differentiation and evaluation. Amazon’s review system

387 commends itself as an example of how reviews can become

388 their own kind of object, associated with individuals, and

389 valuable in multiple ways (negative reviews often reveal
390 things positive reviews do not). eBay’s seller-ratings system

391 has evolved into a very powerful and economically

392 significant aspect of the online market. Both systems are

393 restricted to the respective Web sites, however, and the

394 reviews remain the property of Amazon and eBay, not of the

395 reviewers. For-profit Web 2.0 filters like Faculty of 100016

396 and Squidoo17 have also begun experiments in leveraging

397 widespread expertise of a similar sort.
398 All of these solutions are laudably democratic: they

399 allow anyone to become a reviewer, and they do not

400 distinguish between reviewers. Reviewers and sellers build

401 up reputation for an online identity, and those reputations

402 do not depend on offline credentials, education, or

403 experience. Such solutions are all-or-nothing: either one

404 joins the brave new world of Amazon reviewers and eBay

405 sellers with an initial rating of zero or one remains outside
406 the system altogether. But should we throw the baby (an

407 existing and legitimate system of peer review) out with the

408 bathwater (a pre-Internet publishing infrastructure)? Is

409 there really an opposition between the populist approach

410 of Web 2.0 and a supposedly elitist one in which old-school

411 experts review and validate materials by hand?

412 In the sequel, we will explore some fallacies associated

413 with current thinking about the nature of peer review and
414 propose some principles that might be used to guide future

415 innovation and design of systems away from such all-or-

416 nothing approaches and towards the challenge of renewing

417 peer review.

418 IV. NEW PRINCIPLES FOR REVIEW

419 The pressures described in the previous section have arisen

420 in the wake of changing means of publication: the Internet,

421new tools for authorship, collaboration and distribution,
422new legal possibilities, and renewed ethical and political

423commitments to openness and free exchange. The increas-

424ing volume and scope of these new means of publication

425demand a new approach to peer review as well. This section

426offers a set of fallacies to avoid and principles to follow; they

427are offered in the spirit of guiding discussions about the

428forms peer review should take in the future and not as

429absolute rules. They are derived from our experiences in
430understanding the proliferation of open access resources,

431open source software, and open educational resources

432generally [8], [10], [20].

433A key insight that governs all of these principles is that

434quality is not an intrinsic component of the content of a

435work but rather a feature of how that work is valuable to a

436specific community of users: its context of use. There is no

437Bone size fits all[ review system that will ensure quality
438across cutting-edge scientific research, cutting-edge crit-

439icism in the humanities, educational resources for high

440schools around the world, and reference materials like

441encyclopedias and almanacs.

442Context of use can mean several things. It can indicate

443where a resource is being used by readers, such as in a

444classroom, in a laboratory or journal club, or as part of an

445encyclopedia. It can also describe the stage of an article from
446the perspective of authors, such as draft, revised version, or

447updated version. It can also refer, today especially, to

448contexts of reuse such as a translation, a Bderivative work[
449for a different purpose, or a constantly updated resource like

450a Wikipedia article. The stress is on understanding the

451variety of contexts in which a resource exists and not only

452the end-user consumption of a resource. Depending on the

453context of use, some resources are good enough, while some
454are not; a review can make that difference explicit.

455For instance, an academic article describing a result in

456materials chemistry is not inherently valuable; it must be

457recognized by a community of chemists who agree that it

458represents a novel result and an advancement of the field.

459At some stages of its life, such an article would benefit

460from close analysis by peer chemists, who can suggest

461changes for specific purposes; at other stages it might
462benefit from review by educators, translators, or scientists

463who find the result useful in another field. The same might

464be said of many educational and reference works, each of

465which has a particular life-cycle or production and use,

466that is, a variety of potential contexts in which it is

467valuable.

468There is a tendency in information technology to treat

469all information resources alike because they can all be
470represented and distributed by computers, software, and

471networks. But, as Brown and Duguid make clear in The
472Social Life of Information [21], different kinds of informa-

473tion live different kinds of lives, and it is crucial that those

474differences be recognized in the design and implementa-

475tion of information systems. Peer review should be capable

476of reflecting those differences and of making meaningful

11http://www.slashdot.com.
12http://www.Del.icio.us.
13http://www.digg.com.
14http://www.amazon.com.
15http://www.eBay.com.
16http://www.facultyof1000.com.
17http://www.squiddo.com.
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477 distinctions amongst different types of resources and
478 different contexts of use: in a classroom in the United

479 States, in a journal article in Africa, or as part of an

480 encyclopedia entry on the Internet.

481 Wikipedia is perhaps the most instructive example.

482 Debates about Wikipedia often ignore its contexts of use. In

483 terms of authorship, the rules for what makes an

484 encyclopedia entry a good one are widely shared because

485 of the historical ubiquity of the encyclopedia as a resource.
486 Wikipedia’s success owes much to this wide recognition of

487 what makes for a good encyclopedia entry [22]. What at

488 first appears to be a free-for-all turns out to be governed

489 implicitly by a widely shared context of useVa shared sense

490 of what makes an encyclopedia entry valuable for readers.

491 These implicit rules have evolved fairly rapidly into explicit

492 rules governing the quality of the content (such as the

493 Bneutral point of view[ and Bno original research[ rules)
494 and into formal editorial hierarchies as well.

495 In terms of readers, the value of a Wikipedia article

496 comes from being an up-to-date reference work, not

497 necessarily an authoritative scholarly work or an effective

498 educational resource. Specifying context(s) of use makes it

499 possible to more precisely report on the quality of

500 something. Only by ignoring the context of use is it possible

501 to worry about the Bquality[ of Wikipedia in general.
502 The case of Amazon reviews also is instructive here:

503 they are opinions of a finished work, not reviews of a work

504 that might be changed. No Amazon reviewer’s comments

505 are taken as advice to authors, whereas peer reviewers are

506 sometimes expected to play this rôle. Here the key

507 difference in context concerns the openness of a text.

508 Authors of open educational resources that permit

509 modification benefit more from reviews that propose
510 changes or new directions; users of an open educational

511 resource benefit more from reviews that stress its

512 effectiveness in teaching; readers or students benefit

513 from reviews that report on ease of use and value to a

514 beginner. All of these reviews are valuable to different

515 people. What would a system look like that can encompass

516 and differentiate between all of them?

517 A. The Fallacy of Misplaced Novelty
518 How can one distinguish contexts of use from the

519 perspective of an information resource or the system that

520 manages it? The flattening effect of making all information

521 resources available on the Internet can be confusingVit

522 removes works from their contexts of use and creates a

523 sense that all works are the same kind of stuff. It erases

524 hard-won differences that are created by communities of
525 users.

526 There is a false sense of novelty here: that since

527 resources are available in a new medium, with new

528 technology, the uses and values associated with them will

529 also be new. This fallacy of misplaced novelty ignores the

530 social life of information and the many contexts of use that

531 have already developed around resources. In some cases,

532such a rejection can be liberating; Wikipedia appears to be
533a prime example. In others, however, it leads to the rein-

534vention of the wheel. Instead of relying on the practices,

535expertise, tacit knowledge, and explicit skill of a com-

536munity of practitioners of an art, it can lead to the need to

537recreate it, simply because the glare of a new technology

538blinds us to existing, valuable knowledge about a specific

539context of use.

540What is more, the appearance of a new technology, such
541as a new form of archive or a new authoring system, does not

542cause scholars or writers to give up standards and practices

543that have been learned through a long process of pedagogy,

544training, and experience. The story of the QWERTY

545keyboard is often invoked in this respect as a parable of

546Block-in[ [23]: the particular layout of the QWERTY

547keyboard is fixed in place because of the investment of

548learning and skill that large numbers of people have made in
549using it, even though an arguably more efficient system, the

550Dvorak layout, exists. However, people do make massive

551changes: very few people are using typewriters today instead

552of a word processor on a computerVeven though it still

553sports a QWERTY keyboard [24]. We cannot say that the

554former switch was too costly; only that the latter switch was

555more valuable to users.

556Even if peer review as it has existed since the beginning
557of the twentieth century in academic circles is not the right

558tool for the job, whatever replaces it has to build on

559existing strengths. The principle of maximum bootstrapping
560says that designers of new systems should build on and

561adapt existing communities of expertise, existing norms

562for quality, and existing mechanisms of review: adapt

563existing practices, bootstrap them, rather than return to

564first principles; turn first to the various contexts of use of
565information to determine what counts as quality, for

566whom, and how it is assessed and displayed. Instead of

567building the rating system to end all rating systems, study

568how scholars, educators, or authors of reference works

569currently review and improve things and then use these

570findings as a guide to build new review systems.

571As an example, consider the difference between

572scholarly articles and educational resources with respect
573to peer review. For most academics, peer review is a

574constant process. In the context of creation, review helps

575guide the writing of an article; responses can help

576anticipate critiques, locate blind spots, and, in the best

577cases, propose a better organization, a better experiment,

578or a better set of cases to look at. In the context of

579publication, review can help determine what counts as a

580novel result. Review helps condition scholarly works to be
581written and presented in particular styles appropriate to

582disciplines and journals. After publication, a review can

583attract or repel readers, or guide critics to a new approach.

584To apply the same rules that work for academic

585publications to educational materials or reference materi-

586als would do authors and readers a major disservice.

587Novelty is not, by definition, the marker of a successful
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588 reference work or educational resources. An educational
589 resource written in the same fashion as a scientific article

590 would most likely be a failure. And while a scholarly article

591 can be used in a classroom and an educational resource can

592 be used in a laboratory, different communities of people

593 are qualified to make suggestions about these different

594 contexts of use.

595 The principle of maximum bootstrapping of commu-

596 nities of review should guide how we design new peer
597 review systems. It should be possible to tell, from a review,

598 what its definition of quality is and for whom. Indeed, as

599 the other principles will demonstrate, it is essential to be

600 able to tell the difference, in order to allow users not only

601 to find the right content but also to find the right reviews of

602 content as well.

603 B. The Fallacy of Misplaced Finality
604 The fact that there are multiple contexts of use in

605 which to assess the quality of a piece of scholarly material

606 raises an interesting question, a paradox perhaps. As the

607 number of reviews of a resource grows, and if those

608 reviews are related each to a different context of use, then

609 does their utility not diminish as contexts become more

610 and more specific? Would we not prefer a more uniform

611 metric that allows us to pick the one resource everyone
612 agrees is best? Are we not faced with the new problem of

613 trusting the reviews instead of the problem of trusting the

614 resource? How do we judge and compare two resources if

615 their reviews all address different, perhaps nonoverlap-

616 ping, contexts of use?

617 The changing landscape of publication offers some-

618 thing that is both a challenge and a solution to this

619 paradox: versions. Consider the GNU Linux operating
620 system. Linux refers only to the kernel; there are dozens, if

621 not hundreds, of distributions that pad the kernel with

622 different tools for different environments, each with

623 different trade names, corporations, and associated

624 services. And yet all of them rely on the same core kernel

625 source from which they build each version. All of these

626 distributions differentiate themselves with respect to their

627 intended context of use; some are good for high-end
628 parallel clusters, others for microcode on an embedded

629 processor. Deciding on a distribution often means deciding

630 on a context first, and on quality second.

631 A similar case might be made for new forms of

632 scholarly, reference, and educational materials; why not

633 approach these resources as modifiable as well? The fallacy
634 of misplaced finality results from thinking of resources as

635 having a single, final form to which everyone must apply
636 different criteria of quality, rather than as a resource that

637 can be reused, reissued, or transformed. Uniquely

638 identified versions of a resource can be differentiated

639 more easily with respect to a context of use, not just a raw

640 metric of quality.

641 In a conventional publishing setting, most published

642 objects take a single final formVjournal articles do not

643change; textbooks change only a little from edition to
644edition. But in a setting where it is costless to legally copy,

645modify, and create a new version of a resource for a new

646purpose, such a resource has no single final form but a

647number of distinct versions, each with a distinct identity (a

648unique object ID and location). Combined with the legal

649licenses often applied to new digital objects, it can also be

650legally very simple to create multiple objects that appear

651similar but actually have different legal status (e.g., for
652commercial versus noncommercial use).

653All these versions can create an acute anxiety: what

654happens when versions change so rapidly or proliferate so

655quickly that there is no time to review everything? There

656may be no solution to this problem; it may be that the idea

657of every object and every idea’s receiving its due evaluation

658is a promise of the twentieth century that the twenty-first

659century cannot make good on. But it is also built on an
660assumption that there will eventually be one best way, one

661best result, one best teaching method, or one best

662encyclopedia entry. Such an assumption is not a safe one

663to make when finality is no longer a given, nor even

664necessarily a goal; the question of how peer review works

665and what it achieves is once again on the table.

666The fact that resources have versions, for better or for

667worse, suggests that peer review and evaluation should
668mirror that fact: our second principle, the principle of
669objectified evaluations, suggests that reviews should be

670treated as their own kind of object, disassociated from a

671single resource, specifying context of use and potentially

672applicable to multiple versions or to only one version. One

673of the most valuable aspects of peer review comes at the

674stage of improving a resource, and for this, reviews must be

675specific, referring to a specific version, a specific
676community of readers, authors, or educators, and offering

677specific paths towards success. The only way to accomplish

678this in an age of constantly modified content is to start

679thinking about the meaning and impact of versions.

680Evaluations are extremely valuable objects; they take

681work to construct and represent an investment of time that

682can be extremely useful in collectively and collaboratively

683vetting knowledge produced in society. As such, they
684should be treated as valuable objectsVlike high-quality

685metadata. They are neither part of the resource itself nor

686the private property of the reviewing agent. The impact of

687objectifying evaluations is that they might potentially be

688sorted according to context of use, evaluator, or evaluator’s

689institution, or aggregated in new ways, in a fashion similar

690to that pioneered in social bookmarking. If two reviewers

691review the same object, both reviews need not be relevant
692to a user of that object. It should be practically and
693technically possible to tell the difference between two

694reviews in order to make the reviews themselves into more

695computable objects.

696Objectifying evaluations would also create a trace, or

697history, of the development of an object. In traditional

698publishing, peer review was hidden within the process of
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699 publication precisely because it aimed at a final, unchanging
700 productVit was not necessary for the reviews to be visible

701 or to be debated after the fact. By contrast, seeing the

702 evolution of a resource todayVwhether the Linux kernel or

703 a scientific journal paper or a seventh-grade lesson

704 planVcan provide a rich understanding of its development,

705 why it takes the form it does, what has been tried and

706 suggested, and what has been rejected or left unsaid.

707 What is more, making the review process visible also
708 allows people to understand the necessity of a particular

709 context of use. In the context of a scholarly journal, for

710 instance, all of the reviewers are of putatively the same

711 kind: peer scientists who are conducting similar kinds of

712 research and are looking for results they can understand

713 and use. The context of use for which they review is

714 implicitly the lab or the theory, or the next article. The

715 context is important to the quality: it needs to be novel, it
716 needs to be replicable, and it needs to meet certain

717 standards. All of these are aspects of scientific practice that

718 are essential but informal, unstandardized, and resting

719 largely in the domain of pedagogy and mentorship. Making

720 the review process a more objectified and computable

721 process can reveal how it occurs and how it is related to the

722 life of an article or a lesson.

723 Objectifying evaluations does not mean quantifying
724 them: they still need to be flexible, written, and specific to

725 a resource. But making peer review more computable does

726 produce a hybrid object: something between the raw data-

727 driven power of influence of Google’s page-rank and

728 handwritten notes in the margin of a text; something in

729 between the informal phone conversation suggesting a

730 new direction and the wisdom of crowds. One need not

731 choose between these two directions but instead chart a
732 course that draws on both, to create a new form of peer

733 review in which evaluations are objectified, build on

734 existing experience and legitimacy, and persist alongside

735 resources themselves.18

736 C. The Fallacy of Misplaced Focus
737 All of this reviewing of versions, however, seems to

738 assume a nearly infinite pool of reviewers attuned to the
739 specifics of different contexts of use. However, the

740 quantity of available resources and the demand for

741 uncompensated review may not allow peer review to

742 scale. Depending on the size of the community of users,

743 different dynamics of scale may occur. The familiar case of

744 Wikipedia is actually an extreme example: the barrier to

745 entry for writing a Wikipedia article is very low and the

746 format is widely familiar, so the number of potential
747 reviewers is extremely large. In a field like high-energy

748 physics or bionanotechnology, the barrier to entry is high

749 and so the pool of potential reviewers is small. Educational

750 materials lie somewhere in between.

751In traditional publication, it is the publishers, editors,
752scholarly societies, and journals that handpick reviewers.

753Some do a better job than others, but the process is

754concealed both behind the formal mechanism of blind and

755double-blind review and behind the organizational bound-

756aries of the publisher. To insist that peer review works

757today is to insist that this process of handpicking

758appropriate reviewers is the right one. But is it?

759One might think of this as the fallacy of misplaced focus:
760the idea that peer review requires the careful selection of

761specific reviewers to review specific content to achieve

762adequate quality assurance across the board. But the

763complexity of this scenario is unnecessary today. What

764publishers and scholarly societies controlled in an era

765before the Internet was a really excellent Rolodex (address

766book). More than any other entity in the publication

767landscape, journals, scholarly societies, and editors were
768essential nodal points in a network of related expertise.

769Journals and scholarly societies retain this expertise today,

770but they are no longer the only place to find it. There are

771many other people, entities, and networks of expertise who

772can be relied upon to select good reviewers.

773If one follows the principle of maximum bootstrapping

774and the principle of objectified evaluation, they lead directly

775to the insight that it is possible to encourage everyone to
776review anything. Why restrict review to the small handful of

777reviewers carefully selected by existing publishers? The

778costs of scaling that method are too high. The principle of
779multiple magnifications suggests that reviewers should be

780able to self-select and that any entity interested in

781improving quality should be able to select and encourage

782reviews of specific kinds of content. Reviewers selected by

783existing organizations will automatically have more weight
784(the principle of maximum bootstrapping), but many other

785kinds of people can also offer relevant and useful reviews.

786The strongest argument for allowing as many reviews

787and reviewers as possible and for standardizing some aspects

788of reviews as their own digital object is that the combination

789of reviews from different perspectives is far more powerful

790than a hand-selected expert review from a single source. The

791idea of Bmultiple magnifications[ suggests that reviews can
792be combined, like lenses, to achieve different effects.

793Such an approach does not require the existing peer

794review system to be alteredVonly that it be willing to

795become one kind of review among many, an economic

796proposition that most likely will not square with traditional

797publishers who seek exclusive control over material

798throughout its lifetime. However, in the case of open

799access journals, for instance, there is a tremendous
800opportunity in opening up peer review from a prepubli-

801cation gate-keeping model to a more flexible pre- and

802postpublication system. A reviewer of this article offered

803an example: what if it were possible to combine the

804reviews by teachers of particular textbooks with reviews by

805students of particular textbooks to find the overlap

806between the two opinions?

18Jensen provides an extensive list of the Bnew metrics of scholarly
authority[ that might be relevant in the future [25].
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807 The principle of multiple magnifications implies several
808 things: that more reviews are better, that more data about

809 reviewers is better, and that reviewers can either be trusted

810 in the traditional sense (handpicked by existing legitimate

811 organizations) or develop a new kind of reputation, more in

812 line with the kinds of reputations built up amongst

813 Wikipedia authors, open source hackers, or Facebook

814 Bfriends.[ If the Internet has indeed changed the economics

815 of publication and the definition of identity [26], [27] then
816 there is no reason to suspect peer review will be immune.

817 The idea of a reviewer’s building up a novel reputation

818 as a reviewer also implies that such peer review will no

819 longer be blind. However, this need not imply that

820 reviewers’ physical identities are known; only that multiple

821 reviews are associated with the same pseudonym, which

822 might allow a reader to Btrust[ that pseudonym more than

823 an anonymous oneVthe corollary of pseudonymous re-
824 view).19 Reviewers with no information and no other

825 reviews thus appear similar to first-time sellers on e-Bay:

826 devoid of trust. Lifelong reviewers with a long list of reviews

827 in a particular field, by contrast, command attention.

828 Reviewers who are Bbootstrapped[ from existing review

829 organizations would stake their existing reputation on the

830 review of new content, in new ways.

831 If evaluations are understood as unique objects that
832 carry with them some information about the reviewer and

833 the specified context of use, then it becomes possible to

834 use multiple kinds of reviews at the same time to evaluate

835 an object. Such reviews could combine automated data (in

836 some ways, the least trustworthy data as compared with a

837 thoughtful review by an expert in the field) with reviews by

838 amateurs, students, practitioners, critics, experts, and

839 institutions.
840 Combining a set of reviews of an object can create a

841 particular view of that object that preserves a users’

842 concern with context of use and privileges their own

843evaluation of trustworthy agents. By allowing everyone to
844review anything, new digital objects can be associated with

845a variety of different evaluations, and new ones can be

846automatically generated, constantly or periodically soli-

847cited, and associated with particular versions. Quality

848shifts from being something a digital resource possesses

849intrinsically to something that is shared across a subset of

850reviewers and users with respect to an object.

851By allowing everyone to review anything, it also
852becomes possible to begin to differentiate different levels

853of quality assurance: from the formal, standards-based

854quality schemes of scholarly societies and state and local

855governments, to the informal community-based intuitive

856and tacit understandings of quality, to the wisdom of

857crowds and Web 2.0-style metrics of quality and tools of

858evaluation to automated data. In all of these cases, more

859information about who is reviewing, at the behest of
860whom, and for what context of use will enhance the value

861of the subsequent evaluations.

862The three principals are summarized in Table 1. Taken

863together, they are intended as a preliminary guide in the

864construction of systems of review and quality assurance for

865open access digital objects. The remainder of this paper

866presents a case in which they have been in play: the case of

867the Blens[ architecture for the Connexions open education
868repository.

869V. CASE STUDY: CONNEXIONS LENSES

870The online open education repository Connexions has
871been under development at Rice University since 1999 [6],

872[9], [10]; all during this time, the question of how to

873enable authors and users to designate and easily find and

874access high-quality material has been a central concern.

875From the outset, the project has focused on ways for

876individual users to evaluate and rate educational materials

877as well as a means to direct new users to those materials

878that are deemed by others to be of high quality.

19For an interesting discussion of the impact of nonanonymous review
in the British Medical Journal, see [28].

Table 1 Summary of Review Fallacies and Principles
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879 The structure of material in Connexions is unique:
880 courses and textbooks are broken into small modules on the

881 order of a chapter or sectionVjust enough to present a

882 single concept. By breaking up the material in this way,

883 users gain flexibility in recombining existing materials into

884 different collections. Modules and collections have distinct

885 identities in the system and therefore can be evaluated

886 separately or individually. A module should stand on its

887 own (it should make sense to a reader who stumbles on it
888 through a search engine), and collections can be as small as

889 a short book or as large as a curriculum. As should be clear

890 from the forgoing discussion, this change in technology has

891 a real effect on what it means to evaluate and review

892 material in Connexions. Traditional publishers, as well as

893 some institution-based projects like MIT OpenCourse-

894 Ware, generally stick with the age-old editorial review

895 process, whereby material is vetted and reviewed before it
896 is made publicly available.

897 Connexions recognized early on that a prepublication

898 review process would not scale to the eventual large size

899 and activity level of its repository, nor would it foster social

900 networking or community [29]. So, rather than acting as a

901 gatekeeper and making a single centralized accept/reject

902 decision regarding each module or collection, Connexions

903 admits all contributions and then opens up the editorial
904 process to third-party reviewers and editorial bodies for

905 postpublication review. Everything submitted to the

906 repository and everything constructed out of it is

907 unreviewed when it is published, which means that there

908 are no a priori judgments of quality. One common reaction

909 to this decision has been concern that the repository will

910 be quickly filled with junk and that users will be unable to

911 distinguish the good from the bad [30].
912 It is here that the principle of maximum bootstrapping
913 has been applied. By following this principle, we assume

914 that there are communities of users who are already able to

915 distinguish good from bad content for a particular purpose.

916 So for instance, there is a great deal of material on digital

917 signal processing (DSP) in the Connexions repository, and

918 much of it is deemed very high quality by the authors and

919 their colleagues who make use of it. The community of
920 working and teaching engineers, and the journals and

921 scholarly societies they belong to, are the natural site for

922 finding expertise and reviewers.

923 However, even if specialized users could recognize

924 quality in the repository, they initially had no way of

925 designating that quality on a module, and the Connexions

926 repository admits all but clearly illegal contributions.

927 Connexions’ solution to this problem was to develop a
928 system called lenses that sort content according to quality

929 assessments provided by third parties (see Fig. 1).20

930 Each lens has a different focus, and multiple lenses can

931 be combined to change the focus, just as with optical

932 lenses. A lens consists primarily of a designation of

933approval (with optional commentary) by some third party

934ranging from those whose identity is generally known,

935such as traditional editorial boards and professional
936societies to informal groups of colleagues, automated

937lenses based on popularity, the amount of (re)use, the

938number of incoming links, or other metrics.

939The principle of objectified evaluation has driven the

940implementation; rather than assume that each module

941needs a single final evaluation determining its ultimate

942quality, a module can have any number of evaluations,

943which are implemented and stored separately from the
944module itself. Choosing a lens amounts to exhibiting trust in

945certain reviewers (or statistics) over others. So for instance,

946the IEEE Signal Processing Society is launching a reviewing

947and certification process for Connexions materials in the

948DSP area.21 The National Council of Professors of Educa-

949tional Leadership (NCPEA) has launched a Connexions lens

950based on a peer review process involving both faculty from

951educational leadership programs and practicing principals
952and superintendents.22 Both of these societies are respected

953by their members and others, and their evaluations can

954carry a great deal of weight. By using the IEEE lens or

955NCPEA lens, it is possible to discard (i.e., not view) content

956that does not meet their standards.

957At the other end of the spectrum, an individual teacher

958might review a number of different K–12 music modules,

959adding valuable commentary about what works and what

Fig. 1. Lenses in Connexions. Each lens focuses the user’s view on a

subset of available modules and collections deemed high quality by the

controlling authority. Lenses can be combined to filter content.

20http://www.cnx.org/lenses.

21http://www.IEEEcnx.org.
22For more lenses, including several provided by for-profit technology

companies, see http://cnx.org/lenses.

Kelty et al. : Postpublication Quality Assurance

10 Proceedings of the IEEE | Vol. 96, No. 6, June 2008



IE
EE

Pr
oo

f

960 does not to the evaluation. If these evaluations accumulate
961 and are experienced as reliable, then another user might

962 employ this lens to see only the content approved and

963 commented upon by that teacher. Hence, the trustwor-

964 thiness of reviewers can be both bootstrapped from

965 existing reputations and can emerge through contributions

966 of new community members. Index-based and

967 Breferatory[ educational resources such as Merlot23 could

968 also naturally serve as Connexions lenses.
969 What makes this approach powerful is the principle of
970 multiple magnifications: everyone can review anything. It is

971 not necessary to choose IEEE over SPIE to review

972 Connexions content; both can do so, and indeed the

973 combination of the two lenses would have a much higher

974 quality-assurance level than either alone, as the union of

975 the two sets of high-quality materials is itself a recom-

976 mendation of quality beyond the opinion of one or the
977 other’s reviewers. Imagine, for instance, if all scientific

978 articles were published in open access form from the get-

979 go and that Nature and Science reviewed them postpu-

980 blication. If both magazines awarded the same article the

981 status of Bpublished in Nature[ and Bpublished in Science,[
982 then such a designation would be far more compelling

983 proof of its quality than one or the other alone.

984 Implementing review in this fashion transforms re-
985 views from a gate-keeping tool to a research tool. A

986 combination of lenses can reveal relationships, new

987 contexts of use, and possibilities for reuse that would not

988 be possible if the objects in the repository had a single

989 evaluation by a single reputable source.24 Too often,

990 researchers and educators seek a single evaluation to

991 ensure that their choice of material meets the highest

992 possible standard. But if there is no single standard for
993 excellence, then such a solution works only to regress

994 quality to the mean. It produces a situation in which

995 material is reviewed with respect to contexts of use so

996 general as to be essentially meaningless, a situation in

997 which everything becomes adequate, rather than some

998 things’ being excellent for particular purposes.

999VI. CONCLUSIONS

1000We have offered the principles of maximum bootstrapping,

1001objectified evaluations, and multiple magnifications as guide
1002stars to navigate toward as we develop new scalable systems

1003for quality assessment and peer review in the Internet age.

1004These new systems will likely take hold more readily in some

1005arenas than others. Wikipedia has proved that community-

1006based authoring, editing, and peer review of reference works

1007like encyclopedias is possible on a large and global scale. The

1008enormity of the content and context landscapes of open

1009education makes traditional peer review infeasible and thus
1010will (in our opinion) push users to systems more or less like

1011the Connexions lenses. In engineering, science, and

1012humanities publishing, however, the situation is less clear.

1013While there is a clear need to develop new, more scalable

1014peer review mechanisms, the somewhat conservative nature

1015of the scholarly community could impede such experiments.

1016A case in point is the journal Nature’s experiment with open

1017peer review; the authors of only 5% of the papers that made
1018it past the initial review agreed to make their papers

1019available for open comment.25

1020Nevertheless, we are entering exciting times. The open

1021education movement in particular has the potential to

1022break the education world out of a once successful model

1023(in which mass media determined the nature of our

1024educational system: one textbook for everyone) to a

1025situation of increasing richness and diversity, where
1026resources, styles, and content can be tailored to more

1027specific contexts. The ability to address quality issues is a

1028key aspect of the movement. If we can maintain the

1029openness of the growing number of open education

1030programs and innovate on ways to guide the improvement

1031of materials through cooperation and collaboration, then

1032we might find radically new ways to educate ourselves and

1033our childrenVnew ways that match the complexity of the
1034contemporary world and the many challenges it faces. h
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