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Abstract 

L ib rar ies  vary g rea t ly  i n  size, but i t  i s  a lso widely believed tha t  
they vary i n  personal i ty  as wel l ,  the l a t t e r  being manifested i n  
t h e i r  book buying patterns. But even i f  l i b r a r i e s  had ident ica l  
acquis i t ions prof i les,  the combination of s ize va r i a t i on  and random 
effects could g ive the impression of va r i a t i on  i n  intent ion.  We 
explore here the p o s s i b i l i t y  that ,  f o r  ce r ta i n  classes of books, 
t h i s  i s  the case. We define a p robab i l i s t i c  model o f  l i b r a r y  
acquis i t ion,  ind ica te  how the model's parameters can be estimated, 
and t e s t  the m d e l  on a number o f  l i b r a r i e s  for  t h e i r  co l lec t ions  
i n  calculus. 

1. INTRODUCTION 

L ib rar ies  and information systems generate masses o f  data. To understand and 
manage be t t e r  the a c t i v i t i e s  tak ing  place i n  these systens, i t  i s  necessary 
t ha t  we learn how t o  exp lo i t  the data t ha t  are avai lable t o  us. But data 
co l l ec t i on  i s  expensive, and simply co l l ec t i ng  and tabu la t ing  large quant i t ies  
of data has not always proved t o  be an e f f ec t i ve  management aid. An a l te rna t ive  
st rategy i s  t o  focus on the most important a c t i v i t i e s  o f  the system. 
conceptualizing and modeling those aspects o f  these a c t i v i t i e s  t ha t  are most 
c r i t i c a l .  Such a modeling process a t  once suggests what data t o  c o l l e c t  and 
points t o  how these data may be used. Because o f  the character o f  information 
use, often t h i s  w i l l  involve creat ing s t a t i s t i c a l  models, which w i l l  then have 
t o  be analyzed and tested. I n  t h i s  paper we describe an e f f o r t  t o  study the 
problem of book acqu is i t ion  by l i b ra r i es .  We sha l l  describe i n  some de ta i l  the 
models and tes t i ng  procedures we used as we bel ieve these t o  be mare widely 
applicable t o  problems occurr ing i n  the information f i e l d .  These s t a t i s t i c a l  
techniques are var iously known as " logl inear data analysis", " l o g i s t i c  
regression", o r  "quanta1 response modeling". 

The need for  sophist icated methods are a consequence of the nature o f  l i b r a r y  
data. Much of l i b r a r y  data shares two charac ter is t i cs  t ha t  l i m i t  the 
a p p l i c a b i l i t y  of the most heavi ly  used data-analyt ical methods. These data 
are ! -. - . 
a) Mul t i var ia te ,  and 
b) Categwical  . 

* The f i r s t  author par t i c ipa ted  i n  t h i s  p ro jec t  whi le a v i s i t i n g  scholar a t  
OCLC. 
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That i s ,  much of the phenomena which occur i n  infonnation systems i n t r i n s i c a l l y  
involve a n ~ b e r  of variables t ha t  s t rongly i n te rac t  w i t h  one another, and many 
of these var iables are categor ical  i n  nature - t h a t  i s ,  more l i k e  "sex", 
"subject of search". "sa t is f ied  or  no t  sa t is f ied" ,  ra ther  than l i k e  "age", 
"speed" o r  "distance", although, of course, both t y p s  occur. 

Most comonly,. Chi-square techniques are used when t rea t i og  categorical data. 
Pairs o f  variables are displayed i n  a contingency table, col lapsing over other 
variables. For many kinds o f  experimentally derived data, these methods can be 
i l l un ina t i ng .  Herbert Goldhor 111, for  example, studied i n  t h i s  manner the 
effect o f  various methods o f  d isplaying books on whether o r  not they were 
checked out. The problem w i t h  approaching mu l t i va r i a te  data i n  t h i s  way i s  
t ha t  i t  o f ten  obscures re la t ions  w n g  var iables t ha t  might be in te res t ing .  
I n  some cases these analyses can be ser iously misleading. When a number of 
variables act  cooperatively t o  produce a resu l t ,  i t  i s  necessary t o  take t h e i r  
influences i n t o  account simultaneously i n  order t o  understand the subt le 
in te rac t ions  among these uariables, and so t ha t  we do no t  force a var iab le  t o  
ac t  as a subs t i tu te fo r  another var iable which has been omitted. 

When we have a quant i ta t i ve  dependent variable, regression models have very 
n i ce l y  s a t i s f i e d  t h i s  need [21. We can, f o r  example, study how mount of 
publ ic  l i b r a r y  use i s  inf luenced by a range of contr ibutory charac ter is t i cs  
such as education level ,  income, age, sex, distance from l i b ra ry ,  l eve l  of 
socia l  in tegrat ion,  etc. 13.41. When the dependent var iable i s  categor ical ,  
however, such an approach i s  no longer ideal  (although attempts have been 
made t o  adapt regression methods t o  t h i s  context) [51. 

The log l inear  methods have been developed t o  bridge the gap between 
contingency tab le  analysis and regression methods [6,7,81.They are s im i l a r  t o  
regression analysis i n  t ha t  they are dr iven by models, often l i n e a r  models, 
that, on substantive grounds, are expected t o  describe the data. However, 
since the dependent var iable i s  categorical,  i t  i s  the p m h b i t i t y  ( o r  some 
funct ion o f  the p robab i l i t y )  t h a t  the dependent var iable takes a pa r t i cu la r  
value t h a t  i s  mcdeled ra ther  than the value o f  t he  var iab le  i t s e l f .  Symbolically. 
i f  y, a two-valued categor ical  variable, i s  believed t o  be re la ted  t o  the 
independent variables {xi), we might t e s t  the model : 

where p i s  the p robab i l i t y  t ha t  y takes one o f  i t s  two values, and f i s  an 
appropriate function. The b 's  are parameters t o  be evaluated i n  the course 
o f  the analysis. 

If the equation can be inverted, we can w r i t e  : 

Maximun l i ke l i hood  techniques can be used t o  estimate t he  parameters {bi?, t o  
es tab l i sh  confidence in te rva ls ,  and t o  assess the v a l i d i t y  of the model i t se l f .  

1 I n  such analysis, t he  " l og i s t i c "  transfotmation g(x)  = , + exp(-xT has been 

found p a r t i c u l a r l y  a t t r a c t i v e  - hence the name of some of these techniqws. 
These models are most f requent ly  used f o r  contingency tab le  analyses, but can 
also be used t o  model response and choice data 191. 

I n  the research being reported, data avai lable a t  OCLC descr ib ing the book 
purchases o f  a group of l i b r a r i e s  were analyzed by rneans of a special case of 
t h i s  model. Programs t o  car ry  out t h i s  analysis were w r i t t en  i n  the Gauss 
programing language, a very powerful PC-based language tha t  i s  p a r t i c u l a r l y  
strong i n  the mat r ix  manipulation routines needed fo r  complex s t a t i s t i c a l  
analysis. These are described i n  d e t a i l  i n  reference [ lo ] .  
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I n  t r y i n g  t o  d iscern pat terns i n  how l i b r a r i e s  se lec t  the  books they purchase, 
we found p a r t i c u l a r l y  valuable the concept of a peer group, a group of 
l i b r a r i e s  t h a t  are s i m i l a r  enough so t h a t  c o l l e c t i v e l y  the group as a whole 
can serve as a reference t o  guide each of i t s  members i n  book select ion. That 
i s ,  a peer group i s  a group of l i b r a r i e s  t h a t  may vary i n  s ize but share a 
book buying "personal i ty".  The v a l i d i t y  o f  t h i s  concept i s  tested below. But 
f i r s t  we must s ta te  more p rec ise ly  what we mean by a peer group, and define 
a model t ha t  describes the consequences o f  peer groups exis t ing.  

The approach we sha l l  take i s  based on a model o f  choice behavior, i n  which a 
peer group i s  defined as a group o f  l i b r a r i e s  w i t h i n  which, except fo r  
s t a t i s t i c a l  f luc tua t ion ,  the  s ize  o f  the  l i b r a r y  and the  popu la r i t y  of a book 
among the peers are the  only factors governing book purchasing decisions. I n  
accordance w i t h  t h i s  model, each l i b r a r y  i s  described by a s ing le  s ize ( o r  
purchasing st rength)  parameter, b, and each book by a res t r i c t i veness  para- 
meter, d, measured on the same scale. 

We w i l l  be in terested i n  whether t h i s  model, described i n  d e t a i l  below, does, 
a t  l eas t  approximately, describe book purchases of l i b r a r i e s  t h a t  on subject ive 
grounds seem t o  form a peer group. 

We can now look more c lose ly  a t  the model i t s e l f .  

2. CHOICE MODEL 

2.1. In t roduc t ion  

The spec i f i c  model we studied here describes a "choice" s i t u a t i o n  i n  which only 
"propensity t o  choose" and ob jec t  " d e s i r a b i l i t y "  influenced the  model. That i s ,  
the subjects making the choice are asstnned t o  have no ind iv idua t ing  personal i ty  
charac te r is t i cs  other  than t h a t  o f  p r o c l i v i t y  t o  select  times : knowing how 
much they acquire t e l l s  us a l l  t h a t  can be known about the subjects. I n  the 
example o f  the l i b r a r y  co l l ec t i on  development problem described above, the 
subjects were a group o f  l i b r a r i e s  sub jec t i ve ly  chosen as peers, though 
d i f f e r i n g  i n  s ize,  and the e n t i t i e s  chosen were books i n  spec i f i c  subject 
categories : calculus and botany. 

The model i s  defined as fo l lows : Each subject has a "propensity t o  acquire" 
parameter : b i  for  subject i, and each e n t i t y  has a " d i f f i c u l t y "  parameter : 
d. f o r  object  j. The p robab i l i t y  t h a t  s u b j e c t 4  w i l l  se lect  i tem- j  depends 
oAly on the degree t o  which the acqu is i t ion  propensity exceeds the resistance 
o f  the  i tem : bi - d. 

J' 
The speci f ic  function used was : 

exp ((bi - d . )X . . )  
P . .  = Prob {Xij/bi,djl = 
1J 

' j  , where 1 + exp(bi - d .  
J 

i f  subject i acquires i tem j 
X . .  = 

If ib i j  and {d.) were known, L, the p robab i l i t y  of any given mat r i x  of choices. 
J 

X, would be given by nP. .. Maximun l i ke l i hood  est imat ion proceeds by f i nd ing  
15 

thos values of bi and d .  fo r  which L i s  as large as possible. Although the 
J 

maximum l i ke l i hood  equations have no closed-form solut ions,  simple i t e r a t i v e  
procedures e x i s t  t h a t  permit ntnnerical so lut ion.  Programs have been w r i t t en  
i n  the Gauss-programing language t o  carry out  t h i s  analysis. 



2.2. Impl icat ions o f  model f o r  co l l ec t i on  analysis 

Rather l i t t l e  i s  known about how l i b r a r i e s  select  material.  It i s  widely 
assuned tha t  each l i b r a r y  has i t s  own personal i ty ,  and tha t  t h i s  personal i ty  
expresses i t s e l f  as a l i b r a r y  selects i t s  books. An a l t e rna t i ve  hypothesis i s  
t ha t  one can d iv ide  l i b r a r i e s  i n t o  groups of peers, and t h a t  w i t h i n  such a 
group, only s ize  influences what a l i b r a r y  w i l l  buy ( a t  leas t  w i t h i n  spec i f i c  
classes of books). The not ion of a "peer group" i s  a fundamental one i n  t r y i n g  
t o  discuss systematical ly how a l i b r a r y  selects materials. This ra ises two 
questions : 

1 )  Can the not ion o f  a peer group be made precise? 

2) How can the existence o f  a p e r  group structure ass is t  l i b r a r i e s  i n  
se lec t ing  mater ia l? 

The models discussed above o f f e r  an approach toward responding t o  both 
questions. We suggest t ha t  a group o f  l i b r a r i e s  be considered a peer group, 
a t  leas t  w i t h i n  a subject o r  format domain, i f  t h e i r  book acqt i is i t ions can be 
described by the above baseline choice model. Maximun l i ke l i hood  estimation 
allows us both t o  estimate the values o f  the model parameters and t o  assess 
the v a l i d i t y  o f  the model. We suggest t ha t  if the model f i t s  reasonably wel l ,  
the group should be considered a peer group. Thus the model o f f e r s  not only a 
means o f  analyzing select ion data, but plays a central conceptual r o l e  as well .  

But also, should the model be found t o  f it reasonably wel l ,  i t  would be 
i n te res t i ng  t o  examine discrepancies from the model's predict ions,  t o  see what 
these t e l l  us about the models o r  about the l i b ra r i es .  For example, if the 
model f a i l s  f o r  a pa r t i cu la r  l i b ra ry ,  but describes other l i b r a r i e s  i n  the 
group, the breakdown can be in te rpre ted  as an i nd i ca t i on  t ha t  the l i b r a r y  does 
not i n  fact  belong i n  t h i s  group. Al ternat ively,  especia l ly  i f  the breakdown 
can be traced t o  decisions on a small nunber o f  items, i t could ind ica te  an 
oversight on the par t  o f  the l i b ra ry .  That i s ,  should the model be e f f ec t i ve  
as a descr ipt ion o f  l i b r a r y  purchases, i t  could serve as a guide t o  l i b r a r i e s  
i n  t ha t  the model would a l low us t o  note, f o r  a l i b r a r y ' s  consideration, t ha t  
i t  has not purchased an i tem tha t  i t  would have been expected t o  purchase on 
the basis o f  the model. (It would a lso ind ica te  t ha t  a l i b r a r y  might be 
overpurchasing ce r ta i n  categories o f  books.) O f  course, book purchasing 
decisions are the respons ib i l i t y  of each l i b ra ry .  The value o f  such too ls  i s  
t ha t  i t  could b r i ng  t o  a l i b r a r y ' s  a t ten t ion  books t ha t  the l i b r a r y  might wish 
t o  have purchased but which may have been overlooked. I n  t h i s  sense, our 
analysis can be useful as a co l l ec t i on  development tool .  

2.3. Results 

The choice model was tested on data co l lec ted  e a r l i e r  by Sanders e t  a l .  Ell]. 
The data consisted o f  choices made by a group. o f  11 large, Mid-West research 
l i b r a r i e s  o f  books on calculus. The data set  was r e l a t i v e l y  small, but care fu l l y  
col lected and ver i f ied,  so t ha t  we can have confidence i n  the resu l t s  of our 
analysis. 

The resu l ts  o f  our analysis are presented i n  the Appendix. We f i r s t  note t ha t  
f o r  the model we are using. "score" ( f o r  l i b r a r i e s  : the t o t a l  number of books 
selected; f o r  books : the t o t a l  nunber o f  l i b r a r i e s  se lec t ing  a book) i s  a 
s u f f i c i e n t  s t a t i s t i c .  This means tha t  once we know the score for  an i tem 
( l i b r a r y )  o r  subject (book) we have a l l  the information t h a t  the model can use. 
A consequence o f  t h i s  observation i s  t h a t  a l l  objects w i t h  the same score w i l l  
be assigned the sane value f o r  the parameters describing them. For t h i s  reason, 
the program co l l ec t s  objects i n t o  "score groups", t ha t  i s ,  objects having 
i den t i ca l  scores, before beginning the analysis. For our data, each l i b r a r y  
const i tutes a separate score group; the parameter describing a l i b r a r y  i s  
denoted by Dxxx, where xxx i s  the score o f  t ha t  l i b r a r y  ( i  .e.. the nunber of 
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items i n  the set  of books being studied t ha t  i t  acquired). Simi lar ly ,  books are 
divided i n t o  groups, w i t h  parameters denoted by Bx. Since there are only 11 
l i b r a r i e s  i n  our database, x could take only the values 0 (acquired by no 
l i b r a r y )  t o  11 (acquired by each l i b ra ry ) .  

The appendix displays the resu l t s  o f  the analysis for the complete data set. 
The heading includes information ind ica t ing  the f i t  o f  the model : since the 
s t a t i s t i c a l  t e s t  used i s  a chi-square tes t ,  we need the degrees o f  freedom 
(here 110 d f )  and the value o f  the chi-square s t a t i s t i c .  The l a t t e r  i s  computed 
using two methods : these are given as the (preferred) G-square value and the 
a l te rna t ive  Pearson Chi-square value. I n  t h i s  data set, as i s  usual ly  the case, 
the two values are close t o  each other. The heading also shows the s igni f icance 
leve l  (p- level)  o f  the chi-square s t a t i s t i c .  For the complete data set ,  the 
s igni f icance level ,  p, i s  .015 for the G-square s t a t i s t i c .  Thus the model does 
not seem t o  f i t  the data. 

Below the heading, the values of the parameters are given, along w i t h  s t a t i s t i c s  
tha t  can be used t o  compute confidence in te rva ls .  I n  pa r t i cu la r  we see tha t  the 
data does no t  permit a clean computation o f  the parameter values : as indicated 
by the t - s t a t i s t i c ,  the standard errors are large compared t o  the actual 
parameter values, and the resu l ts  are consistent w i t h  a l l  the parameter values 
being the same. 

We then include a breakdown o f  the data by ind iv idua l  en t i t y .  For exanple, for 
the i tem ( l i b r a r y )  groups, each c e l l  indicates 1)  The actual nmber of 
acquis i t ions made by t ha t  l i b r a r y  w i t h i n  the spec i f ied  subject group, 2) the 
nunber expected by the model, and 3) the standardized residual ,  which i s  a 
measure o f  c e l l  f i t  (these can be thought o f  as normal deviates - values much 
la rger  than two ind ica te  lack  of f i t ) .  F ina l l y ,  the output produces t rans la t ion  
tables t ha t  associate each object  w i t h  i t s  class, though, t o  save space, t h i s  
i s  no t  included. 

A couple o f  conments are i n  order. We have analyzed the f u l l  data set  i n  pa r t  
t o  provide a baseline t o  compare w i t h  subsequent analyses, i n  pa r t  t o  i l l u s t r a t e  
the output o f  our programs. The la rge  standard er ro rs  o f  the paraneters are 
explainable by our inc lud ing  the extreme cases o f  books acquired by a l l  o r  none 
o f  the l i b ra r i es .  It i s  very d i f f i c u l t  f o r  the model t o  f i t  such cases : a book 
acquired by a l l  l i b ra r i es ,  f o r  example, i s  easy t o  acquire, but haJ easy? I t s  
parameter would be we l l  below those of the l i b r a r i e s ,  but t ha t  s t i l l  leaves 
many poss ib i l i t i es .  The problem i s  t ha t  the model has no basis for  bracketing 
the value. Here the lowest value o f  D i s  -3. BO might be -10, since t h i s  would 
r e s u l t  i n  every l i b r a r y  acquir ing the book, but i t  could a lso be -20 o r  -100. 
Without a l i b r a r y  whose parameter value i s  so low t h a t  i t  does not buy the book, 
the model has no acceptable way of establ ishing a value f o r  these extreme cases. 
Instead i t  forces a value, bu t  indicates i t s  discomfort by computing la rge  
standard errors. It i s  standard i n  analyses o f  t h i s  k ind t o  remove these extreme 
groups before pmceding, and i n  our subsequent analyses we do t h i s .  Thus, below, 
i t  w i l l  be understood tha t  these extremes are absent from the analyses. 

It i s  also i n te res t i ng  t o  study the lack  o f  f i t  o f  the model. If we examine the 
ind iv idua l  ce l l s ,  we f i n d  t ha t  f o r  the most pa r t  themodel has done qu i t e  wel l ,  
w i t h  r e l a t i v e l y  few residuals exceeding two i n  absolute value. An example of 
m i s f i t  appears i n  subject group 1 : the model predicts t ha t  the l i b r a r y  i n  
i tem group 105 would acquire about .48 books o f  the 62 books i n  subject group 1. 
Bwks i n  group 1 (by d e f i n i t i o n  o f  ''group 1") have been acquired by only one 
l i b r a r y  each, so they are no t  popular books; and the l i b r a r y  i n  group 105 has 
acquired the fewest calculus books overal l ,  so i t  i s  no t  a strong co l l ec te r  
i n  t h i s  area. It i s  un l i ke l y  t ha t  the weakest l i b r a r y  would get a book from 
the class o f  books t ha t  most r e s i s t  acquis i t ion.  Yet t h i s  l i b r a r y  i n  f a c t  has 
2 books from t h i s  class. An e r ro r  o f  two books i s  not large, but the model 
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finds t h i s  too un l i ke l y  not t o  ra i se  a warning f lag  i n  the fonn o f  a t-value 
o f  2.19. 

The greatest  discrepancy i s  the t -value o f  -5.05, for  l i b r a r y  group 301 and 
book group 6. Book group 6 has 24 members, and examining the counts for t h i s  
group, we see tha t  i t  i s  qu i t e  easy f o r  l i b r a r i e s  t o  select  books from t h i s  
group. Yet the l i b r a r y  i n  group 301, which on the basis of the model would 
be expected t o  have acquired a t  leas t  23 o f  these books, ac tua l l y  has acquired 
only 19. The model finds the discrepancy o f  4 books unacceptably large. 

We thus f i n d  t ha t  the model does f a i r l y  we l l  a t  exp la in in  how the l i b r a r i e s  
are making acquisit ions. As such, i t  might serve qu i t e  we71 as a means for  
s i gna l l i ng  l i b r a r i e s  about purchases they might have overlooked. Nontheless, 
the accumulation of nuner ica l l y  small discrepancies i s  enough t o  ind ica te  
t h a t  the data i s  not consistent w i t h  the model. 

We can i n te rp re t  t h i s  outcome i n  several ways w i t h i n  the framework of the 
model. For one, we can simply conclude tha t  these l i b r a r i e s  do no t  fonn a peer 
group, and hunt for  other groupings t ha t  are more consistent w i t h  the model. 
A l te rna t ive ly ,  we can ask whether these l i b r a r i e s  would fonn a peer group i f  
we modif ied the book co l l ec t i on  being studied. Both approaches w i l l  be taken 
below. A fu r ther  p o s s i b i l i t y  would be t o  accept the l i b r a r i e s  as forming a 
peer group f o r  t h i s  col lect ion,  and check w i t h  each l i b r a r y  whether the 
discrepancies were an oversight - t h a t  i s ,  t o  t e s t  the p o s s i b i l i t y  t h a t  the 
model describes the items the l i b r a r i e s  would have wished t o  acquire, given 
f u l l  information, ra ther  than what they have i n  pract ice acquired. F ina l l y ,  
we can accept the model as an approximation o f  l i b r a r y  co l l ec t i on  development 
and use i t  f o r  purposes o f  rough descr ipt ion and guidance ra ther  than as a 
s t r i c t l y  accurate descr ipt ion o f  r e a l i t y  and as a basis f o r  s t a t i s t i c a l  tests.  

I n  the second analysis, we removed the two-worst f i t t i n g  l i b r a r i e s  (Ohio State 
Univers i ty  and the Univers i ty  o f  I 1  l i n o i s ) ,  as wel l  as the extreme cases 
discussed above. I n  e f fec t ,  we are t es t i ng  the f i r s t  o f  the in te rpre ta t ions  
mentioned above. We sha l l  not present the f u l l  tables - these are avai lable 
i n  r e f  [101. Instead we sunnarize t he  resu l ts .  The G-squared value i s  now 84, 
a value that, wh i le  large, i s  not s igni f icant .  Thus, the data do no t  give us 
any basis f o r  r e j ec t i ng  the model f o r  the smaller group o f  l i b r a r i e s  - they 
do seem t o  form a peer group. Further inves t iga t ion  i s  required t o  see whether 
the two deviant l i b r a r i e s  do indeed have ind iv iduat ing  personal i t ies t ha t  
remove them from the group, o r  whether a d i f f e r e n t  explanation i s  ca l led  f o r  
(data t r ansc r i p t i on  errors,  acquis i t ion errors on the pa r t  of  the l i b ra r i es ,  
etc.). 

We also note the e f f e c t  of removing the extreme cases of items acquired by a l l  
o r  none of the l i b r a r i e s  : except.for 85, the 8-value c losest  t o  zero, a l l  B- 
values are now s t a t i s t i c a l l y  d i s t i n c t  from zero. S imi la r ly ,  the model i s  able 
t o  d is t ingu ish  from zero a l l  but the three classes o f  items closest t o  zero. 
Thus, removing the extreme cases permits the model t o  d i f fe ren t ia te  between 
various classes o f  books and l i b ra r i es .  

There i s  s i m i l a r l y  l i t t l e  t ha t  i s  s t r i k i n g  about the actual c e l l  values. The 
l i b r a r y  c o n s t i t u t i n  group 105, the weakest o f  the l i b ra r i es ,  has gotten 
subs tan t ia l l y  6are ?two i tems) o f  i tem group 1, the leas t  l i k e l y  t o  be acquired 
class, than the model expects (.32 items). But ac tua l l y  the discrepancy i s  less 
than two books. Such discrepancies should be tested i nd i v i dua l l y  by i den t i f y i ng  
t he  books and perhaps comnunicating w i t h  the l i b r a r y  t o  see if t h i s  i s  more 
than a chance effect. The t rans la t ion  tables described above make such an 
i den t i f i ca t i on  possible. 

The only other noteworthy datum involves the l i b t a r y  w i t h  class nunber 170, 
which acquired f i v e  less than expected o f  i tem class 7 ( i .e. ten ra ther  than 
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16 items : an e r ro r  o f  2.54 standard deviat ions). Again, only de ta i led  
inves t iga t ion  can expla in the error .  Overal l ,  however, the model f i t s  qu i te  
well ,  w i t h  only a h i n t  t ha t  the model works leas t  we l l  a t  the extremes, 
perhaps underpredict ing the extent  t o  which small l i b r a r i e s  acquire ra re l y  
acquired books and overpredict ing the extent t o  which the b ig  l i b r a r i e s  
acquire a l l  the books. 

We pursued the second explanation o f  model breakdown by studying the 
acquis i t ion pat tern o f  a l l  the l i b r a r i e s  for the r e s t r i c t e d  class o f  only 
English language mater ia ls  (65 % o f  the co l lec t ion) .  The G-square and Pearson 
chi-square values ind ica te  an even bet te r  fit than before. The ind iv idua l  c e l l s  
are s i m i l a r l y  uninteresting, except perhaps again for  the weakest l i b r a r y  over- 
acquir ing ra re  items. 

The improvement i n  fit can be explained by 

- the model indeed more precisely describing the English language acquisit ions; .... ", 
- the e f f e c t  o f  having a smaller amount o f  data. 

We were p a r t i a l l y  able t o  t e s t  these al ternat ives by i s o l a t i n g  the fore ign 
language acquis i t ions and tes t i ng  the model on these alone. It turned out t ha t  
i n  t h i s  class the model i s  thoroughly routed (62 = 91, p = 0.00). even though 
much less data i s  avai lable than f o r  the English-language material.  An 
examination o f  the c e l l s  reveals t ha t  the greatest discrepancies r e s u l t  from 
the purchases (o r  lack  o f  purchases) by the largest  l i b r a r y .  For example, t h i s  
l i b r a r y  was expected t o  buy the one i tem i n  group 8, but d i d  not. The e r ro r  i s  
but a s ing le  item, but t h i s  discrepancy i s  enough t o  t r i gge r  the very large 
standard e r ro r  o f  -36. The reason i s  t ha t  the book i n  subject group 8 i s  very 
easy t o  acquire - 8 o f  the 11 l i b r a r i e s  acquired i t  - ye t  the strongest of 
these l i b r a r i e s  d i d  not : the model i s  t e l l i n g  us t ha t  t h i s  i s  a very surpr is ing  
resul t .  Simi lar ly ,  the de fec i t  o f  a s ing le  i tem f o r  class 6 t r iggers  a standard 
e r ro r  o f  -10. Perhaps the analysis should be redone w i t h  the largest  l i b r a r y  
removed, but we were concerned about over ly  manipulating the data a t  t h i s  
point. especia l ly  before the discrepancies were invest igated ind iv idua l ly .  

On the basis o f  the above analysis, i t  seems reasonable t o  conclude tha t  the 
model shows considerable promise, a t  minimun, as a t o o l  f o r  suggesting a 
second look by l i b r a r i e s  o f  items they might haved wished t o  acquire bu t  
d i dn ' t .  But more i n te res t i ng  theore t ica l l y ,  the model seems t o  describe 
reasonably wel l ,  though by no means per fec t ly ,  how t h i s  group o f  l i b r a r i e s  
develop t h e i r  col lect ions.  The fit i s  especia l ly  good if we r e s t r i c t  ourselves 
t o  English language purchases. Given the character o f  the m is f i t s ,  i t  i s  
reasonable t o  suggest tha t  l i b r a r i e s  may display greater ind iv iduat ing  
qua l i t i es  f o r  nowEnglish purchases than they do f o r  English languages 
materials, and tha t  the model i s  most appropriate f o r  English-language material.  
But an a l te rna t ive  explanation i s  t ha t  the model we l l  describes data i n  the 
center, but breaks down a t  the extremes by exaggerating the impl icat ions of 
small discrepancies. 

3. ALGORITHMS 

3.1. Estimation 

I n  t h i s  section we give an overview o f  the mathematical considerations under- 
l y i n g  the model. We f i r s t  discuss the general log l inear  model, and then r e s t r i c t  
ourselves t o  the choice model. I n  the general model, we have a binary, dependent 
var iable y, tak ing  values 0 and 1, and a r e l a t i o n  between the p robab i l i t y  tha t  
y = 1 and a nunber o f  independent var iables x : p = Pr {y-1) = f(x;b) and 

q = Pr {y=Ol = 1 - f(x;b). Thus Pr{y}  = f Y ( l  - f)l'Y. Here b i s  a (vector- 
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valued) parameter whose v a l w  i s n ' t  known. To evaluate b = (bl,b 2....,bm), 
we construct the logarithmof the l i ke l ihood function : 

n 
1 : X [yi l og  f(xi,b) + (1 - yi) log (1 - f(xi ,b)) l ,  where the i refers t o  

i=l 

i nd i i i dua l  cases and the logar i thn i s  taken to  base e. The maximum l ike l ihood 
estimate o f  the parameters, b, i s  the value a t  which takes i t s  maxinun. 
i.e., the value o f  b a t  which : 

( X  i n  g. i s  the matr ix whose rows are the vectors xi). 
J 

Let 41 denote the value o f  b a t  which ( I )  i s  sa t is f ied .  

I n  general, equation (1) c ?not be solved i n  closed f o n ,  and an i t e r a t i v e  
process i s  used. Suppose b?l)  i s  the current estimate o f  41. Considering g. 

J 
as a function o f  b, we can expand gib) around b(i); then if bM i s  the v a l w  

J 
ag.(b(i)) 

a t  which equation (1) i s  sa t i s f i ed  : g.(%) = g.(b(i)) + r *(bM-b(i)) j ' ;  
J J j' J 

thus, since g($) = 0. we wish t o  solve 

for b(i+l), the next approximation t o  bM. This process i s  continued u n t i l  the 

change i n  the estimated value o f  b between i t e ra t i ons  i s  small. Replacing g 
a t  by we C O O C ~  ude : 

Equation (2b) can be rewr i t ten  i n  matr ix notation as 

-g = H(b(i+') - b ( i  )) ; 

Thus the fo l lowing sequence o f  steps i s  involved : 

1. E s t i ~ t e  b(") a t  stage o 
A t  each stage, i : 

2. Evaluate g, H a t  b(i) 

3. Compute ~ - ' g  

4. Compute b(i*l ) = b(i) - f 1  9 

I f  lb(i*O - b(i)l i s  not adequately small, continue a t  step 2. 
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3.2. Model Evaluation 

A nunber of approaches are ava i lab le  f o r  evaluat ing the  above model. We used 
the fol lowing. 

i )  To evaluate the model overa l l  : given our estimate f o r  bM, we can 

compute p. for each con f igura t ion  xi. If there are ni cases sa t i s f y i ng  the 
1 

conf igurat ion xi, we expect Ei = nipi o f  these cases t o  have y = 1 ,  and 

Ei = "(1-pi) cases t o  have y = 0. I f  i n  f a c t  Oi o f  these cases are i n  the i t h  
n ". 

possible c e l l  (i.e. y  = 0 o r  y  = 1 f o r  any x value), -2 r Oi i n  

o f  the degree t o  which the predicted and actual counts disagree. l t  can be 

shown t h a t  t h i s  value, o f t en  ca l led  6'. i s  approximately described by the Chi- 
square d i s t r i b u t i o n  when the  model i s  va l id ;  the degrees o f  freedom i s  given 
by ( the  number o f  c e l l s  - the number o f  independent parameters t h a t  are 
estimated). 

i i )  Should the model fit, we can assess how we l l  each c e l l  conforms 
t o  the  model : If pi i s  the p robab i l i t y  t h a t  y = 1, given x.,  then i f  ni items 

1 
have value xi we expect n.p. o f  these t o  have y = 1, w i t h  a standard deviat ion 

ly. - n.p. 
o f  vhipi(l-pij. Thus d.  5 

1 
' ' - i s  approximately normally d is t r ibu ted ,  

'hip; (1 -P;) , , 
w i t h  mean o f  zero and u n i t  standard deviat ion. Since pi can be estimated once b 

i s ,  we can evaluate each c e l l  i n  t h i s  manner. A s im i l a r  measure, di, appl ies 

f o r  y  = 0, based on the p robab i l i t y  1 - p;. A workable procedure f o r  f i n d i n g  

badly f i t t i n g  c e l l s  i s  t o  search fo r  values o f  di much greater than two i n  
absolute value. 

i i i )  F i na l l y ,  a general property  o f  maximun l i ke l i hood  est imat ion i s  

t ha t  -E (A) As the  inverse o f  the covariance matr ix, r. Thus, r can be 

act. 1  estimated by -(Tw)- . The square roots o f  the diagonal values g ive us 

estimates f o r  the standard e r ro rs  o f  the components o f  b, permi t t ing  us t o  
t e s t  hypotheses and compute confidence in te rva ls .  

3.3. Choice model 

The above equations are general. We now sumnarize these resu l t s  fo r  the model 
we are examining. 

exp(br - ds) 
P r ~  - 1 + exp(br-dS) 

( b  -d 
2) a = r nrs (b r -ds )  -I: Nrs l o g  ( l t e  ) 

r s  

where, of Nr opportuni t ies fo r  subjects i n  class r (having i den t i ca l  values 
f o r  b )  t o  seTect items i n  class s, nrs ac tua l l y  do. 

For technical  reasons, we imposed the cons t ra in t  r bi = 0.  This can be rea l i zed  
by using on ly  the values b2. ..., bn as parameters t o  be solved f o r ,  and 
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subst i tu t ing  - ( b 2 +  ... + bn) for  bl. I f  we do t h i s ,  we can continue : 

aa. 
2a) = (Si - S O  - (1 N. .p. - f Nljplj) 

j T J  i d  

I. + I  N..p.. 
J  1 J l J '  

where S. = I n.. and I .  = I n.. 
1  d 1J J  i ' J '  

a2a. 3a) -;= - Aid 5 NijPijqij - !N l j ' l j  P q l j  ' 

A. . , rN . .p . . q . .  
m = - J J  ; 1 J l J l J '  

A l l  of the above can be converted i n t o  matr ix  form and evaluated using Gauss. 
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APPENDIX 

OUTPUT FROM GROUP RASCH ANALYSIS 

CALCULUS DATA : ALL CASES, ALL LANGUAGES 

Number o f  Subject groups : 12 Degrees of freedom : 110 
(454 subjects) 

Number of I tem groups : 11 
(11 items) 

-2*Log L ikel ihood : 2739.543982 
G-Squared : 144.423787 (p = 0.015) 
Pearson Chi-square: 150.052508 ( p  = 0.007) 

Convergence a f t e r  i t e r a t i o n  : 15 (Max value exceeded.) 
Maximum change i n  params : 1.000000 

- 
Var Coef -- 

-19.272903 
-2.996520 
-1.881695 
-1.122421 
-0.528326 
-0.018690 

0.453261 
0.922373 
1.425874 

;td. Error  



ACTUAL AND FITTED CELL COUNTS (Successes) 

I tgp.  Nunber 105 124 141 142 147 163 170 174 198 
No. Members I 1 1 1 1 1 I 1 1 1 

252 
1 

301 

Subject gp 0 (101 members) 
Actual Count 0.00 0.00 
F i t t ed  Count 0.00 0.00 
Std. resid. 0.00 0.00 

Subject gp 1 (62 members) 
Actual Count 2.00 1.00 
F i t t e d  Count 0.48 0.82 
Std. resid. 2.19 0.21 

Subject gp 2 (49 members) 
Actual Count 0.00 1.00 
F i t t ed  Count 1.15 1.91 
Std. resid. -1.08 -0.67 

Subject gp 3 (37 members) 
Actual Count 1.00 2.00 
F i t t e d  Count 1.80 2.96 
Std. resid. -0.61 -0.58 

Subject gp 4 (20 members) 
Actual Count 3.00 1.00 
F i t t ed  Count 1.70 2.72 
Std. resid. 1.05 -1.12 

Subject gp 5 (18 members) 
Actual Count 0.00 3.00 
F i t t e d  Count 2.41 3.74 
Std. resid. -1.67 -0.43 

Subject gp 6 (24 members) 
Actual Count 6.00 8.00 
F i t t e d  Count 4.76 7.10 
Std. resid. 0.63 0.40 

Cont. 



ACTUAL AND FITTED CELL COUNTS (Successes) (Cont.) 

I tgp .  Nunber 105 124 141 142 147 163 170 174 198 252 301 
No. M m t e r s  1 1 1 1 1 1 1 1 1 1 1 

Subject gp 7 (22 members) 
Actual Count 6.00 10.00 12.00 13.00 15.00 17.00 10.00 15.00 15.00 20.00 21.00 
F i t t e d  Count 6.24 8.84 11.23 11.37 12.06 14.13 14.95 15.40 17.67 20.55 21.57 
Std. res id .  -0.11 0.51 0.33 0.69 1.26 1.28 -2.26 -0.18 -1.43 -0.47 -0.89 

Subject gp 8 (20 members) 
Actual Count 6.00 13.00 11.00 14.00 14.00 13.00 18.00 16.00 16.00 20.00 19.00 
F i t t e d  Count 7.91 10.52 12.66 12.78 13.35 14.96 15.56 15.88 17.42 19.18 19.76 
Std. res id .  -0.87 1.11 -0.77 0.57 0.31 -1.01 1.31 0.06 -0.95 0.92 -1.58 

Subject 9 (27 members) 
ActualCount  19.00 19.00 20.00 18.00 20.00 25.00 23.00 21.00 24.00 27.00 27.00 
F i t t e d C o u n t  14.68 18.07 20.49 20.61 21.20 22.79 23.35 23.64 24.97 26.38 26.82 
Std. res id .  1.67 0.38 -0.22 -1.18 -0.56 1.17 -0.20 -1.54 -0.71 0.80 0.42 

Subject gp 10 (39 members) 
ActualCount  27.00 31.00 37.00 36.00 35.00 35.00 37.00 37.00 38.00 39.00 38.00 
F i t t e d C o u n t  28.88 32.32 34.42 34.53 35.00 36.20 36.61 36.81 37.72 38.62 38.89 
Std. res id .  -0.69 -0.56 1.28 0.74 0.00 -0.75 0.26 0.13 0.25 0.62 -2.74 

Subject gp 11 (35 members) 
ActualCount  35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 
F i t t e d C o u n t  35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 35.00 
Std. res id .  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


