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Abstract — This study examined three disciplines and the literature to determine if there
were any differences in conceptual referencing patterns. Physics, engineering, and sociol-
ogy were examined using the actual literature of the disciplines for the year 1984. Sam-
ples were drawn from major abstracting and indexing services. A Dunn planned
comparison approach was used to test for differences. The results of the testing indi-
cated that physics, engineering, and sociology all differ in terms of conceptual references.
Two sub-tests were performed on the data. Total number of references were examined,
indicating no difference between physics and sociology, but distinct differences between
physics and engineering and between sociology and engineering. The second sub-test
examined the number of references to literature within a 5-year span of publication. This
second test indicated differences between physics and sociology and between physics and
engineering, but no difference between sociology and engineering. Suggestions for fur-
ther study are offered.

INTRODUCTION

This study examines the differences in conceptual citation frequency in science, technol-
ogy, and social sciences literature. Physics, engineering, and sociology were examined for
different rates of conceptual referencing behavior. The three areas were chosen because of
their perceived placement on a continuum ranging from “hard” to “soft.” This is not a lon-
gitudinal study but a description of the current state of referencing behavior. It takes a
diachronic slice of the literature and examines that slice as a potential model.

Differences in conceptual citation rates are one indication of previous or current use
of another’s work. Conceptual citations are examined here as opposed to all citations to
determine the effect of conceptual versus methodological citations. Previous work with
methodological citations suggested differences in the three areas studied[1]. References,
however, will be only a formal indication of the use of concepts. No attempt is made here
to track the informal patterns of intellectual activity leading to publication.

Using the topology suggested by Moravesik and Murugesan[2}], in which they identify
operational and conceptual citations, this study attempts to measure a hypothesized dif-
ference in conceptual citation frequency between the three areas. Examination of concep-
tual citation rate is one method of examining the intellectual linkages between documents
on an unobtrusive level.

Moravesik and Murugesan defined conceptual references in the following manner.

If a concept or theory of the cited paper is used directly or indirectly in the citing paper
in order to lay foundations to build on it or to contribute to the citing paper, then the
citation is a conceptual one.

By “using directly” we mean that a concept is taken from the cited paper and the
material of the cited paper forms the basis of the citing paper (whether the author states
this explicitly or not).

By “using indirectly” we mean the situation when in the course of development of
his ideas, the author of the citing paper finds it necessary to incorporate certain ideas
or concepts which are not strictly necessary to formulate the basic ideas of his paper but
may add more insight cr help clarify certain key concepts of the citing paper.[3]
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Additional discussion on the utilization of this definition is found in the methodol-
ogy section below.

The definitions used by Price to differentiate between references and citations will be
used throughout this paper.

. if Paper R contains a bibliographic footnote using and describing Paper C. the R
contains a reference to C, and C has a ciration from R.[4]

The examination of specific literatures is one attempt to begin defining parameters of
scientific and nonscientific literature. This study assumes a structuralist approach to the
underlying literature. That is, a literature can be described by the common characteristics
that comprise its growth and direction. This study is part of a continuing research program
examining individual disciplines and specialty areas. As such it contributes to the accumu-
lating knowledge concerning a literature and its subsets. The ultimate aim is to delineate
models for the literature in increasingly finer detail and scope.

PREVIOUS RESEARCH

There is not an extensive body of literature which deals directly with the problem
addressed here. The major work to date began with Moravcesik and Murugesan{2], who
developed a topology of referencing behavior. Chubin and Moitra’s paper{5], which
extended the general approach of Moravesik and Murugesan, was also an exploratory paper.
Unfortunately, the two studies reported divergent findings.

Murugesan and Moravcsik[3] presented additional results, which they suggest validated
the generalizability of the classification system they developed in their first paper. They
found differences in citation behavior in the physics community in various countries and
between specialties. They were careful, however, to point out the exploratory nature of their
findings.

Hurt{1] examined methodological citation differences in physics engineering and sociol-
ogy. He reports that physics differs from both engineering and sociology in terms of their
methodological citation frequency.

Bertram{6] also dealt with the topology of citations. Her work deals less with the issue
of conceptual versus methodological and more with the problem of internal referencing
behavior.

In addition to the work referenced above, there is extensive literature dealing with bib-
liometrics and literature characteristics. Narin and Moll{7] present an excellent historical
and methodological review from a number of perspectives. Edge[8] is representative of those
less convinced of the utility or validity of the bibliometric techniques. Virgo{9}, Frost[10],
and Hurt[11] also deal with the overall literature of bibliometrics.

Price[4] suggested that science and technology differed on a series of variables, includ-
ing an “immediacy effect.” He later acknowledged his “immediacy effect” was not the
predictor he once thought{12}. Immediacy, however, was only one factor in Price’s differ-
entiation of science and technology. His discussion of papyrocentric vs. papyrophobic liter-
ature behavior is one example of the differences other than immediacy.

Recent work by Narin and Carpenter[13] suggests that distinctions such as those Price
made might once have been valid. They perceive a trend where science and technology are
becoming indistinguishable. Price’s distinctions need to be examined in light of this and
other research programs investigating the nature of formal patterns of scholarly commu-
nication. This is even more imperative if Narin and Carpenter are correct. The majority
of formal library structures and organizations are predicated on a clear distinction between
science, technology, and the social sciences.

METHODOLOGY

Data were gathered for this study from three major sources. These sources corre-
sponded to the three bodies of literature under examination. Physical Abstracts for 1984
was examined for the literature of physics. Engineering Index annual cumulation for 1984
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was used to gather the engineering literature. Finally, the 1984 volume of Sociological
Abstracts was used to gather the material for sociology. Items were selected from each of
these sources at random.

Sample size was determined using a variation of the Scheffé statistic[14], which bal-
ances both Type I and Type Il error. Type I error was set at 0.05 and Type 11 error at 0.90.
The form of the statistic is given as:

n==Xa}(Z, - Z,)*/d}

where a = weights squared; Z, = Z value associated with Z(1 — «/c) where ¢ = number
of contrasts; Z, =Z value associated with Z(8); and d, =standardized contrast of
interest.

The standardized contrast was set at 0.5, or one-half a standard deviation. The sum
of the weights squared was 2. The resultant value for n, the sample size, was 84.5 for each
group.

The Scheffé assumes the researcher can set Type I and Type II errors and assign an
appropriate standardized contrast of interest. The procedure is a normal approximation
algorithm with the added benefits of balancing experimental error and statistical power on
a scale of practical significance.

Eighty-five items were selected at random for each of the three literatures from the
sources listed above. Each of the papers corresponding to the listing in the index was exam-
ined and the following information extracted:

—

. Number of references in each paper.

2. Number of items citing material published in the 5 years previous to the publica-
tion date.

3. Number of conceptual citations.

Summary measures were computed for each of the three areas and are found in Ta-
ble 1.

Table 1. Summary measures

Physics Engineering Sociology

Conceptual References

Mean 9.964 2.893 8.024

SD 6.047 2.024 4.534
All References

Mean 17.024 6.190 17.452

SD 10.336 3.965 10.138
Five Yr. References

Mean 12.143 5.310 5.952

SD 6.864 3.307 3.124

The number of references in each paper needs no explanation in terms of operational
definition. The number of references citing material published in the 5 years previous to
the publication date was used as a measure of variation in the literature areas of the three
areas examined. The 5 year period is an arbitrary distinction, but seems to enjoy consider-
able support in the literature([3,16]. The use of the 5 year cut-off allows this piece of research
to be compared with others, hopefully leading to additional research.

The definition of conceptual literature is the most sensitive part of this study. Con-
ceptual literature in one paper might be used as a methodological reference in anpther. In
recognition of this problem, each paper was examined individually. In all cases, the defi-
nition for conceptual citations used by Moravesik and Murugesan was employed.

Because particular differences were the object of the study, no omnibus tests of dif-
ference, such as an ANOVA or Chi-Square test, were used. A Dunn test was performed
examining each of the pair-wise comparisons[15]. The form of the Dunn test is
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ty=di/[VAR(dy) }7

where d, is the particular contrast under examination; VAR(d,) = MS.. * L(a;/n;).
Overall, the Dunn test is a form of a ¢ test, but has the additional property of being
able t0 be used repeatedly throughout an experiment assuming the Type I error level has
been adjusted for the number of comparisons.
A contrast matrix was generated to determine the particular weights attached to each
of the tests of interests. The matrix is given in Table 2.

HYPOTHESES

The overall purpose of the study is to test for differences in conceptual referencing
behavior between three sets of literature. The hypothesis under test (null hypothesis) was
defined as: There is no significant difference between the conceptual citation rate of physics,
engineering, or sociology. The alternative hypothesis simply stated that at least one statisti-
cally significant difference was present. Statistically, these hypotheses were stated as:

Ho? dl = dz = d3
H,: H,is false.

Given the Type I error level established previously (0.05), a critical value for rejection

of the hypothesis under test can be determined. The critical value was determined to be 2.45.
*Using this value, a decision rule was written to govern rejection of the hypothesis under test.

Decision Rule: With Type I error = 0.05, reject the hypothesis under test, Hy, if the
absolute value obtained for ¢, is less than 2.45.

Two additional sub-tests were identified. First, a test was conducted to determine if
there were differences in the total number of references in each of the three literature groups.
A second sub-test examined differences between literature cited in the previous 5 years in
each of the literature sets. The same hypotheses and decision rule was used in each of the
two sub-tests.

RESULTS

The contrast matrix generated in Table 2 was used to obtain the difference or contrast
values for each of the individual tests. Table 3 displays the contrast values and Dunn val-
ues for the major test of the study, differences in conceptual referencing behavior. There
are significant differences among all three sets of literature in terms of conceptual citations.

One secondary test was to examine the total citations in each area for differences. The
results of this test, together with the contrast values are in Table 4. Significant differences
exist between physics and engineering and between sociology and engineering. The test for
difference between physics and sociology in terms of overall references is not significant.

Table 2. Contrast matrix

dy = 1(Physics) + O(Engineering) + —1(Sociology)
dy = 1(Physics) + —1(Engineering) + 0(Sociology)
d; = 0(Physics) + 1(Engineering) + — 1(Sociology)

Table 3. Conceptual references: Contrast and Dunn values

Contrast Dunn
Value Value Difference
Physics-Sociology 1.94 2.799 significant
Physics-Engineering 7.07 10.204 significant
Engineering-Sociology 5.13 7.405 significant
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Table 4. Total references: Contrast and Dunn values

Contrast Dunn
Value Value Difference

Physics-Sociology -0.428 -0.228
Physics-Engineering 7.314 3.89 significant
Sociology-Engineering 11.262 5.989 significant

Table 5. Previous 5-year literature: Contrast and Dunn values

Contrast Dunn
Value Value Difference
Physics-Sociology 6.191 8.49 significant
Physics-Engineering 6.833 9.369 significant
Sociology-Engineering 0.642 0.880

The final test was to examine the three areas for differences arising from their fre-
quency of use of literature published within five years of the referencing paper. The results
are given in Table 5. Significant differences between physics and sociology and between
physics and engineering appear. There is no significant difference found between sociol-
ogy and engineering in this test.

CONCLUSIONS

The results of the tests above point to the following conclusions:

1. Physics differs from engineering in all areas tested.

2. Sociology and physics differ from each other in terms of frequency of conceptual
references and in terms of use of literature five or fewer years old. There appears
to be no significant difference in terms of the overall number of references.

3. Sociology and engineering show no difference in terms of the number of references
to literature five or fewer years old. Differences are apparent between the two in
their frequency of conceptual references and the number of references overall.

DISCUSSION

The most straightforward methodology for defining a literature is to define its char-
acteristics. The literature may then be examined from the standpoint of similarity or dif-
ference. This study indicates some clear similarities and differences in the three literature
areas studied. The area of examination of particular literature-based similarities or differ-
ences needs expansion. It is through the delineation of such differences and similarities that
the best models for utilization of the literature will be developed. Clearly, this is an area
of concern to information providers, such as libraries.

This study points to some differences that add to the store of knowledge concerning
bodies of literature in science, technology, and the social sciences. It extends a previous
study dealing with methodological literature and a study based solely in physics{16].

The results here indicate that there are significant differences in the frequency of con-
ceptual references in the three areas. Only the formal references to published literature were
examined. It is possible an informal mechanism may be operating that circumvents the for-
mal structure. This study would not have found such a phenomenon.

Differences in areas of total references and in references to recent literature were also
uncovered. These differences are, for the most part, consistent with previous findings(1].
Only the test for difference in total number of references between physics and engineering
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is at variance. Additional work will be necessary to explore potential reasons for the
variation.

At this point, only general hypotheses can be generated 10 explain the results. The first
hypothesis proposed is that there are still major differences between science and technol-
ogy. Narin and Carpenter have evidence 10 suggest otherwise[17]. Their study was based
on patent literature and, as such, the contradictory results are not directly comparable. At
the minimum, we can hypothesize differences in the formal communication patterns other
than patents between physics and engineering. What appears clear from this study is that
physics and engineering are very different. This is a surprising finding in light of the per-
ceived natural connection between science and technology.

The lack of difference between sociology and physics in terms of overall number of
references may be the result of sociology becoming more like the hard sciences in terms
of its publications. The sociometric advances of the past 30 years have increased the abil-
ity of the field to conceptualize.

SUGGESTIONS FOR FURTHER RESEARCH

Replication of this study is a necessity. Additional work both with these three areas
and with other literature areas is a fruitful and necessary research program. The study of
formal transfer of information, as viewed through citation analysis, is one vehicle for turn-
ing good theory into good practice. Further research should be done in terms of applying
the findings here and elsewhere to libraries and information centers. The assumption that
modeling the library or information center on the structure and use of the literature is in
need of robust testing.
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