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In his Look on “Documentaion”, Bradfoed derived the law of senttering, bosed va alpehde
cuplanation with the suppasition fhat ny = 0, = 0, 10 80 1y e eompated based on averags oo, of
articler per joumnals in the fiest three zones, An snalyriz of & small sample ol 32 dats sots, using -
test suguresta that it 1s unlilely that n, = n,. Forther an etternpt has been wadc o identify o
suituble mirdel to explain the Jaw ot seattering; amang the vaneus madelz tiied, log-normal fits
much better than meay modsls incloding the log-finear modst.

Introduction

The topic in bibliometrics that has received a preat deal of attention is the problem
tzlated o the scattering of articles. The tabulation of the distnbution of the number of
references on a specific subject area among joumals is the traditional way of
summarizing scattering of articles. Tn most of the bibliographies, covering a short
peried on & particnlar scientific subjeet, it may be observed that on a given subject:

i) Most of the journals conteibule only onc article cach; the other articles in the

journals obviously are not relevant to the said subject;

ii} afew joornals contribute on an average 5 to 10 articies each;

i) very few jouwrnals, comparing to the first two groups, contribuie a large number

of articles.

This was [Litst observed by Bradiord (1934). Bradford in his analysis on the data
obtained from 169 journals in applied geophysics (1920-31) and from 102 journals in
lubrication (1931-37}, he noticed that when partial sum of munber of references are
ploted apaitat the natural logarithm of the partial sum of the number of joumals or
reriodicals, an almost a straight line graph resulis. Le.,

fixl=at blnx



LK. RAVICHANDRA RACQ: RRATFORD MEMMTITLIERS AND [LAW OF S0ATTERING

Flxy is the references conwined i the first x most productive journals and & & & are
purameters of the subject; the curve is often known as the Bradford corve. Based on the
graph, he further stated the following statement which is now called as “Bradford's
Law of Scattering™

“If sclentific journals are arranged in order of decreasing preductivity of articles on
a given subyject, these may be divided into a muclews of periodicals more particularly
devoted to the subject and several groups or zones containing the same number of
articles as lhe nuclews, when the number of perindicals in ihe muclows and succeeding
zomes wifl boas 1 inond ¥ (Beadford, 1934, 1938),

Fiokery [1948) obsorved the differences between graphical and verbal mierpretation
of Bradford’s [aw of Sceitering and argued that *if the collection of jourmnals are
divided inte arbitrary tumber of proups cach conluining » references and iF 3¢ is the
cumuliated number of jowmnals in the most productive & groups (&= 1, 2, .. 1 then

'Slﬁ"_r -5 {”k ]_::| whera 5 — Srf(ﬁ—l}

Hs also further poimted out that the theoretical graph was a smoeoth curve and that
Bradferd’s interpretation only predict the apper straight line portion of the curve.

Bradford multipliers

Later in 1948, by defining &, = #4/r, . where #; is the average number of articles pet
journal in the ith group'rane, when journals are arranged m decreasing productivily and
with an assumption that ») = s, Bradford (1348) arguerd that the miio of rofic size will
beas 1:a:p% . a2 is known as Bradford multiplier.

How far this assumption is correct? An atternpt has been made in this paper to test
the hypoihesis that #y = a3 by defining #|j1; = 4, for i = 1, 2, .. a rull hypothesis
has been formulated as Hy: 1 = 0. For teelve scts of daty, collected by different
amthors, semi-log curves were drawn as explained by Bradford. Until a2 point from
where & steaichi lice begins {s considered as nucleus zone for cach of the data sets and
a5 capluined by Dradford, the nexl tare zones are identified. Thus m, mry and s {the
number of journals i the nucleus and in the next two succceding zones) and the
carresponding valucs of »|, #; and #; {average numbers of atticles per jourtal in three
rones). As explained by Bradlord, m.r| = piyrg = myrq. The values ol my, s1g, my. g,
Ty, 3, By, My and A {the differenes between sy and a1, for each of the twelve duata sets are
given in Table 1. t-lest is carmed out to test Ay D =0 vs M0 D < 0 t-statistic 18
computed, under the assumption that A, is true. Tt is given by:
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(o d=D _dnd
ﬁda'-.."E T,

Where o is the mean of the 12 values of the differences belween sy and m,. For the
sample of 12 data sets, o and oy are —1.4392 and 3.57382 respectively; the compmuted
value of 7 is —1.3283. For o = (.10 and for 11 degrees of freedem 4, — 1,363, Since
|7 = 2, Hy may be rejected,; it ndicates that . may he accepted; 1.2, 4; < p; and thus
indicating that they are unlikely te be equai,

If & is sufficiently large onc can perhaps reject Hy: I = 0 even at ¢ = 0.05 lavel.

This sty thes suggests that Bradford’s sssumption thet ny = #; is tinlikely to be
correct and log-linear model unlikely to explein the law of scaftering.

Teble ]
Waiues of Bradford multiples (7 and wb
N, Sourcs of data M, fi iy n ) ry EN Ha of;
1. Biruclloind {19344 L) 20 &7 s 1150 ERE < B1E0 20120 LAkA
{Creogezplivy
2 Ewmdford (1934} i 23 75 18.53 4.4 140 MEATL R34S D26
{Lubricoriaw) :
L3 Kendall (DBSA) (1964} 7 3= Bl 99,14 BLT LIS 1aimas 7.s s0in
4, Lieffman & Weocn 1 47 1R 42,5377 1443 341 TR3Gh AWRT2 1M
{Muour rell) F1965)
5. fSach (1955 5 EX ¥ 42,75 1072 i.] 198 RRlES 5TITR
5Lt hfechads)
B, Depea dTYHAY 5 2l B ) .19 138 42605 A7 0254n
(Ll Bz}
b Cook (1989} 36 7 119 IRLT O lG3T 0 bk 23 1A240 0.402]
[Papniiny biusie)
f. Eawani (1977 12 25 12w T2a INTE LMW LERN CLAFTE
[TIoM Agra.}
1S Liperoy {19805 L] 42 52T o1l 2y 17 ABTE 12464 =3 TRTS
{Balyecr)
10, Warren S Mevii 15 165 1739 1350 HrdT 147 65930 00611 —lDiid
(Sehisbe somicia)] {1967
1L Pope {19%73) 1 114 1634 24510 1575 145 D20 L32059 —DTig
(i Be.)
11 KR Rius 33 h 240 3581 1512 4594 13603 .08k a7

(e imics] § 196

F=1.43592 ATy = 3.573838 Lurptel valye of = —1 3083
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Logninrmal modtel

Since 1948, many have worked in this arez and suggested different models o
cxplaim law of scattering, Fimow (1955) proposed a Bela modet under the following owo
assunpons:

i1 There iz a constant probability o« that the &2 paper be published in a new jourpal

that has not poblizshed in the Ol (% -1 ) papers.

ify The probability the &% paper is published i a journal that has published ¢ papers-

is propositional to &7, -1k .o to the total number of papers of all fournals
that have publizhed exactly f papers. The [ model is as follows:

: A
j{}}_r{l—'p]

M 15 the total sumber of periodicals containing at leaut one paper on the subject, p 15 the
distance belween origin and the point at which straight line meets at r-axds, and f{r) 15
the distributien of the npumber of journals § with exactly r papers.

Kendall (1960) in his analysis of Lhe biblography on operations tescarch srranped
that the seattering of articles i jowmnal is similar w that of income digmbution. Cale
{1958} suppested o semi-log medel, as mentioned by Bradford to explain law of
scattering.

Craoffpcr and Warren (1968 mn their study introduced a notion of sub-dividing the
literature into 2 maximal number of years instead of any number of years. They
obucrved adherones o Bradlord’s law. Groor (1967) observed a S-shape curve (with a
droop, al the cnd of the vurve) fo cxplain baw of sewlerins Leimbdder (1967)
sngeested a distribution fugetion;

Fryy = REBYHD ok 0s Pyl B0

log{1+ )
to explain law of scattering. Ay} is the relative total number of reference contained in
the topmost y propartion of journals. Brookes (1968) also suggested two different
models (lop-linear model and non-linear model) te explain lower and upper parts of the
cnrve. _

Fairthorne (1969) and also 4eqd {1981} sugpested a log mode! and Maranan {197]1)
snggested a power model. Karmeshu and others (1982) presented two models to cxplain
the micchanism that could produce Bradford distibutions. These modsls are called as
subdivisions model and multiple factor model.
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Burrall { 1988} augposted Waring process to explain general features of Bradford’s
law. Basu (1992, 1995) suggested a model to explain distribution of articles in journals
based on probabilistic considerations.

Some of these models are hased ou size-frequency approach and most of them ave
based on rank-frequency approach, Also some of them are only of theoratical medels
and not tested with real-life data.

To idenify a smiable model o explain the law of scattering about 24 different
models were [ted to the 12 different sels of dala. T'he list of models are viven in Table
2. A software package called MACE was nsed 1o [it 1the models, bused on ropression
analvais.

The values of the parameters — besr fittine model, 1he log-normal model and the lop-
lingar mmodel are given in Table 5.

Table 4 gives the values of B2 for best [iting model, log-normal model and log-
linear maodel.

For the deta coflected by DBradford {in Geophysics] and Kendall (Operations
Researchy), the best fitting model 5 modified Hoerl fimetion. Hoeorl function fits fairly
well to Cook’s data, Reciprocal hyperbola finetion (ls Gairly well to Sach's and Mope’s
data. For rest of the seven dala sels lopnormal modol Gls very well. y mives the nmmber
of articles (cumulative) contained in1he x most periodicals. However, aven for the other
frve data sets (Bradford, Geophysics); Kendall, Cook, Sach & Dope). the Ingnonmal
model is the second best; For all the 12 data sets, the value of B? for log-normal s at
least (h995, This sty thus indicates thal the lognormal medzl is perhaps explains well
the law of scatlsting,

Table 2
Fquations tisted 1eing 1lis proesam

. Y=AILEX STE.LINE Lo N-HX LIME TIRU D5,
300 r—lamcHUM) REC.STR LTVE A V-AIETH O LIME AW BECI
& A INVPLEDMOL A G F—A Y ) RICME ITYFERBOLA
T Y SAHNHINYX A0 ORT ITYP B YoAHrEHCTNAY FARARGLA
T Y—ARNTHYNTR PR AT DRI 19 ¥eamdop FLIWTR
15, YeAERY MLIEDIWHI 12, Y=BNLA ROIT
T4 V-AREDX SLIPRIC Gibgrsi R 14 Y=a*X B 3 0 G 1OMETRIC
15, W—AR (0 ERMOMBN 1AL 18, Y—are" I} MALHY XTI TIAL
1 ¥=A BMeX LOGARLIHMIC 18 Y=L AAD ] BECIP Lo
L% YA RRE R HOERL FURCTIIOM 20, R L Sl B0 HOERT
1 W= AR II-HP L) ROBRAL i WAt BPLZ) LOKS MOMEMAL
3. WEAMKTRM R HETA 2 BRI 0R DANA
15 W-LARNHEY D) CALUHY
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Conclnsion

Hragford in 1948 in his boak an Documenration argved thar “we have no reason
why r; and »y should differ aod the simple supposition we can make 1s that they are
cguul”. He thus assumed #; — n, =4, Based on a small sample of twelve data sets, it has
been shown in this study that 2] and #> are not likely equal. Thus it may be helisved
that Bradford muktipliers vary from zone to zone.

Further Bradford suggested a log-linear model lo explain the law of scattering,
Again based on a small sample of 12 data sets, it has been arpued that log-normal
madel fits much better than the log-linear model. The log-nenmal mode] will e much
more accurate in predicting the total number of artivles covered in a given womber of
core journals.

Law of scattering is an area where muoch work has been done. However, Hill now, no
vac has come ont with a single model which Gis fairly well to the most of data sets.
This study suggests that log-normal model fis fairly well to the most of the available
tlats. Alse, this sdy indicates thet Bradford multiplicrs vary from zane to wone.
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