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Abstract

Although the writing of a thesis is a very impottatep for scientists undertaking a
career in research, little information exists om tmpact of theses as a source of
scientific information. Knowing the impact of thasis relevant not only for students
undertaking graduate studies, but also for thedingl of repositories of electronic
theses and dissertations (ETD) and the substanti@stment this involves. This
paper shows that the impact of theses as informa@urces has been generally
declining over the last century, apart from durihg period of the ‘golden years' of
research, 1945 to 1975. There is no evidence ofEEAd¥ing a positive impact; on
the contrary, since their introduction the impakctheses has actually declined more
rapidly. This raises questions about the justifimafor ETDs and the appropriateness
of writing monograph style theses as opposed tdigation of a series of peer-
reviewed papers as the requirement for fulfilmefrgraduate studies.
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Introduction

The writing of a Ph.D. thesiss mandatory for scientists seeking to pursueraeetan
research. A Ph.D. thesis is seen as contributinthéoadvancement of scientific
knowledge in a particular research field, and mogmized by other in the field will
become his peers, and will confirm the new resesitslstatus as a member of that
scientific field (Bourdieu, 1975). Though the daeti® has existed since the Middle
Ages, it was only at the beginning of thé"@ntury that the Ph.D. degree became a
diploma associated to the production of originatsiific researchers and the training
of new researchers when the Prussian Minster fac&ibn, Wilhelm von Humboldt,
established a new university model at the Universit Berlin. The Humboldtian
university model, which institutionalized scientifresearch within the walls of the
university, with professors having to both teacll aerform research, became the
standard in other countries—such as Canada and nitedUStates—before WWI
(Gingras, 2003).

Since then, the Ph.D. degree’s legitimacy as amyepbint to the scientific
community has remained relatively unchallenged. filaén requirement for obtaining
a Ph.D. degree is to produce a thesis that make%mginal” and “significant
contribution” to the student’s subject area (seg,, €Council of Graduate Schools,
1997; Tinkler & Jackson, 2000; Winter, Griffiths Green, 2000). However, its form
has undergone some changes over the last 25 gsgesially in natural science and
engineering (NSE) programmes. While in the soa#rees and humanities (SSH)
the required form of the thesis has not changedtanbally , theses in the NSE are
increasingly consisting of a series of publishetickes. There is no immediately
available information on the number of Ph.D. thabas are being taking the form of
a compilation of publications, but a quick searéhhe thesis submission guidelines
from different graduate schools and departmentsvshibhat a high percentage will
allow this type of submission. Also, like other easch results, Ph.D. theses are
becoming increasingly available in electronic foriWeisser & Walker, 1997).

Electronic modes of diffusion include initiativesken by Ph.D. graduates to publish

2 There is no standardized definition that cleaibtidguishes between a thesis and a dissertation. |
one trusts Google, the term thesis is unequivogablye popular than the term dissertation at both th

master’s and doctoral levels. In this paper, thesfers to master's and doctoral level theses and
dissertations.



their theses on personal websites, electronic washset up by institutiodsand
broader initiatives that allow international usersdeposit their theses, and to search
for theses written by students worldwide (e.g.,wWéeked Digital Library of Theses
and Dissertations—NDLTD, 2005).

This paper has three objectives. First it aimsialyze the overall scientific impact—
as measured by citations—of theses on new knowlgdigen an annual production
of more than 41,000 Ph.D.s per year in the U.Sea[®ational Science Foundation.
Division of Science Resources Statistics 2004), might expect that doctoral theses
would have a considerable impact on the developneénscientific knowledge.
Second, we want to investigate whether the increameailability of theses is
increasing their scientific impact. Because of rtheider availability (digital theses
can be accessed online) and the reduced transacigis associated with preparing
and obtaining readable copies of theses, citatiequiency for the most recent years
(i.e., between 2000 and 2004) should be substhntimher than, for instance, before
2000. Thirdly, using historical bibliometric dathjs paper examines long term trends
that might provide clues to changes in thesisioitatates.

Background

Previous research on dissertations has examinddteps as quality and time-to-
degree of a doctoral education (e.g., ZiolkowskRQQ; Bowen, Lord & Sosa, 1991;
Gonzalaz, 1996; Katz, 1997), skills required of tdoal candidates (e.g., Isaac,
Quinlan & Walker, 1992; Barry, 1997), pre-thesisdapost-thesis publication
productivity (e.g., Lee, 2000; Anwar, 2004), ance tiole of dissertations as
information sources (e.g. Boyer, 1973; Davidson77)9 Despite the fairly large
number of studies on Ph.D.s and Ph.D. theses, tlwer@ relative scarcity of
information concerning the scientific impact ofshnode of knowledge diffusion.
One of the aspects that has been examined is tine @bdoctoral theses as a research
collection development tool (Edwards, 1999; Bdilepte & Killingsworth, 2004), or
tool for measuring a faculty’'s use of library joal® (Zipp, 1996). Beile, Boote and
Killingsworth (2004) argue that it is not alwayspappriate to use a thesis to evaluate

a library collection, particularly if the emphassson the evaluation outcome rather

3 See: e.g. the University of Nottingham e-thesichiae: http://etheses.nottingham.ac.uk/
information.html



than the actual quality of the thesis. Some rebeaschave looked at how doctoral
students use information in the development ofrttheises, in terms of both the most
highly cited material and the currency of the htieire and the use of specific journals
(e.g., Walcott, 1991; Buttlar, 1999; Gooden, 20Blishkowski, Parsons, & Wiese,
2003). A common finding is that journal articlesdeto be cited more often than
monographs, and that theses account for a very smoglortion of the cited literature
overall. Kushkowski, Parsons and Wiese (2003) disced thatregardless of
disciplinary affiliation-graduate students favoured current research inr thei
bibliographies, and that the number of referenndteses varied by discipline. More
recently, Kushkowski (2005) investigated the Wetlatmn behaviour of the authors
of print theses versus that of the authors of et theses and found that Web
citations account for 2.2% of the citations in pamd 5.4% of the citations in ETDs.

The persistence of Web citations in theses hafgrsbeen uniformly poor.

For members of a scholarly community to read, eataland potentially cite a thesis,
there is a need for it to be widely disseminateditoleast made readily accessible.
Davinson’s (1977) text oitheses and Dissertations as Information Soureeslls
the past practice of “exchanging theses” and tly@irement of doctoral students to
have them “printed and bound up in book form atirtlmevn expense” (p. 60).
Throughout the 1960s, this exchange practice d&tl{e.g., Ash, 1969); bound theses
or microfiimed copies began to be stored at théitii®ns from which students
graduated and were made available through intarjbiloans. Loan practices varied:
“many British university libraries have been renaly generous in their loan
policies... others have been sometimes less gesie(pu62). Davinson (1977) and
Repp and Glaviano (1987) claim that availabilityNarth America (and subsequently
in Europe) was affected by the fact that “the pmeseof Dissertation Abstracts
International (DAI) has solved many of the problems of access” (Dawind977:

65). Davinson (1977: 66) was critical of this seeyistating that it is:

little more than a publishers’ catalogue with ea¢hthe entries accompanied
by a price tag. ... Would-be users are often obligrebuy copies of material
they think may be of value to them, judging [onfsdm the abstract. They
may be disappointed (and substantially out of pfjakben they receive it.



Currently, there is a significant movement towaltus digitization of theses for open
access at both local (for instance, through thesldgvnent of institutional e-thesis
repositories) and international levels, through Nz TD (2005). The NDLTD was
established at Virginia Tech with funding providég the U.S. Department of
Education. Several universities around the worldehaecome official contributing
members of this open access initiative, and mahgretare expressing interest in
doing so, or making arrangements to participateefagr and Walker, 1997). There
are now more than 200,000 documents in the NDL o siory.

Methods

Our analysis is based on Thomson Scientific’s bdrtaphic databases. Data from
1900 to 1944 are drawn from tl@&entury of Sciengewhich indexes 266 journals
covering most natural sciences and medical fiel@l5 to 1979 data are from the
Web of Science, and data for 1980 to 2004 are fittenCD-ROM versions of the
Science Citation IndexSCl), Social Sciences Citation Ind€$SCI) andArts and
Humanities Citation IndekAHCI). Thomson Scientific databases index sevefas

of documents as source items, among which onlglasti research notes and review
articles are generally used for bibliometric stgdi8ince they are the main media for

diffusing new knowledge, this paper focuses ondghbeee document types.

Even though cited references in the SCI, SSCI aRlAare not “tagged” with a
document type, regular patterns in cited refererfeedlitate the identification of
several types of cited documents. For instance, dA@®05) and Lariviére et al.
(2006) showed that it was possible using relatisatyple algorithms to isolate among
cited documents, references to journal articlesirilar approach is used here. To
identify references to theses from all cited malean iterative retrieval process was
carried out, starting with a keyword search for teen *thesis*, followed by an
exclusionary search for false positives. Taking iatcount that most of “noise” was
generated from documents not starting with thengtifiesis(hypothesis, synthesis,
anaesthesis, antithesis, metathesis, etc.), itfoasd that searches using only the

string thesis* at the beginning of the document were very accuiatéerms of

* See http://www.ndltd.org/about.en.html.



isolating references made to theses. Although ghissa common suffix, it almost
never occurs as a prefix. The sampling of a langmber of results showed that the
number of false positives was extremely small. Moeg, our extensive validation
showed that thesis appeared to be the expressamhlbysThomson Scientific to index

both theses and dissertations.

This paper uses the field and sub-field classificet employed by the U.S. National
Science Foundation in its Science and Engineendgétors. The main advantage of
this classification over that used by Thomson Siienis that fields are mutually

exclusive and, therefore, each journal appears onbe. Hence, this classification
overcomes problems associated with multiple coubtsfortunately, there is no

similar classification for journals in the SSH. Gequently, a new classification
system, inspired by those used by NSF and Thoms@nt8ic, was constructed to

classify SSH journals and associate them with miytueclusive fields and sub-

fields.

Findings

Figure 1 presents the total number of referencedemay papers in Thomson
Scientific’'s databases between 1900 and 2004 dsasehe number of citations to
theses during these years. The impact of the twald\MWars on citation rates is
immediately obvious, but what is more important flois paper is that, whereas the
number of references continues to rise unabatedydmber of citations to theses has

been levelling off since about 1980.
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Figure 1. Total number of references and references theses, 1900-2004

Figure 2 shows that there have been three maidgriencitations to theses. The first
movement, ending with World War I, clearly revetlie diminishing importance of
theses in overall citation traffic. This was follesvby the period that could be termed
the “golden years” of academic research, duringctvlinere was a sustained growth
in public spending on scientific research accomgrhrby a growing number of
students attending and graduating from univers#ies, subsequently, finding jobs as
researchers in universities, public administratiand private firms. The last period
starts in the mid 1970s and is either a returrhéottend observed before the golden

years or a new downturn in the importance of thasesteable material.
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Figure 2. Share of references to theses, 1900-2004

Drawing on data covering the last 25 years of sidieractivity, Table 1 shows that
theses account for only a small proportion of ctieduments: about 1% in the SSH
and about two-thirds of 1% in the NSE. Neverthelessaverage, between 1980 and

2004, about one paper in four in the SSH and oseim the NSE cited a thesis.

Table 1. References to theses, 1980-2004

Social Science Natural Science

Indicator and Humanities  and Engineering

N. references to theses 513,745 2,214,338
N. articles 1,885,828 12,350,777
N. references 55,365,666 329,304,208
% references to theses 0.93% 0.67%

N. references to

thesis per paper 0.27 0.18

Figure 3 is useful for examining the hypothesist thkectronic thesis repositories
would help to increase the impact of theses. Itlmmseen that the absolute number of
references to theses started to decline in 2004, tlzett the decline in the average
number of references to theses began to accelara@1. This shows that electronic
theses repositories, at best, have merely slowaeh dbe downward trend. Figure 3

shows that there is a long-term declining trendha number of references to theses



per paper: whereas in 1980 there were about Otafiocis to theses by papers, this
number has fallen over the last 25 years, resuitiran average of 0.16 references to

theses by papers in 2004.
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Figure 4 presents findings for the SSH; Figure &vjples data for the NSE. The SSH
data indicate that, with the exception of literatuhere has been a marked decline in
the share of references to theses in peer-revigpapers. On average, SSH theses
received only 1.2% of the citations made in 198&rdhe 20 year period to 2004 this
figure dropped by 0.5 percentage points.

The NSE data show a similar decline. The first tieatiences cluster in Figure 5
shows that here there were almost no citations natleeses. This may be due to the
importance of published papers in these fieldépdhe growing tendency towards an
accumulation of published papers rather than agtiesfulfiiment of doctoral degree

requirements. There is an intermediate clustect@mistry, physics and psychology
for the proportion of references made to thesethirél cluster, led by engineering and
technology, shows more importance to citations ltesés in published research.

Nevertheless, the decline in citations over timevislent.
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The analysis depicted in Figure 6 shows that oitetito theses are several times more
likely to be self-citations than citations to othmmentific production. Over the 25-

year period, 10% of all references in the NSE veslécitations, but more than 25%

10



of NSE citations to theses were self-citations.elkse, 5% of citations in the SSH

were self-citations, but more than 15% of citatibtmtheses were self-citations.
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Discussion

The results of this study are paradoxical: whilests are becoming increasingly
accessible to scholars in electronic format, theerall scientific impact seems to be
declining. This does not necessarily mean that @odal thesis is a poor source of
scholarly information. It may be the case that as kknowledge is permeating the
academic system, scholars prefer to cite publigtegaers and books derived from
graduate research, rather than the original thdsesome cases, it may be that the
availability of theses as sources of informatiors heeen overlooked, given the
increasing amount of other types of publicatiomj@l articles, research reports, etc.)

that are being made available on the Web.

From a policy point of view, more consideration teéo be given to the development
of e-thesis repositories, which, if scholars wishrtaximize the readership of theses,
may need to be promoted. However, their promotidhnet guarantee a reversal of
the observed trend towards a marginalization obdbeas a source of scientific
information. In fact, the data presented in thipgrashow that if development of e-

thesis repositories were to be based on the udbests as sources of scientific

11



information, there would be little justification. iThere is an argument for their
development based on the intrinsic requirement tbfeais or dissertation, i.e. that it
should be an original piece of work. Currentlyisitvery difficult, if not impossible,
for students undertaking postgraduate studies tedméident that no other student
around the world has covered a particular nicheesgarch. In this respect, e-thesis
repositories would play a very important role ifoaling new researchers to search
for and examine examples of “prior art”, and ilikely, although not by any means
certain, that this would increase the number cénegices to theses made by graduate

students.

Although the data in this paper point to the maabmole played by theses as sources
of scientific information, they do not identify aogsible causal mechanism. Two
explanations can be proposed. First, the peakdrandhs in the graph in Figure 2
(overall share of references to theses) may bedir& supply and demand. The more
theses that are produced and the higher their pge in total scientific
contributions, theanore frequently they will be cited. Figure 7 predseonly partial
data on the “supply side”, but these suggest thettetis a relationship between the
number of Ph.D. graduates (National Science FouomaDivision of Science
Resources Statistics, 2006) and the number ofiari&to theses. For instance, the
number of graduates in the U.S. peaked around Mf@h more or less coincides
with the period when the share of referencethéses peaked (see Figure 7 and Figure
2). Figure 7 also shows that citations to thesesllled off a few years after this 1973

peak in graduate numbers in the U.S.

12
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Figure 7. Number of references to theses and Ph.ysanted, 1900-2004

A second explanation for the drop in the proporbéritations made to theses might
be that, starting in the mid 1970s, the populadtyseries of published papers
compiled as a thesis, rather than the traditionahagraph, has grown. This would
add to the observed shift in citation patternshviéwer citations to theses but more to

graduate study-related papers.

Overall, this paper raises important questions eonng the modus operandi of
graduate programmes. It would be legitimate to kg graduate students are still
encouraged in many fields to produce monograplestieses if their scientific

impact is diminishing. The monograph-type thesistils relevant as a significant test
of a student’s knowledge, research skills and &ffesess at communicating. On the
other hand, graduation-by-papers provides studeittsthe opportunity to practice

research and improve their writing skills, bothwdfich are important in terms of the
dominant form of scientific contribution in the roaty of scientific fields (Lariviére

et al. 2006). A papers-based graduate approacht imégh more effective training for
researchers if publishing papers is what will conddem during most of the rest of

their careers.
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