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AN INFOBMATION SYSTEM FOR EDUCATIONAL PLACEMENT
INTRODUCTION

The Kansas State University Career Planning and Placement Center pro-
vides service to students and alumni through its two major sections. One
section serves those individuals seeking employment in educational institu-
tions; the other serves those seeking employment in business, industry, and
government. This report describes the design of an information storage
and retrieval system to be used by the Educational Placement Section in
providing service to those persons seeking employment in the broad field of
education. With minor modifications the information system could provide
assistance to all individuals using the services of the Career Planning and

Placement Center.

EDUCATIONAL PLACEMENT DATA PROBLEM

The Educational Placement Section serves as a focal point for persons
seeking employment in education and for educational institutions and busi-
nesses seeking employees. In performing its function a variety of detailed
information must be maintained on job candidates and employers. It was
determined that the most important function, and that function most diffi-
cult to continue using conventional data handling methods, was maintaining
information about the individuals seeking employment.

The Education candidate registers with the Educational Placement Sec-
tion usually during the fall semester. He provides a variety of infor-
mation on several different forms. Thus, when Placement Center personnel

desire information about job candidates, searches through the regis-




tration forms were necessary. The basic problem associated with Educational
Placement manual data handling operations was that they were inefficient and
inflexible. A more flexible approach to the problem was found in using in-
formation storage and retrieval techniques for handling required data. The
required information on job candidates would be readily available for rapid
retrieval and processing by automating portions of the information handling
problem. Summary information for yearly activity reports could also be
rapidly processed.

The approach taken to solve the problem uses a copy of the Admissions
and Records master enrollment tape which contains most of the basic infor-
mation necessary for Educational Placement registration. Use of this master
tape file reduces the registration procedure considerably. To register, the
registrant completes a single form which provides the Educational Placement
Section with the information concerning the level he wants to teach, his

areas of competence, and his location preference.

DESIGN IMPLEMENTATION

The information from the registration form is used with the information
taken from the Admissions and Records master tape to construct a master
Educational Placement record on a direct access storage file. If the regis-
trant is not presently enrolled at the University, he provides the necessary
master record information on the registration form. This information is
punched onto cards and entered into the system to complete the construction
of his master record.

Master Educational Placement file records are referenced indirectly
through the use of an associated file. Each entry in the associated file

consists of a social security number and the record number of the registrant's




master record within the master data file. The associated file is arranged
in ascending sequence by social security numbers. Retrieval of master re-
cord information for a registrant is rapidly accomplished by using his social
security number as the search argument in a binary search of the associated
file. When the desired social security number matches a social security
number in the file, the record number associated with the social security
number is used to enter the master file at the exact location of the desired
registrant information. Use of this retrieval technique does not require the
master data file to be in any particular arrangement.

Additional flexibility was achieved in the information system by using
two directory files. One directory contains coded information for teaching
competencies and types of organizations and functions. The other direc-
tory contains coded information for job location preferences. The regis-
trant provides the appropriate code numbers from the established Educatiomal
Placement codes when he completes his registration form.

Each directory entry consists of an abbreviation of the particular
entry name and a record number. The record number is a pointer to the last
master data file record entered in the system that used the entry.

In the teaching competencies, organizations and functions file, each
entry is referenced by a displacement in the file equal to its code number.
In the location preferences file, each entry is referenced by a displacement
computed from its code number.

The code numbers specified by the registrant are stored at specific
data areas in his master data record. Associated with each of his data
areas are two additional data areas which are used for backward and forward
chaining pointers. When a code is used in constructing a new master record,

the backward chain pointer in the record being constructed is set to point




to the previous record that used the code number. The forward chain pointer
in the record being created is set to zero. Since the directory for the

code number points to the previous record to use the code, that record is
retrieved and its forward chain pointer is set to point to the new record.
The directory entry for the code number is updated to point to the new record
just constructed. Thus, each record that uses a particular code number will
point to the previous record and the subsequent record that used the code
number.,

Retrieval of registrant information by code number can be accomplished
easily by entering the directory at a displacement determined by the code
number and getting the record number of the last record to use the code.

The retrieval is completed by traversing the backward chain pointers of
all the records using the code until the null pointer in the first record
is detected.

An example of the chaining technique is given in Fig. 1. In the exam-
ple three records used code number 100. Master data record number 593 was
the last record created. Before it was created, the directory record for
code 100 contained number 427 since that was the last record to use the
code (point A). The backward chain pointer in record 593 was set equal to
427 and the forward chain pointer was set equal to zero. Record 427 was
retrieved and its forward chain pointer was set to equal 593. The direc-
tory record was updated to indicate that record number 593 was the last re-
cord to use code number 100 (point B).

It is seen from the example that by entering the directory as shown
at point B, the retrieval of all the records that used the code number

100 can be easily accomplished.




POINT A - DIRECTORY RECQRDS

code last record to use this code

['100] 427

MASTER DATA FILE

code backward forward
pointer pointer

390 .... [100] O [ 427 |

.

427 .... [100] 390 | 593]

.

593 .... [ 100] 527 | 0 |}

POINT B - DIRECTORY RECORDS

code last record to use this code

{100] 593 ]

.

Figure 1. Chaining of data records for a coded directory entry.




DESCRIPTION OF DATA FILES

The information system was designed to use a total of four direct
access data files. These files are the master file (system name - TOTALREC
file), the associated file (system name ~ INDEXREC file), and the two direc-
tory files (system names - COMPORFN file and LOCRGDIR file). The system
also uses the Admissions and Records master tape file for initialization of
the TOTALREC and INDEXREC files.

The TOTALREC file format is shown in App. A. Each record in the file
is 320 bytes long. The first 164 bytes of each record contains the infor-
mation taken from the Admissions and Records master tape file or from punched
cards for an alumnus. The remainder of the file contains update informa-
tion taken from the Educational Placement registration form or optionally,
from the Kansas State University diploma receipt. This file contains infor-
mation for all students who have specified that they anticipate graduating
on or before the first of September of the next academic year. The file
has a capacity of 3400 records.

The INDEXREC file is created simultaneously with the TOTALREC file from
the Admissions and Records master tape file. This file contains an encoded
array of social security numbers and their corresponding record numbers in
the TOTALREC file. Each physical record in this file is 3520 bytes long,
and contains 440 encoded logical records. Each 8 bytes logical record
corresponds to an element of an incore array which must be dimensioned
(3400, 2) in the FORTRAN programs using this file. The array was blocked
for the direct access file to conserve file space.

The decoding procedure in a processing program begins by reading a

block of data from the file into an 880 byte working array. The odd num-




bered elements of the working array contain the social security numbers
while the even numbered elements contain the master file record numbers.

The social security numbers are put into the first dimension of each element
of a two-dimensional array (3400, 2) while the master file record numbers
are put into the second dimension of each element. Additional blocks are
read and decoding continues until a minus one (~1) is encountered in an
input block. This marks the logical end of the data and terminates the
decoding procedure. The social security numbers are maintained in the index
array in collating sequence to allow retrieval of their corresponding record
numbers using a binary search technique. When the program finishes processing
data the index array is encoded into 3520 byte blocks which are filed to the
INDEXREC file.

The two directory files, COMPORFN and LOCRGDIR, also contain encoded
array information. The COMPORFN file contains information for teaching
competencies, types of organizations, and functions. It was created by a
special program using the code numbers provided by the Educational Placement
Section. Each physical record of the file is 800 bytes long, and contains
25 encoded logical records. Each logical record contains 16 characters of
descriptive information and space for four(4) link variables. Each 32
byte logical record corresponds to an element of an in-core array which must
be dimensioned (1000, 8) in the FORTRAN programs using this file. The
array was blocked for the direct access file to conserve file space.

The decoding procedure is identical in function to that of the INDEX-
REC file. Blocks of data from the file are placed into a 200 element work-
ing array and the 32 byte logical records are moved into a successive array
elements. Processing continues until exactly 40 blocks of data have been

processed from the file.




In this array the first dimension corresponds to the code number for
the variables. The eight (8) positions in the second dimension provide for
descriptive information about each variables and link variable informationm.
The link variable is used to store the record number of the last record in
the master file (TOTALREC file) that used the directory entry. Although
four (4) link levels are provided in the design, only level one was used in
the initial programs. When the program finishes processing data the updated
array is blocked into 800 byte blocks which are written to the COMPORFN
file.

The LOCRGDIR file contains the information for location preferences.
It was created by the same program that created the COMPORFN file. Each
physical record of the file is 800 bytes long, and contains 50 encoded
logical records. Each logical record contains a four (4) character state
or regional abbreviation and space for three (3) link variables (only the
first was used in the initial programs). Each 16 byte logical record is
decoded into an in-core array which must be dimensioned (550, 4) in the
FORTRAN program using the file. Decoding of this array is similar to that
of the COMPORFN file. For this file only eleven (11) blocks of data are
processed from the file.

In this array the first dimension corresponds to the code numbers for
state and regional location preferences. The four (4) positions in the
second dimension provide space for descriptive information and link varia-
ble information. The link variable is used to store the record number of
the last record in the master (TOTALREC) file that used this location pre-
ference. The array is reblocked and written to the LOCRGDIR file when pro-

cessing is completed.




FILE INITIALIZATION

The direct access file space used by the data sets should be allocated
on the computing system as a separate job step. The separate allocation
avoids the necessity of changing job control cards on any subsequent pro-
grams.

All System/360 direct access data sets must be initialized using the
IBM supplied Basic Sequential Access Method (BSAM) before these data sets
can be processed in the direct access mode. The BSAM technique accesses
each record in the file sequentially starting with record number ome (1).
It marks the logical end of the data file with a unique record. Subsequent
accesses of the data on a properly initialized file can be made of any
record directly without regard to its physical sequence within the data
file. Any attempt to read or write directly to the file at a point beyond

the end of the logical data file will cause the program to terminate.

PROGRAMS FOR DATA FILES

CREATE Program

The master record file (TOTALREC) and the associated record file
(INDEXREC) were created simultaneously by the program named CREATE (Appen-
dix G). This program, written in the System/360 Assembler language, uses the
Admissions and Records master tape file and one card containing the maximum
graduation date of interest for inputs. The input card format has a two

digit numeric month code in columns 1-2, and the last two digits of the

year in columns 3-4.
The primary function of the CREATE program is to select parts of the

Admissions and Records data and convert the select parts from one byte
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character data to two (2) or four (4) byte integer data (e.g., the social
security number is converted from a nine (9) byte character field to a

four (4) byte binary field. The data conversion process creates a data
file which can be processed using unformatted FORTRAN input/output commands

DIRCREA Program

The competencies, organization, and functions file (COMPORFN) and the
location and regions file (LOCRGDIR) are initialized by the DIRCREA program
(Appendix H). This program, written in FORTRAN IV, uses the Educational
Placement codes for input. The actual code numbers are not stored in the
files, but are used to determine the relative position of the particular
data item within the files.

The input data for the COMPORFN file are punched onto cards using a
format of the first four (4) cards columns for the code number and the next
sixteen (16) card columns for a description of the data items (Figure 2).
Data items are punched one per card. The data cards are read into the pro-
gram in ascending order of code numbers. These data cards are put into a
one-dimensional array, each backward link element is initialized to zero and
the array is written unformatted in the COMPORFN file. A card with 1001
punched in card columns one through four marks the end of the data for this
file.

The input data for the locations and regions file, LOCRGDIR, are punched
onto cards using a format of the first four card columns for the code and
the next four card columns for an abbreviation of the location or region

(Figure 3).
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The data cards are read into the program in ascending order of code numbers.
These data are put into a one-dimensional array, each backward link element
is set to zero and the array is written unformatted in the LOCRGDIR file.

A card with 6001 punched in card columns one through four marks the end of
the data for this file.

FILEDEVL Program

The FILEDEVL program is used to update the TOTALREC file, the INDEXREC
file, the COMPORFN file, and the LOCRGDIR file. The updating of the TOTAL-
REC file falls into four categories: 'active' file establishment for stu-
dents, file activation for alumni, "inactive' file establishment for students,
and file inactivation. The updating of the COMPORFN file and LOCRGDIR file
consists of initializing their respective backward link arrays, changing
pointers in the arrays as appropriate for the TOTALREC update being done,
and rewritting the arrays to the data sets. The INDEXREC update involves
the addition of alumni social security numbers when appropriate.

The "active" file establishment for students procedure uses two (2)
data cards punched from the Educational Placement Registration Activation
Form. The input card formats are shown in App. D. In this updating pro-
cedure the TOTALREC record that is to be activated is retrieved, the back-
ward link pointers for the previous records to use the same competency,
teaching level and location preference backward links are set equal to this
record number, the file is marked as an active file, and it is rewritten in
the TOTALREC file. The saved links for the previous records are then used in
a procedure that retrieves each record specified, sets its forward link

equal to the record number of the activated record, and rewrites the record
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in the TOTALREC file. A message is then listed by the printer specifying
that the record for the individual has been activated.

The file activation for alumni procedure uses three (3) input data
cards punched from the Educational Placement Registration Form. The card
formats shown in App. E. This procedure uses a subroutine called ADD which
puts an alumnus' social security number in the proper position of the INDEX-
REC file and returns a vacant record location in the TOTALREC file. The
procedure then uses the same technique of setting backward and forward links
as the student file activation procedure. The alumnus record is subsequently
written in the vacant record position in the TOTALREC file.

The inactive file establishment procedure establishes a file for the
student who wishes to register, but is not actively seeking employment at
the time. The procedure uses one (1) input data card punched from the
Registration Form. The card format is shown in App. C.

This file activation process involves retrieving the student's record
from the TOTALREC file, marking it as a registered-inactive file, setting
a code indicating his immediate plans, and rewritting the record in the
TOTALREC file. No backward links or forward links are set for this type
of file activation.

The file inactivation procedure uses one (1) input data card punched
from the registration form. The card format is shown in App. B.

The file inactivation process involves retrieving the student's or
alumnus' record from the TOTALREC file, saving the backward and forward
links in the record, marking the file inactive, and setting a code indica-
ting his immediate plans.

The record is then rewritten in the TOTALREC file. The procedure re-

moves the inactivated record from the backward and forward link chains by
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setting the forward link of its backward link equal to its forward link and
by setting the backward link of its forward link equal to its backward link.
Thus, the chain of active records is maintained leaving the inactivated

record intact in the master file for further data processing.

CONCLUSIONS

The basic design of the information system was used to expedite the
retrieval of information by the use of linked variables. This eliminates a
sequential search through all the records in the master file in order to
retrieve all the individuals interested in a particular teaching field or
location. This type of retrieval involves simply traversing the backward
link chain starting from the last record number that used the data item of
interest.

Another important consideration for utilizing this file structure is
the ease with which new records can be inserted and old records can be
deleted from the active file.

The information system provides the Educational Placement Section with
the means of maintaining a data base of registrant information on a direct
access device in compact data files. Retrieval of the data may be accom-—
plished using any higher level programming language having an unformatted

input/output feature.
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Appendix A.

VARIABLE
RWSSN
RWNAME (5)
DOB(3)
NUMCUR
RWALCU
SCHOOL
CLASS

RESCOD

PLTEA

PLGRAD

REGPC

RWZIP
DATGRA(Z)
RWCIT
VET
SEXMAR
RWLPHO(2)
RWLADR(5)
RWLCS (5)
RWLZIP

RWPAD(5)
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TOTALREC Record Variable List

MODE
14
5A4
312
12
Ab
12
12

I2

I2

12

I2

I4
212
A4
12
12
2A4
544
SA4
14

SAL

DESCRIPTION

Social Security Number

Registrant's Name

Registrant's date of birth

Numeric code for Registrant's curriculum (A & R code)
Alpha code for Registrant's curriculum (A & R code)
Numeric code for Registrant's school (A & R code)
Numeric code for Registrant's class (A & R code)

Numeric code for Registrant's residence status
(A & R code)

Numeric code indicating Registrant's plans to teach
1l - yes, 2 - no, 3 - undecided

Numeric code indicating Registrant's plans to attend
graduate school, 1 - yes, 2 - no, 3 - undecided

Numeric code indicating that Registrant has registered
at the Placement Center, 1 - yes, 2 - no

Registrant's permanent address, zip code
Registrant's anticipated graduation date
Registrant's citizenship

Registrant's veteran status (A & R code)
Registrant's sex and marital code (A & R code)
Registrant's local phone number

Registrant's local address (street or box number)
Registrant's local address (city/state)
Registrant’s local zip code

Registrant's permanent address (street or box number)
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RWPCS (5) 5A4% Registrant's permanent address (city/state)
RWPHON(2) 2A4 Registrant's permanent phone number
TYPCRG 12 Registrant's type of Placement Center Registration
(0 - none, 1 - Educational Placement, 2 - B & I,
3 - Both)
FILCOD 12 Type of file code (1 - actively seeking employment,

2 - alumnus seeking employment, 3 - inactive file,
4 - registered-not actively seeking employment)

TEALV1(3) 312 First Teaching Level
TEALVI(1) - Lewvel Code
TEALVI(2) - Backward link to previous record with
same level 1 code
TEALVI(3) - Forward link to next record with same
level 1 code

TEALVZ (3) 312 Second Teaching Level
TEALV2(l) - Level code
TEALV2(2) - Backward link (not presently used)
TEALV2(3) - Forward link (not presently used)

MAJARA(3) 311 First Competency
MAJARA(1) - Competency code
MAJARA(2) - Backward link to previous record with
same first competency code
MAJARA(3) - Forward link to next record with same
first competency code

SUPFD1(3) 312 Supporting competency one
SUPFD(1l) - Competency code
SUPFD(2) - Backward link (not presently used)
SUPFD(3) - Forward link (not presently used)

SUPFD2 (3) 312 Supporting competency two
SUPFD2(1) - Competency code
SUPFD2(2) - Backward link (not presently used)
SUPFD2(3) - Forward link (not presently used)

SUPFD3(3) 312 Support competency three
SUPFD3(1) - Competency code
SUPFD3(2) - Backward link (not presently used)
SUPFD3(3) - Forward link (not presently used)

LOCPR1(3) 312 Location preference one
LOCPR1(1) - Location preference code
LOCPR1(2) - Backward link to previous record with
the same location preference code
LOCPR1(3) - Forward link to next record with the
same location preference code




LOCPR2(3)

LOCPR3(3)

LOPRCD

MUSTCS

AVAIL

HWCOMB

MINSAL

DGYR

YREXPR(3)

POGRPL

INEMPL (4)

INPOSI(3)

INADDR(5)

INSALY

312

312

I2

4A4L

I2

I2

12

12

312

12

4AL

3A4

5A4

14
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Location preference two

LOCPR2(1) - Location preference code

LOCPR2(2) - Backward link (not presently used)
LOCPR2(3) - Forward link (not presently used)

Location preference three

LOCPR3(1) - Location preference code

LOCPR3(2) - Backward link (not presently used)
LOCPR3(3) -~ Forward link (not presently used)

Location preference code
(0 - no preference, 1 - a necessity, 2 - strong
preference, 3 -~ preference)

City/state for "l1" location preference

Date available code
(1 - December, 2 - Jan-Feb, 3 - Jun-July,
4 - Aug-Sept)

Husband-Wife teaching combination code
(1 - yes, 2 = no)

Minimum salary acceptable - $100's

Degree and year awarded code (highest award)
(1_ _ Bachelor's, 2_ _ Master's,

3 _ Master's + 30, 4 _ Doctorate's

Blank space will contain the last two digit of
the year the degree was awarded)

Years of employment experience

YREXPR(1) - Years of teaching experience

YREXPR(2) - Years of education administration exper-
ience

YREXPR(3) - Years of non~education experience

Post Graduation Plans
(Code 0 - Code 7 --Diploma Receipt,
Code 8 - seeking non-education employment)

Employer (from diploma receipt, inactivate card,
or registered-inactive card)

Position (from diploma receipt, inactivate card, or
registered-inactive card)

Address of employer (from diploma receipt, inactive
card, or registered-inactive card)

Starting Salary (from diploma receipt, inactivate
card, or registered-inactive card)




INMOSR

EDEMPL(3)

12

312
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Months of service for which the starting salary is
received

Educational Employment Information

EDEMPL(1) - Level code

EDEMPL(2) - Years of education experience code
EDEMPL(3) - Return to former position code




Appendix B.
Card
Column
1-4

5-13
14

15 - 19

20 - 21

22 - 37

38 - 49

50 - 69

Inactivation Input Card Format for FILEDEVL Program

FORTRAN Program

Mode Variable Description

A4 INCHAR Card Identifier — INAC

14 INSSN Social Security Number

I4 INCODE Post Graduation Plans Code

(From KSU Diploma Receipt)

I4 INSALY Salary for Job Accepted

12 INMOSR Months

4A4 INEMPL Employer

3A4 INPOSI Position Accepted

5A4 INADDR City/State of Employment

21
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Appendix C.

Registered - Inactive Input Card format for
FILEDEVL Program

Card FORTRAN Program
Colum Mode Variable Description
1-4 A4 INCHHR Card Identifier - RIN4
5-13 I4 INSSN Social Security Number
14 I4 INCODE Post Graduation Plans Code
(From KSU Diploma Receipt)
15 - 19 14 INSALY Salary for Job Accepted
20 - 21 I2 INMOSR Months of Service for Salary
22 - 37 4A4 INEMPL Employer
38 - 49 3A4 INPOSI Position Accepted

50 - 69 5A4 INADOR City/State of Employment




Appendix D.

Card 1.

Card
Column

5 - 24
25 - 33
34
35 - 40
41 - 60

61 - 80

19 - 21

22 - 27

28

29 - 31

32

23

File Activation Input Card Formats for FILEDEVL Program.
(Each file activation requires the two card set as described)

Card Identifier - ACTV

Registrant's Social Security Number

Local Street Address

Card Identifier - ACTV

Degree & Year Awarded
(See DGYR description, App. A)

Employment Experience
(See YREXPR description, App. A)

Husband-Wife Teaching Combination Code

Minimum Salary Acceptable - $100's

FORTRAN Program

Mode Variable Description

A4 INCHAR

5A4 INAME Registrant's Name
14 INSSN

12 INSEX Sex of Registrant
312 INDOB Date of Birth

S5A4 INADDR

5A4 INCTYS Local City/State
FORTRAN Program

Mode Variable Description

A4 INCHAR

14 INZIP Local ZIP Code
2A4 INLPHN Local Phone Number
L2 INMAR Marital Status

12 INDGYR

312 INYREX

12 INHSWF

(1 - yes, 2 - no)

I2 INMINS

12 INAVIL

Date Available Code (1 - Dec, 2 - Jan-Feb,
3 - Jun-Jul, 4 - Aug-Sep)




