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ABSTRACT

Thi s paper describes issues related to the desi

gn and

anal ysis of large data files, and indicates how one

set of large data files, the Cient Oiented Data

Acqui sition Process (CODAP), is currently maintained

and anal yzed.
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1. SYSTEM DESI GN CONSI DERATI ONS

The major steps in the design of a data system are:

stical

(1) determ ne

obj ectives, (2) decide what kinds of issues one wi shes to deal wth,

(3)

descri be the questions one wants to answer, and (4) design a data system

so that it wll provide the answers (research or system design).

data systens shoul d be designed with specific objectives,

| deal | vy,

and the data to

be collected should be able to neet those objectives. Unfortunately,

objectives are rarely nmet when | arge data systens are designed. In

practice, one may find that the design of a |large data systemis

t hese

characterized by: (1) general, non-specific objectives such as "support of

managenent decisions”, (2) general issues, such as "W want to inprove

pl anni ng, nmanagenent, evaluation, etc...”, (3) failure to define in



advance of the systemdesign effort the questions which are to be asked,
and (4) system design being executed on the basis of what seemto be
"interesting"” questions, subject to constraints inposed by noney, tineg,
adm ni strative "cl earance" requirenents, and the wllingness of
respondents to provide the information.

I f one may assune that objectives were clearly stated, that issues
and questions were defined in operational terns, and that the data
el enments to be collected are necessary and sufficient to answer the
guestions posed, then it is useful to consider the area of system design
which directly effects the analyst's ultinmate products: data collection.
(For purposes of this discussion, availability of internal data control
and processing resources which are adequate to handle collected raw data
is also assuned.) There are two major aspects to consider when designing
the data collection instrunents and processes:

A. Substantive Attributes: (1) The conplexity of the questions asked

and the ease of fornulation and expression of the answers. (2) The likely
avai lability of respondents' know edge and informational materials
(records, logs, interviewees, etc.) which facilitate determ nation of
correct answers. (3) The degree of interrel atedness of questions and
answers, and the “intensity” of the requirenent that answers be internally
consistent. (4) A host of environnental and attitudi nal aspects which

i nevitably influence all of the above. The anmpbunt of self-discipline which
the data acquisition process inposes may be realistic or absurd dependi ng

on attitudinal and role factors. The nost inportant determ nant of the



success of the respondents' activities is usually the answer to his/her
guestion: "What's in it for me?"

B. Attributes of Form Design and Instructions: A wi de variety of

"structural" techniques for increasing the viability of a formare

avail able. Usually attributes such as arrangenent of itens on the page and
the coding structures enpl oyed are bel abored at | ength. Then a

prof essional forns preparer adds a few additional niceties such as
conpatibility with typewiter spacing, different printing fonts, and col or
or shadi ng for enphasis.

Most frequently overl ooked or badly rendered are aspects having to do
with "data control", such as use of carbon copies, preprinted serial
nunbers, aids to batching, logging, transmtting and filing of forns,
turnaround and feedback docunents or printouts, and nachi ne-sensible
forms. Even if the data to be acquired is easily encoded and training of
respondents is sound, data control is crucial. In a large system one
frequently deals with a geographically distributed popul ati on of
respondents who vary greatly in education and notivati on and whose
i nternal record-keeping arrangenents vary fromimuacul ate to nonexi stent.
More difficult are problenms of "followup" in systens which "track"” an
activity of sone kind in which a second, third, or nth transm ssion of
data is related to previous data transm ssions and provi des additi onal
information or corrects or updates previous data. Here problens of m ssing
or duplicate itens in a series of transmssions, failures to properly
associate a transmssion with its rel ated predecessors, incorrect

"transaction types" and resulting inbal ances between types of transactions



can result in buildups of records which cannot be di sposed of properly
within the rules that govern the system

For every such problemthere are potential solutions. These may
i ncl ude manual and conputerized |ogging, validity and consi stency checks
and a variety of feedback nechani sns, "turnaround" docunents and a host of
ot her techni ques. The problens which defy solution usually stem from human
factors of notivation, staff turnover and conflicting priorities or are
probl ens whose genesis is a flawed, unreasonabl e or obsol ete aspect of the
system design itself. In the forner situation the respondent and his
notives, nethods, and priorities are at |east partially beyond the reach
of the system maintainers, and even where the respondent's errors,
i nconsi stenci es, and oni ssions can be identified, usually only the
respondent hinself can provide the correct answers. Since the respondent's
performance fell short the first time, the chances that he will ignore or
conpound the errors are quite high. There is thus a considerable
di fference between being able to detect errors and being able to get them
corrected. The latter situation frequently stens fromthe indicipline,
al l uded to above, of the systens designers thenselves. Such problenms my
ultimately destroy the systemitself by the sinple process of yielding a
dat a base of questionabl e useful ness. The cost in human terns of a system
based on flawed concepts is inmeasurable, and serves to reenphasi ze the
i nportance of formrulation of the systems basic concepts and objecti ves.

C. Conprom ses Between Substantive and Technical Issues: In the final

anal ysis, for each systema bal ance is struck between substantive and

techni cal issues. Each has a limting effect on the other. The nost



perfect, elegant expression of the designer's data "needs" wi || probably
require a respondent popul ation of psychic Ph.D."s and a 20-page i nput
form while the data processing technician can easily design an al nost
infallible formand instructions, but one whose infantile
oversinplifications and omssions will yield data which is clean,
conplete, and of alnbst no use to a statistician or program nanager

During the system design and testing process a | arge nunber of
conprom ses are reached to ensure that, firstly, the data gathered w |
actually answer nost of the inportant questions it is designed to answer
in a neaningful, relatively undistorted nmanner. Secondly, the information
nmust be obtai nabl e and expressible for the respondent, and the formto be
conpl eted nmust nmake rendering of such answers as easy as possible.

When the nechanics of the information-gathering process are finally
defined, a variety of training requirenents and strategies will have been

identified and instructional materials prepared, usually including nanual s

which tell a respondent howto fill out the fornms involved. The strategies
will reflect the designers' enphasis of various factors: mnimzation of
errors in specific itenms, mnimzing the tine required to fill out the

form restrictions on coding space, sinplification of questions and
i nstructions, increased probability of legibility or successful

transm ssion of conpleted forns, etc.

2. STATISTICAL | SSUES I N THE ANALYSI S OF LARGE DATA FI LES



There are a wide variety of issues to be considered when one attenpts
to analyze the data in a given file. W will name a few of the nost
i nportant ones that have particul ar inpact upon |large data files.

The first step in data analysis is to define the problemand the
nodel or framework used to consider it. The objectives, issues, problemor
guestion under consideration nmust be stated in operational terns, and
phrased in the formof questions or hypotheses to be tested. In addition,
t here nust be a nodel which serves as a framework within which to answer
guestions and a context within which to test hypotheses. Data, by itself,
has no neani ng, and nust be interpreted within the context of a nodel.
Therefore, design, issues and questions nmake sense only within the
framewor k of a nodel of the situation under consideration. The
statistician's role is to define the nodel which best describes the
i ssues. Wthin the nodel, the statistician nust phrase the questions in
such a manner that a researchabl e, objective answer is possible.

Once the problem and the nodel are operationally defined, a
met hodol ogy is devel oped which takes into account the nature of the data.
Factors which the statistician may consider include: (1) How the data were
collected. (2) The nature of errors. Usually enphasis is placed on
sanpling errors, but non-sanpling errors may actually be nmuch | arger than
sanpling errors. Non-sanpling errors include such errors as respondent
errors, poor instrunment reliability, measurenent errors of other Kkinds,
transm ssion errors, data processing errors, etc. (3) Methods useful in
the anal ysis of the data. There are a variety of multivariate nethods

avai l abl e. When | arge anounts of data are involved, efficient use of



conputer tine becones a necessity. Conputer efficiency begins with the use
of efficient software and proper file design. Unnecessarily |arge record
si zes or inadequately grouped records nay greatly increase conputer
processing tine. Wien one uses standard software packages, such as SPSS or
BVMDP, and not all cases are to be considered (for exanple, when one
instructs the programto consider only fermales 18-20 years old), it is

i nportant to phrase a conpl ex sequence of conditional statements in such a
manner that conditions are tested according to the |ikelihood that they
will fail, conditions with a higher probability of failing being tested
first. This procedure reduces processing tine because fewer records need
to be processed conpletely. (4) Interpretation of the results. It is
inportant to distinguish between statistically significant differences and
di fferences that are not |arge enough to be nmeaningful in ternms of policy
and program deci si ons, nanagenent issues, etc. One often finds that

rel ati onshi ps between two variables, X and Y (or the difference between X
and Y) are analyzed testing for no relationship (or no difference between
two distributions) using a chi square statistic (or simlar statistic).
Wth a large data file, a cross tabulation of alnbst any two variables is
likely to have a very high chi square value. Two enpirical distributions
are likely to be found different even though the differences between them
may be very small. Two alternative approaches can be used: (a) report the
data with an appropriate confidence interval, or (b) determne, "a
priori", a particular relationship that is neaningful (or a particular
difference that is neaningful) and then test the hypothesis that the

difference is greater than the pre-established value (rather than the nul



hypot hesis), or that the relationship is stronger than the preestablished
val ue (using non-central chi square).

Anot her aspect requiring consideration involves the conplications
arising fromthe use of many variables. A relationship between two
vari abl es may change direction when a third variable is used as a control
vari abl e. When the data file consists of nany observations (cases) and
many variables, it is possible to obtain apparently contradictory findings
according to which variables are included in the analysis. Inclusion or
excl usion of subpopul ati ons may change rel ati onships. The availability of
many cases and nmany vari abl es encourages alternative approaches to data
anal ysis and potential apparent inconsistencies in the interpretation of
fi ndi ngs.

3. CODAP -- AN EXAMPLE OF A LARGE DATA FILE

A. Description of CODAP. The Cient Oiented Data Acquisition Process

(CODAP) is a data collection system devel oped and operated by the Nati onal
Institute on Drug Abuse (NIDA) in treatnent facilities (clinics) that
receive federal funds. Its purpose is to provide current information which
describes clients and the treatnent provided to themin order to aid in

pl anni ng, managenent and evaluation activities. Reports from between 1, 500
and 1,800 clinics are received each nonth. Fifty states participate in
data coll ection. About 40,000 adm ssion and di scharge reports descri bing
clients admtted to and discharged fromtreatnent are processed each

nont h.

B. How CODAP Data are Analyzed: A large data file coupled with many

demands for analysis requires automated procedures for table generation



and a variety of approaches to satisfy user demands. The Division of
Scientific and Program I nformation, N DA has devel oped several
approaches: (1) Periodic, usually quarterly, reports are prepared which
present close to 100 tables. (2) Special issues are addressed in the
Statistical Series, which describes applications to nmanagenent of drug
abuse prograns, evaluation of treatnent outcones, and studies of patterns
and factors associated with the devel opnent of drug abuse (epi dem ol ogy of
drug abuse). (3) Data files are available less than five nonths after the
data are collected. These files are provided to the Single State Agencies
whi ch coordi nate drug abuse prograns, and to an outside organi zati on which
in turn makes the files avail able to requestors or prepares tables upon
request (at cost). (4) Technical assistance is provided to the states on
how t 0 use CODAP data. (5) Reports unique to each clinic/programare sent
to those clinics/prograns, together with conparabl e state/ national data
and suggestions for interpreting the data. (6) Special analyses are
prepared upon request from federal governnment agencies.

In order to handle the | arge anbunts of data involved, speci al
anal yti c software has been devel oped which allows the follow ng tasks to
be. perforned automatically: (1) SPSS output is sent, via nagnetic tape,
to disk files for manipulation by text-editing software which produces
canera-ready copy of tables. (2) Tables with a | arge nunber of vari abl es
(of the formA vs. Bvs. Cvs. Dvs _.) are stored on magnetic tape.
Anot her program reads those tables and produces sumaries (collapsed over
the categories of a given variable). In addition, for continuous,

tinme-rel ated variables, the output of both progranms can be plotted using a



CALCOWP plotter. (3) Depending on the nature of the analysis, users can
utilize extract files consisting of 20% and 1% sanples of the data file,
and al so speci al subpopul ations (such as daily heroin users) which have
been found to be of specific interest. (4) Afile of all tables conputed
fromseveral of the larger files (such as the 100% sanple) is kept as a
ref erence. Requests are often answered fromthat reference systemat a
consi derabl e savings in tinme and noney.
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