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an I"AGE application

"ARTIN O. JEWEL
NATIONAL SPINAL CORD INJURV DATA RESEARCH CENTER

BACKGROUND

The N~t;on~l Spin~l Cord Injury Data Research Center
(NSCIDRC) - a division of Cood SaAaritan Hospital in
PhoeniX, Arizona - is supported in part by a grant frOft the
U.S. DepartAent of Health, Education' Welfare through the
Rehabilitation S~rvices Adftinistration. HSCIORC's goal is
to prOVide access to a national repository of data relative
to spinal cord injured persons for the purpose of i~proving

the c~re Qnd treatftent thereof, and reducing the length of
hospital stay and Qssociated costs.

Since spinal cord injury is a sudden traUftQtic shock Qnd
extreAely expensive, the costs are often borne by Societ~ in
the forA or taxes and insurance preRiUAS. Helping a patient
to achieve hiS Rost productive status as qUickly as POSSible
gives hiA Q psychological boost, reduces the drain on fa"ily
and personal resources, and d~creases the cost to societ~.

SVSTE" FLO~

The source of patient data is the eleven Regional "odel SCI
SysteRs (see appendiX 1). Data is extracted fro~ hospital
records, phySiCians' stateAents, patient interViews and
bills for various t~pes of equipAent and services. This
infor~4tion is COftpiled by ~edic~l record personn@l and
transcribed onto pre-printed forRs. The forAS are asseftbled
into batches upon cOftpletionJ logged, and then forwarded to
PhoeniX. Generally, a batch represents a weeks work. (see
Figure 1).

After receiving the batched forAS at HSCIDRC, the forRs are
logged in on the HP3000 and sorted by new entries and
updates (see Figure 2). The new entry dat~ is ke~ed into
the cOAputer via an HP2645 video ter~inal USing a general
purpose data entry prograA deSigned to create 4 transaction
file. We do not use DELI haVing found it inQdequate for our
needs.
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At ~ppropriate periods, usually tWice a day, a data bose
posting prograft is executed ~s ~ b~tch job stre~~ to ~dd the
data to the data base (see Figure 3). We do not enter data
directly to the data bose.

Twice Ronthl~, a data quality audit progroA is run to
produce ~ discrepancy list which is forwarded to the
Regional SCI Centers for corrective "easures. Resultant
updates ore then sent to HSCIDRC ~s described above. The
updates ~re posted to the data base on-line. Data
verification is done after entry/posting and updating.

Other data base ftanageftent tools are sho~n in Figure 4. The
selective dURp prOVides a hardcopy of patient data as it
eXists in the dQta bose. The Forft 2 Follow-up produces a
tickler report of those forfts which are due during the next
quarter, and an expediting list of in-process and past-due
forAs.

We have grown increaSingly confident of the relative
cleanliness of the data base. We now overage fewer thon 2
discrepancies per 100 for~s. With the ~any checks for
validity and logical interrelationships between variables,
the error rate is apprOXi~Qtely 1 in 40,000.

Patient inforftation CORes to NSCIDRC at the cOApletion of
the initial hospitalization and rehabilitation period, and
again at each SUbsequent anniv~rsary of injUry. Ther~ Aay
be 4 lag tiRe of up to three Aonths while data is extracted
froft case records and various profeSSionals respond to
requests for inforftation. Typically, after three to six
Ronths after the end of a calendar year the data for that
year is coftplete, clean and ready to be analyzed.

The for~, on which the initial data is subRitted, is
referred to as For" 1 and is cOAplete in itself. The annual
follow-up data is reported on Q For" 2. Each For~ 2 ftQY
have one or Rore Hospitalization forfts (Forft H) attached, if
the patient was odRitted to a hospital during that year.
Thusl a particular patient will have 0 Single For" 1, and,
d.pending on the nuftber of years after injUry, one or ~ore

ForR 2'5. Each Forft 2 ~QY, in turn, have one or Rore Forft
H's attached.

DATA BASE ftAHAGE"ENT BACKGROUND

Initially, data was stored on an IBM SysteR/32 which had
ftany hardware and software liftitations. It was liRited to
prodUCing RPG reports and hod no data base capabilities. In
addition, the voluRe of data was not sufficient for
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~n~lysiS. As d result, there were no useful precedents for
st~tistic~l inquiry ~nd analysiS.

With the growth in d~t~ voluAeJ ~s well as the desire to
perfor~ statistical analyses and to "ake the data available
for anal~sis via reftote terMinal, a hardware and software
ev~luation was conducted of available s~steAs in the
$100-150K price range. The HP3000 was selected as the best
s~steA in that price range. Selection was based on ease of
use, ~ulti-lingual cap~bilities, and data base ManageAent
software in a tifte-shared and batch oriented systeA.
HSCIDRC's data proceSSing faCilities are outlined in
AppendiX 2.

We elected to use I"AGE and, at least initially, QUERV. For
our beginning efforts at inquiry into the data base and to
check our conversion, QUERY was, to say the least, very
handy to have. Hoyever, in establishing HSCIORC's data
bases under the HP-3000 IMAGE data ManageMent f~cil ity, it
was obVious that the HP QUERY prograA, although a good
general appro~ch to on-line inqUiry, w~s not adequate for
our needs. As Q result, HSCIDRC COAputer SerVices undertook
to deSign and iftple~ent Q full function prograA that would
serve all of our data b~ses and p~ovide efficient
interactive access to the data With our speCial needs for
security, ease of use, and statistical analySiS in Rind.
INQUIRY is the result of that effort.

In order to better cOftprehend HSCIDRC's data base ftanageftent
needsl let's exa~ine the data base structure.

DATA BASE ORGANIZATION

HSCIDRC's data base structure was deSigned to antiCipate the
need for Q variety of pOSSible access ~odes. The present
scheAa structure is outlined in Figures 5 ~ 6. Bec~us~ the
scheAa was deSigned to allow use of QUERV, certain
inefficiencies (which fta~ be obViOUS to the experienced
HP3000 user) were introduced. We will address these ~spects

at a later pOint.

We utilized Autoftatic "asters because we anticip~ted access
to the data base froft Q variety of directions: patient
nUftber, center, nUAber of hospitalizations, anniversary
year, etc. We have learned fro~ experience that the only
"asters we need are File-ke~ (center, patient nu~ber and
anniversary year, cORbined) and Center. The reason for thiS
is that data is generally selected on the basis of ~

COftbination of logic~l selection criteria applied to several
different variables or data iteAs.
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At HSCIDRC, the data bases are accessed in one of the
folloWing waysl

• Seri~l, by priftar~ dat~set

• Chained re~d, by Center
• CalculGt~d read, by File-key.

INQUIRV utilizes the three Aethods above, plus directed read.

RETRIEYAL REQUIRE"ENTS VERSUS QUERV

A brief look at the features of HP's QUERV prograA is
appropriate here. These features ore as follows:

• Interactive English-language coftftands, like FIND
and LIST

* Single datu set access

• COftftand features such ast
Find cOftRond accesses Qn~ Single data set for
selection of data by logical cOAparisons
List cORAund, ~ith access Siftilar to Find,
produces coluftnar listings of deSired
yariablesJ SOAe coluRn headings will be
truncated
Report cOA~ond allows fleXible output report
forAats, Including sorted detailsl coluAn
tot~lsl and register Aanipulation (calculate
averages, etc.)
Report cOAAonds Aay be repeated to display
other variables (but List AOy not)

* Update coftAand features:
Direct access to a particular variable by naAe
Add, replace or delete d data record
Glob~l replaceAent of a speCific variable

• Execute pre-written procedures for data selection,
reports, etc.

White we liked QUERY's English-like coftftand-driven style, we
reqUired ftultiple-d~taset access. We wanted to be able to
relate the entry forRs and variables to the datQsets so that
the user need not be concerned With data base structure.

We wanted Q List cOAftand that did softe si~ple, autOftatic
forAQtting, Without lOSing Vital header inforAQtion. Since
we were interested in statistical inqUiry, we wanted
eleAentQry statistics on all listed nUAeric fields.
Further, we wanted to be able to save d selected population
and to extract frOA the dAte bAse QS Q.sep~rQte file deSired
vQriables based on the subset popul~tion.
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Uhile QUERY Aust create nn internnl "tag" file of painters
to selected dnta, it is probnbly in an extra. do.tn segftent.
I n any cQ.se lit ca.nnot be sa.ved I nor is it a.ccess i b 1e to the
user.

In addition, QUERY provides no siRple Rea.ns of crenting nn
output disk file of selected variables froA the subset
populntion. The listing file co.n be equntedl but th~t is 0.

ftessy o.nd undesirQble worka.round, po.rticulnrly for the
unsophisticnted user.

DESIGN OF THE INQUIRY PROGRAM

The following outline SUR"arizes the fentures of the INQUIRY
progrcu.. :

* "ultiple data. set nccess

* EDITable directory file conta.ins indices to relate
do.ta sets, forRs, and groups of vo.rinblesJ output
forfta.ts for the List function; field type a.nd
position for the Find function

* Selection of vo.riables by nURber as on the do.to.
entry for",s

* CORRand features such o.S:
Find coftfto.nd o.ccesses 0.11 dntn sets in the
speCified forA
Find co.n pseudo-cho.in across forA bounda.riesl
tho. tis, it co.n o.ccess both ForA 2 Clnd its
corresponding ForA 1.
Find co.n loco.te cases of Aultiple occurrences
of 0. vo.lue (e.g. those po.tients With 2 SpinQl
fusion operations)
Find o.llows use of parenthetic notQtionJ
F HATLt Yl04 < 7 AND &

(Y120=- 030" oce 2 OR Y130=" 030" OCC 2)
Teftporary To.g files creo.ted by the Find coft"nnd
define the popul~tion and "ay be so.ved nnd
later reco.lled o.s r~quired; both POSitive o.nd
optiOno.l negative togfiles co.n be created
List cOR~o.ndl With o.ccess si~ilQr to Find,
produces neo.t coluMnnr listings of desired
variQbl.sJ for nu~eric variablesl produces
ele",ento.r~ statistics o.t the end of the list;
deto.ils Ro.y optiono.ll~ be sorted, or
suppressed; variables "Q~ be decoded thru
autofto.tic tabular look-Up for Rore readable
listings
List o.nd Output File cO~"Qnds "Qy be repented
to disploy other v4ri~bles froA the sa"e
population, o.nd subsets froR the populo.tion "ay
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be List&d or Output to a File vin the IF option
which allows further selection froft the
-tagged- population
Output File Any contoin up to 20 vQriables and
is COApatible ~ith the input require~ents of
SPSS and LISA, statistical packages available
on the systeA
Frequency cOA~Qnd produces Q table of
frequenCies, cUAulative frequencies, and cell
counts, olong with statistical totals.
TransforA function allows creation of a
pseudo-variable for use in List, Frequency, ~nd

Output File cOAAands .

• Execute froft a cOAAond file

The relating of datasets, forfts Gnd variables was solved by
the use of a driver directory fi Ie. All access to the data
bases uses the directory file indices which are
core-resident, except for the variable descriptors' portion
which, because of its size, is accessed by a binary-senrch
routine.

The use of a private directory file as a driver has ftany
iftportant i"plications. The data base Aay utilize
Single-byte fields, odd-length fields, ftultiple-occurring
fields. Fields ~QY be redefined. Thus Q date ~QY be
accessed in its entirety as VVMHDD, or just the year QS VV,
while occupying only 6 b~tes of sp~ce. The onl~ liftitation
on redefinition is th~t search-keys Rust be uniquel~

defined, ~lthough even they A~Y be rede~ined for purposes of
data Aanipulation wi~hin the progr4~. The directory file is
not Q priVileged file and is qUite separate froA the d~ta

bose. Therefore, it Ray be edited and "odified as reqUired
Without necess~rily affecting the data base or its scheftQ.

Because INQUIRY is deSigned for use by relatively
unsophisticated users who are faftiliar With the forfts and
the patient data - but not data bases or progrnAs - it
aSSUftes ~ set of operational def~utts. These defaults "ay
be over-ridden by a siRple cOft~and. ARong the defaulted
options are: choice of single- or dOUble-spaced listings,
-nOiSy- or -qUiet- Rode (in which various ftessages are
suppressed for the experienced user), and a lookup feature
in whiCh coded data is decoded for "ore re~dable listings
(e.g. sex code of 2 becoRes QFeftale-).

All co""ands are accepted in both full English as well as
shorthand, e.g. -FIND- or SiAply 8F-. SiRple error ftessoges
and help ftessag.s are prOVided. Syntax is entirely
fr.e-forR, With continuation lines and Rultiple co""ands on
a Single line allowed.
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A CLOSER LOOK AT THE INQUIRY PROGRAM

INQUIRY is written in ftodular fashion in COBOL. While not
strictly structured, it is function~lly top-down in design.
Although a large prograAI it has been carefully designed to
AiniAize swapping Qnd ftQxiftize execution efficiency. Its
stack size of 3000 is necessary priftarily because of an
integral sort stateftent. PrograA segMents responsible for
the d~ta base 1/0 are self-contained so that no segnent
transfer t~kes place until it has cOftpteted its task. As ~n

exaftple, the Find coftftand is set up in one segnent and
executed in a second s~gftent Which retains cOAplete control
until that coftAand is finished.

Data base 1/0 transfers are perforfted in ·oll-iteAs· (i.e.
full record) ftode. The extraction of bytes is perforRed
entirely by the prograR rather than by IMAGE intrinsics.
This is the key to the odd-length field accessJ and the
ability to handle Auttiple occurrences.

USING INQUIRY IN THE ANALYTICAL PROCESS

In practice, INQUIRY con be used to peruse the data base or
to extroct 0 dota Aatrix to test a tentative hypotheSiS.
The user Will usually save his tag file which contains
binary record pOinters to the population selected. These
pOinters dre used to perforA dir~cted reads in I"AGE. If
the user should deCide to extract a second group of dQtn
iteRsl the tag file previousl~ created provides rapid access
to the SQfte populotion. Figure 7 outlines the basic inqUiry
ond Qnalysis flow.

INQUIRY can be used interactively, although it is often "ore
appropriate to create a StreQA file for batch execution and
return later for the results. ThiS is because the tiRe
between responses to user cOAftQnds "Qy range froA a few
seconds to several Ainutes, depending upon the ~ccess Rode,
nuftber of datasets and records accessed, ond the overall
systeA lood at the tifte.

A sQftple Job streoR With annotations is shown in Figure 8.
A sQAple listing and frequency table are shown in Figures 9
and 10.

Our user base is spread over the United States ond thus
connect tiRe and telephone chorges con be expensive for SORe
users. We have established alternote ftethods for the user
With locol analytical capabilities. The user can run
INQUIRY and create a dota Rotrix of selected vQriables frOA
o tagged population. He AOy then elect to use SPSS or LISA
on the HSCIDRC HP3000.
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!dOB "ARTV.JEWEL/PASS
!RUH IHQUIRV."ARTY.dEHEL
B HATl;" A TJM QUI;OL

specify which dnt~ ba,se; ~ccess

a.ll da.ta.; creCLte a. ta.g file;
use -quieta node; output to the
line printer

F HATlI YI03=1 AHD Y132D<5 (Y119=7070 OR V129=7070)
in ForA 1, select p~tients Aeeting
certain criteri~

FR VI07 IS'S SORETAG
creCLte CL frequency ta.ble of vCLria.ble
YI07 (uge) in 15-year groups;
suve the tag file CLS SORETAG

T COST77
recCLll a previously saved ta.g file

TRAN Y161+Y166T
estCLblish an equCLtion for a.
ps.udo-v~riCLble (tra.nsforMa.tion)

LT YI61 VI6'T TRAN
List tota.ls only for the va.ria.bles
shown, including the pseudo
YCLria.ble, TRAN

TRAN VI60+Y164+Yt6'T+Y170T
LT Y160 Y164 Vt6'T Y170T TRAN Y172
OF CST"ATRX Y161 Y162 V163 Y166T VI67T &

Yl68T TRAN V172 Y132D VI03
creCLte CLn Output File ca.Iled
CST"ATRX contdining 10 Vdria.bles
Q.s coluRnsl ea.ch pa.t.ient being
represented Q.S d rowJ froA the
POpulCLtion given by ta.g file
COST77, -,- ftea.ns continua.tion

E
!EOJ

Figure 8.

If the user has Q. terftinQ.l with Q. loca.l stora.ge ca.pa.bility
(i .e. ta.pe cartridge, diskette, etc.), the user ca.n siAply
use FCOPV to transfer the dat~ Aatrix to his terAina.l
storage AediuR. Then the user can di~l hiS loca.1 CORputing
faCility and feed in the d4ta for sta.tistic41 a.nnlysis.

For the user whose tiRe constra.ints a.re ftore fleXible, or
who requires Q. large qua.ntity of dotQ, the data. ftatrix (or
the entire RegiOnQI Center data) can be duftped to a ftagnetic
tQ.pe and Roiled to the Center.
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SELECTED CASES
AS AN EXAI1PLE

132D 108 109 131
NEUR I"PAIR SEX RACE DAVS I NJ URY

DISCH

Para Co ftp 1 Feftale Caucasian 96
Paro. Coftpl Fe"ale Latin AAer. 111
Pa.ro. Coftpl "a 1e After. Indio.n 112
Para COI'lP 1 Male Caucasian 58
Paro. Co ftP 1 "ate Co.uCo.sian 69
Paro. COApt Mo.le Co.uCo.sia.n 97
Paro. Co "p 1 "a 1e Co.uCo.sio.n 99
Po.ro. Coftpl "ale Co.ucasian 157
Para Coftpl "o.le Co.ucasian 167
Paro. COftp I "ale Lo.tin After. 126
Paro. Incoftp Fefto.le Caucasian 90
Para Incoftp Fe"o.le Caucasian 135
Paro. Incoftp "0.119 Caucasian 111
Para IncoAp Mate Latin After. 132
Quo.d COAp 1 FePaale APaer. IndiCLn 153
Quad Co "p 1 Fe"ale After. Indian 216
Quad Coftpl "CLle Apter. Indio.n 132
Quo.d Co ftp 1 "o.le Co.ucQ,s CLn 154
Quad Co ftp I "ale Co.UCClS an 176
Quo.d Co ftp 1 Male Ca.UCo.s an 179
Quo.d COftp 1 Male Co.UCo.s an 189
Quo.d COftp 1 Male Cauco.s an 238
Quad Incoftp Fefto.le Ca.ucas o.n 127
Guo.d IncoAp Male AAer. ndian 133

READ =
19.2

SELECTED:
24

SUMS:
3257

"INI"U":
58

"AXIPlU":
238

RANGE:
180

"EAN:
135.70

srI> DEY:
43.89

SU" OF SQUARES:
486305

Figure 9.
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AGE AT INJURY
IN IS-YEAR GROUPS

107
AGE

COUNT =
31

CELL VALUE

0 TO 14
15 TO 29
30 TO 44
45 TO 59
60 TO 74
75 TO 89

SUMS:
973

"INItlU":
5

75
RANGE:

70
MEAN:

31.38
STI> DEY:

19.57
SUM OF SQUARES:

42031.00

110DE:

FREQUENCY

16.13
41.94
12.90
12.90
12.90
3.23

CUM. FREQ CELL COUNT

16.13 5
58.07 13
70.97 4
83.87 4
96.77 4

100.00 1

15 TO 29
MEDIAN:

26

Figure 10.
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THE FUTURE OF THE DATA BAS£

In the near future, we plan to reorganize the data base in
order to eliAinate the undesir~ble space-wasting aspects
Rentioned earlier. We esti"ate that the reorganization,
while lOSing SORe Coftpatibility With QUERV, will save
approXiAatet~ 13~ of the disk space currently used. In
addition, etiftinating the Coftfton dataset will reduce the
nuftber of accesses by 25 to 50 percent, depending upon the
variables accessed.

The reorganization wilt take into account:
• Odd-length fields
• Multiple-occurring fields
• Redefinition of fields, including search keys
• Eliftination of the COARon dataset bV

expansion of the ForR 1 and "ForA 2 datasets

Just how do we ptan to iRpteAent the reorganization? A
conversion progroA wilt write consolidated records to a
tape, eliAinating the CORRon dataset and the unnecessary
b~tes in various fields. Then we will purge the old data
base, create the new root fit@ and data base allocation. We
witt then sort the tape by file-kev and utilize nnother
specinl prograR to lo~d the datn base fro" ·the sorted tape.

Since we are dlso Aodif~ing the data base s~11abus

(definitions) and Qdding SOAe new variables, the converSion
prograft will have to translate softe data to new values.
This Will result in a sORewhdt Aore co~plex progra~J but
will dllow us to do the Job in Q Single pass.

The structure of the planned data base is shown in Figures
11 and 12 (coApare ~ith Figu~es 5 dnd 6).

Spinal cord injured p4tient ddta frOM eleven Regional SCI
Centers is SubAitted to the National Spinal Cord Injury DQta
Research Center in PhoenixJ Arizona. The dat~ is entered
into an I"AGE data base on HSCIDRC's Hewlett-Packard 3000
using custoft-designed software. The use of CYstOA software
for inqUiry and retrieval was necessnry in order to access
Aultiple datasets at one tiAe. It was 4150 needed to relate
entry forAS and variables to the data base structure for
user ease and convenience.

The INQUIRY progrQft prOVides eleftentary statistics as well
as the ability to save Q subset populdtion for later recall.
It Ray also be used to create nn data ftatrix as an output
file for further analYSiS. "
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An added Qdvant~ge of the INQUIRV prograA is the spdce
sav"ings which result froft freedoA froM the usu~\ liAitations
of the HP QUERY/3000 progrQA.
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AppendiX 1

The National Spinal Cord Injury Model Systefts' Project is
sponsored in part by the Rehabilitation Services
Adftinistrationl Departftent of health, Education Qnd Welfare.
The following are participating institutionSI

University of AlabaRQJ BirAingha~1 AL

Good SaftOritan Hospital - St. Joseph's Hospital;
Phoenix, AZ

Craig HospitalJ Denver, CO

Northwestern "eftoriol Hospital - Rehabilitation
Institute of Chicage; Chicago, IL

Boston UniverSity "edical Center; Boston, MA

UniverSity of "innesot~ Hospital' ",nneapolis, "H

Institute of Rehabilitation "edicin., New York
UniverSity; Hew York, NY

Texas Institute for Rehabilitation and Research,
Baylor UniverSity; Houston, TX

Woodrow Wilson Rehabilitation CenterJ FisherSVille, VA

UniverSity of Virginia; Charlottesville, VA

UniverSity of WashingtonJ Seattle, WA

A-13.22



Appendix 2

N SCI D R C

The National Spinal Cord Injury Data Center

Data Processing Facilities

Console

200 LPM
Printer

HP-3000
Series II

Model 5
256 Kbytes

.
User Terminals

(up to 15)

Software Support:

Languages: COBOL, FORTRAN, BASIC, SPL (extended ALGOL)

Data Base Facilities: IMAGE (data management system)
QUERY (inquiry and reporting)

Libraries: DEL (Data Entry Library)
Scientific Library

Operating System: MPE III (Multi-Processing
Executive III)
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