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TFOREWORD

This investigation began as an investigation of administrative
data systems in education, with the aim of designing computerized
systems which would facilitate such administration, and also provide
data for research purposes. As we progressed, however, several points
became apparent. First, it was apparent that the principal problems
in schools did not arise from the current organization of data systems,
and would not be solved by the introduction of conmputerized systems.
Minor gains might be made, but thic seemed hardly sufficient to warrant
devotion of staff attention and educational resources to such computer-
ization. There have been a number of projects involving computerization
of administrative functions, some of which are reviewed in Section II.
These have often been mildly successful, but they seem not to have
brought important benefits to school functioning, with the exception
of possibly better student scheduling than when schedules are made
by hand,

Second, at one point in the investigation, it became clear that
the greatest value of such computerized systems would occur in
extremely large school districts, in which the number of students
and staff are so large as to overwhelm the administrative mechanism.

It became apparent that automated data systems in these districts
might merely allow an already depersonalized system to become more
so, and to grow into even larger units through amalgamation (with
the amalgamation sometimes justified in terms of "administrative
efficiency," and sometimes justified to spread capital costs of
computer administrative equipment}.

Third, our aim of "providing data for research purposes"
seemed also somewhat irrelevant to school functioning. Few research
results ever find their way back to school districts and schools
to affcct decisions. Their principal destination 1s scholarly
publication, and they often remain there.

In reaction to these points, there emerged a different conception

of data systems in education, and of the educational aysicm generally.
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This is the conception of many parties with legitimate interests

in education, both within the formal organization of school districts,
and outside, and of an information system that would aid the decisions
of these various iInterested parties. The resulting conception

and design is one which bears little similarity to management
information systems that are designed tc serve thn needs of an
hierarchical organization., It is explicitly designed as an in-
formation system for multiple users, from parents ahd children to
legislators, and including persons in the organizational structure

of schools, from teachers to superintendents. 1t is designed for

the emerging pluralistic structure of American education, in which
all parties to education make responsiblec cholces; and it is d=signed
to aid in the emergence of such a pluralistic structure, and to aid

such responsible choice.

J.S.C. and N.L.K.
August 29, 1969
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I. A GENERAL OVERVIEW OF INFORMATION FOR EDUCATIONAL DECISIONS

INTRODUCTION

"This report presents an examination of data systems in education,
and provides a framework through which such data systems can provide
the basis for a powerful information bank to aid educational décisions.‘
In the past, records in schools have been maintained as physical files,
in a form which allowed easy access for the principal administrative
use to which the rccowd~ weve nut. As schools and school csvstems
have grown in size, however, the need for more efficient handling of
these records has become pressing, and many schools and school dis-
tricts are developing computerized data systems. '

With these computerized administrative data systems, it becomes
possible to use records for many purposes other than the principal
administrative use for which they are maintained. Because the records
are electronically rather than physically stored, they can be sorted,
agpregated, merged, and subjected to statistical data reduction in
many ways for many purposes.

In particular, such facilities make it possible to erase the
artificial distinction between administrative uses of information and
research or-evaluation uses. Administrative uses of information are
uses for decisions, ranging from decisions about individual cases to
general policy decisions. Research and evaluation in schools 1is also
carried out to ald in such decisions. However, with the artificial
distinction between administrative uses and research uses, necessitated
by past methods of record maintenance, research has ordinarily required
collection of apecial data on a "project" basis, at large costs and
with uncertain value for policy decisions. The opportunity created by
computerized data systems is an opportunity to integrate research uses
and administrative uses of information to aid in educational decisions
at all levels.

Apart from this opportunity created by tha change in technologpy,
there are two factors which create a pressure for broader uses of edu-
cational information than in the past. The firat is increased consumer

Sosd
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power in education, as parents and parent groups exert pressures for
release of information previously restricted to educational adminis-
trators. The second is increased focus on the outputs of education,
the actual performance of children, rather than solely the inputs of
resources into schools. These two factors togethcr are creaiing
increasing domand for broad evaluative uses of information that pre-
viously served only internal administrative uses in schools.

Problems exist in realizing this aim, however. First, the data
systems must be appropriately designed from the outset to bring the
power of the information to bear on educational decisions. There are
numerous kinds of declsions to be made, and the system must be designed
in cognizance of these different kinds of decisions. Second, there
arc problems of interests of different parties in education, and the
way information will be used to implement these interests. Information
is power, and access to information in educational data systems
affects the power of various parties to the educational process. Dif-
ferently designed systems will place information in the hands of dif-
ferent parties, and it is necessary to recognize the power implicatiomns
of differently designed systems. Third, there are numerous other
considerations in the design of computer data systems: cost, ease of
use, flexibili:y and adaptability to new uses; compatibility with
instructional uses of computers; and modularity of design to allow
incremental introduction of a new system.

This paper will focus on these problems in the design of educa-
tional data systems for administrative and research-evaluation purposes.
Because attention will be directed to the integration of administrative
uses of information and research-evaluétion uses, a number of important
aspects of computer usage in administration will be discussed very
little. Payroll calculation is a straightforward clerical task which
computers currently perform in some school districts. However, because
it is not a computer function related to administrative decisionmaking,
little attention will be paid to it.

THE INTERESTED PARTIES TO EDUCATION

To begin examination of data systems in education, it is perhaps
most useful to begin from the "wrong way round," identifying the
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interested pzarties and examining the intereéta of each and the kinds
of decisions of each. Only after this will we look at data systems in
schools as they currently exist and as they can come to exist under
existing computer technology. )

There are a number of interested parties in education who make
decisions that affect educational outcomes. For present purposes, it
is useful to distinguish the following interested parties: parent,
child, teacher, principal, superintendent, state government, federal
government, neglecting finer distinctions such as state education
department as distinct from state legislators. These different parties
are interested in different kinds of information -- in information
about performance of particular students, types of students, or stu-
dents in geneval; in information abowut effectiveness of particular pro-
grams (or curricula, teachers, or schools), or in effectiveness of
certain types of programs, curricula, teaghers and schools. Each has
an interest in access to certain kinds of information (for example,
parents have an interest in access to.information about the effective-
ness of a particular teacher ~r school), and each has an interest in
restricting access to certain information (for example, superinteadents
have an interest in restricting access to information on school~by-
school measures of student performance, or parents have an interest in -
restricting access to their child's measures 6f performance).

To gain some idea of the kinds of decisions that each party makes,
and the kind of information useful to him making these decisions, it
is useful first to describe the general class of decisions which con-

cern us here: dec!sions about the exposure of students *to possibly

effective educational environments. Within this class, some decisions

concern individual students, some concern students with particular
characteristics (teachers with high verbal skills, phonic reading
methods, schools with a given class size). and some concern general
student achievement apart from the specific environment. These classes
of decisions can be described by Table 1 which shows nine kinds of

information about performance.



Table 1

TYPES OF INFORMATION FOR USE IN EDUCATIONAL DECISIONMAKING

Performance by:

Individual Characteristics All

Students of Students Students
Particular
Environmént 1 2 3

‘_%.
Characteristics 4 5 6
of Environment
Independent of 7 8 ' °
Environment : ;
i |

In Table 1, the label '"particular environment' refers to a
specific case: a certain teacher, Jane Jones; a certain curriculum,
the PSSC physics curriculum; a certain school, P.S. 86. The label
"characteristics of environment" refers to variables that characterize
the educational environment: teacher characteristics, class size, etc.
A similar distinction concerning students exists between the first two
columns of the table. The cells represent given types of information
upon which decisions can be based. For example, information about the
performance of students with high initial achievement in physics, in a
physics course with the PSSC curriculum is information of type 2 in
the table.

The term "research" is ordinarily confined to information of types
5 and 6, showing effects of environmental characteristics on student
performance. "Evaluation" is sometimes used in the same way, but more
often refers to information of types 2 and 3: effectiveness of par-
ticular programs (often experimental or demonstration programs) on
performance of students in general, and the performance of varticular
groups of students (e.g., students with initially low reading scores).
What is important to recognize, however, is that these types of infor-

mation constltute only a fraction of the information on student
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performance necessary for educational decisions. Thus to focus on
research and evaluation as ordinarily defined, without initial atten-
tion to the types of decisions made by the various interested parties
artificlally restricts the frame of reference.

The decisions of state and federal governments in education are
decisions about funding types of programs, both in their impact on
students in general, and in their impact on students with particular
characteristics. For these decisions, they need information of tyhes
5 and 6 in the above table. Decisions of school boards and school
superintendents are also concerned with this general knowledge about
effects of types of school environments on students, but they are
also very much concerned with information of types 2 and 3. Their
decisions are a mixture of decisions about particular environments and
general types of environment. They are often decisions about whether
to continue a particular program, or a particular curriculum, whether
to make a given person a school principal; but they are also decisions
about whether to institute a program with given characteristics, what
types of teachers to hire, what kinds of physical facilities to con-
struct. The information they need for these latter types of decisions
(information of types 5 and 6) ordinarily transcends their districts,
for the information base in their district may not contain the relevant
experience.

Principals' decisions ordinarily concern particular programs,
particular teachers, particular teaching aids, so that the information
they need is of types 2 and 3: 1information about the effectiveness of
those particular learning environments in their school, information
which will help them decide whether to continue or to stop the program
in question. In some cases, their decisions concern individual students,
requiring information of types 1, 4, or 7, to decide on the dispesi-
tion of students who present special problems.

Teachers and counselors most often make decisions about individual
students, and require information on performance of individual students,
of types 1, 4, and 7. Counselors are also concerned with decisions
about the probable performance of certain tvpes of students in certain

types of environments, (e.g., what types of students perform best with



A

—f~

certain types of teachers), or what types of students are successful

in certain kinds of colleges), requiring information of type 5.
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in a particular environment {e.g., class discussiorn or class
projects, drill or games), for which information of type 2 is necessary.
More bLroadly, teachers also ueed informaticn of wypes 3, 6, and § as
a backgrouncd for planning everyday activities. This general informa-
tion is the sort that teachers get or should get during their training.

Parents and children are first of all interested in the individual
child's performance, information of type 7; but in making decisions
about what school to attend, what teacher to try to get, they need
information of types 1, 2, 3, and 4. Insofar as choices of parent and
child are expanded, through allowing a greater range of choices of
schedules and even of schools, information of types 5, 6, and 8 as
well 1s necessary for making these choices wisely.

From this assessment of decisions at varlcus levels, requiring
various types of information, it is clear rhat any data system which
would satisfy these needs must be both technically and administratively
complex. The technical complexity lies in the fact that raw performance
measures of students will not serve most 2f these information functions.
To know the effectiveness of educational environments for performance
requires detailed statistical analyses of the student performance under
different educational environments. The administrative complexity lies
in the questicn of control over and access to various types of infor-
mation. Information cannot be totally controlled at a given level
within the educational hierarchy, for it would become useful only for
those at that level; and it cannot be wholly contained within the school
organizations themselves, for it would be of no use to federal and
state governments or to parents and children. Tec obtain general infor-
mation of types 5, 6, and 8 requires information from many school
districts.

This examination of types of information and levels of decision-
making describes the dimensions of the problem. The next section
gives an overview of the characteristics of emerging computerized data

systems in schools and school districts. These data systems have on the
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whole been developed merely to antomate che existing uses of school
records, to aid school staff and admir.strators. But despite the
limited uses for which they have been designed, they constitute the
nucleus from which information systems to serve the various levels of

decisions described above can develop.
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II. SURVEY OF EXISTING FDUCATIONAL DATA SYSTEMS

The use of computers in educational administrative activities has
increased in the past few vears, but,relative to business and industry,
this speed of incorporation of computers has been slow. There are
several possible reasons for this. One could argue that the problems
in educational administration are somehow not amenable to computer

application. However, the procedures in educational administration have

many counterparts in business where computers are being uscd effectively.

A more plausible reason for the slow rate of computer infiltration
is that schonls are habitually and notorious'y short of funds. The
current fiscal crisis in the Los Angeles city system resulting in elimi-
nation of extra-curricular programs, is one cxample of the limitations
on budgets. Rental of a moderate size computer costs between
$2000-$4000 per month. This expense does not include salaries of pro-
grammers, key punch and other operators needed to support such a sys-
tem. This range of expenditure is very difficult tc justify unless
clear benefits result from it. (It is more difficult to "cost out"
the current manual way of record-keeping, since one would have to know
the percentage of time teachers or clerks spend on these activities
and what would be gained in other areas by freeing them from these
tasks.)

There is some resistance to the administrative uses of computers
by those who feel very keenly the anonymity and dehumanization of daily
life. Often the computer symbolizes this impersonal aspect of modem
life for many persons. (Recall the placard of a Berkeley student
striker which read, "I am a student, do not fold, bend or mutilate!™)
Education, as an enterprise wholly for and about humans, is particularly
sensitive to this concern. The introduction of a machine appears some-
how debasing to the enterprise as a whole, and out of place.

David Nasatir (9) in an examination of resistances to innovation
in education argues that the structure of American education makes
adoption of innovation in education very difficult. One important
function of the schools, he argues, is the socialization of ite stu-

dents and the inculeaticn of the broader goals of scclety. Sustaining
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and perpetuating a tradition gives the school a feeling of moral
righteousness about its activities. Therefore any attempts at change
made by an outsider, i.e., one not invested with this moral righteous-
ress, are likely to go unheeded.

However, Nasatir argues, the personnel currentlv within the svystem
are not likely to bring about drastic changes. Teachers are recruited
bv peoplc within the system, and thus selection of persons who will
preserve the system is most likely. TIr short, Nasatir concludes that
there are not many guod ways to break into the svstem, and thus is
pessimistic about the adoption of innovations by the schools.

In crposition to these obstacles, there are compelling forces at
work to bring about the incorporation of computers into education.

Some relief from the onerous task of maintaining the multitudinous
forms required in school administration is clearly needed. The volume
of data, the repetitive and time-consuming nature of many of these
tasks are factors pointing toward potential computer application. This
volume of data continues to grow with increased enrollments.

In addition, the schools are now maintaining types of infcrmation
not necessary in the past. The introduction of curricular changes and
attempts at nevw organizational patterns require keeping data to evaluate
the effectiveness of the programs.

The growth of interest and concern over the qualitv of education
has led to a demand for information from the schools. As one example,
pressure from local community sources is increasingiy inducing school
districts to publish school-by~school scores on standardized tests.
This need for data and procedures to evaluate the funcrioning of the
school systems is voiced by a variety of parties. Tax-payers, state
and federal governments want a good return on their investment;
researchers want data to learn about the school and learning process;
civil rights leaders want to demonstrate the inadequacies of inner-city
schools; majority parents want to know if the bussing in of minorities

is detrimental to their children.

1. PROCEDURES IN EXISTING DATA SYSTEMS

Information about current data systems comes from available litera-

ture and from interviews with school administrators of four school districts
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in the Los Angeles area. Table 2 identifies the projects surveved
and briefly describes each project. The numbers in parentheses in the
first row refier to items in the bibliography giving infeormation ahout

thr sverem dearribhed in that columm., Although administratis

achanl distrierie activirisa rhia aurvey concentratas excly
pupil personnel data systems. There are five major areas included in
pupil persommel systems: scheduling, attendance reporting, grade
reporting, standardized test reporting and master file maintenance.
The data bases maintained by the various districts for the pupil
perscnnel systems are very similar. Maintenance procedures differ,
however, according to the availability of types of data processing
equipment. Table 3 is a summary of procedures in use by the systems

surveyed, and ih2 pages below describe these procedures.

1.1. Scheduling

The process of matching subjects, students, instructors and class-
rooms within a school is called building the school schedule. For
secondary schools, there are currently three types of scheduling used
in American public schools: (1) class scheduling, in which each class
group 1s scheduled together, and remains as a class group throughout
all (or nearly ail) school classes for the semester or year; (2)
individual scheduling, in which each student follows a distinct
schedule, and has a different set of classmates for each class; and
(3) flexible scheduling, in which the school day is not arranged into
periods of equal and fixed length, but into smaller modules, with a
given class (say Fnglish literature) consisting of one or more con-
tiguous modules, which may differ in length and position among differ-
ent days of the weeks., Very few schools currently use flexible schedul-
ing; there are many that ugse individual scheduling and many that use
class scheduling.

At the elementary school, children in most schools have a single
teacher for all or most of the day. Consequently, at elementary levels,

scheduling is ordinarily done with relative ease,

[P
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The computer scheduling programs are designed to be used for
individual scheduling, altheough some may be used also for flexible
scheduling.

The construction of a schedule with the aid ot a computer may be
approached in several ways. A master schedule assigning rooms, teachers,
subjects and times may [irst be built and then studen*s may be scheduled
within that framework. Or, the subjects, instructors, classrooms and
students can simultaneously be considered in order to produce a school
schedule in one process.

Making the school schedule is a tedious and time-consuming task.

The school principal or other school administrator can easily spend at
least one month and as many as six months In drawing up the schedulec.

To reduce the time involved, several computer programs have been
developed to accomplish the sectioning or registering of students.
Meanwhile, several attempts have been begun to computerize the entire
scheduling procedure. In particular, work is being carried out at

M.I.T. and Stanford in this area. Since the majority of schools surveved
built a master schedule first and then scheduled students within that
framework, this is the organization presented in the discussion which

follows.

1.1.1. Master Scheduling

The master schedule designates the time, room number and teacher
for every course taught in the school. Drawing up the master schedule
requires matching teacher, room, and time constraints. There have
been attempts at entirely computerizing the formulation of the master
schedule. Due to the large numbers of input parameters, direct solu-
tion of the problem is not likely. Instead the computer simulates the
trial and error method of the human scheduler in arriving at possible
teacher-room-time student assignments. Although usage of such programs
is visible, the more widespread practice entails drawing up the master
and student schedules separately. For most school districts using the

computer In master scheduling, the computer provides guidelines for




e T

-1

the human scheduler and not rhe master schedule itself, 1Tn some
instances, student course requests and maximum course size data are
inputs to a program which then provides the number of sections needed
for each course. A print-nut of tie number of requests by all pairs of
courses is alss printed. With thls matrix it is possible to see rhat,
for examnle, thirty students who want to take senior archestra alsn

rant to tako

ot hesig

nh
ey

“er

.......... SUrCSE Can pro-
vent many potential conflicts in coustructici of the master schedule.
Uaing thesze guidelines, the human scheduler ther makes out the master
schedule. He writes the schedule onto a coding sheet for keypunching.
Each punched card contains the name of the course, the time and place

of meeting, the teacher's name and possibly any prerequisite courses.

A computer program reads in the master schedule and, as one output, prints
the schedule for each individual teacher. Then, if any teacher's

schedule is too heavily concentrated in on2 part of the day, the master
schedule can be adjusted in light of this fact. In summary, scheduling

iz still done by a person, with the computer providing useful guidelines

in its formulation.

1.1.2. Student Scheduling

L s

Student scheduling is the procedure which registers and schedules
students for courses offered by the school. This procedure occurs at
least once a year. and in school districts where course changes may
take place at rhe second semester, it occurs twice a year. The inputs
to student scheduling are the individual student course requests and
the school's master schedule. From this nrocess, each student receives
a schedule, each teacher obtains class rosters, and the central office
receives a master class schedule with names of students in each class.,

Student scheduling entails matching student course requests wich
the offerings of the master schedule. In elementary schools where the
students typically remain with the same teacher in the same classrooms
for all courses, manual systems are widely used. In this case students
are placed in homerooms and the schedule for all students in that room

is the same.

i,
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At the hiyh school level, many systems use either partially or
totally automated systems for scheduling. 1In both cases the students
receive either a mark sense card, or optical scan sheet, with their
name and 1 cctificacion code wmarked on it., On this docuwent, the stu-—
dent indicares his ecours  rror s lor the nevt vear. Tn one pastialily
automated system that was examined, the procedurcs which were followed are
tiiese: The registration card is prepared by counselor and studernt.
Meanwhile, class cards for available places in eac. course have been
prepared (automatically from the master schedule) and placed in bins.
To register a student in a particular course, a course card is removed
from the requested ceourse bir. Printing all the course cards and stu-
dent's identification card prov des the schedule for individual stu-
dents. Printing all the request cards filed for the particular course
provides the class roster.

Many systens use a partially autcemated system similar to the one
described above. There has, however, been a proliferation of computer
student scheduling programs in the past five vear. and many systems
have tried them out. The satisfaction wich the computer s :udent schedul-
ing appears nigh: in the four school districts we interviewed, only one
was unhappy enough with the results to abandon this method completely.
1f a school district does not hava2 its own computer, it either rents
time commercially for scheduling cr borrows time from some cooperating
computer center.

To use a computer scheduling program, the student requests and the
master schedule must be placed on machine readable documents. These
are then input to the stu.ent scheduling program which produces a
variety of outputs. Included are: (1) student conflicts, (2) individual
student schedules, -and {3) updated master schedule with the number of
students assiguned to each class.

Typically the first run produces conflict-free schedules for 90-
¢5 percent of rhe students. The human scheduler must then rearrange
the schedule to reduce these conflicts. Usually three iterations

through the program produces a satisfactory schedule.
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1.2, _ Attendance Reporting

Attendance reporting in seconaary schoole is ordinarily carried

Lomoron toachor wtha tranamits the namaec ~f ashecent cetudente
cogm teachoy whg trangmites the names oo aregent sethadents

to the attendance oi.icer. Masrer lists of absent students are then

hare., Talliee of numher of rimee ahaent are
recorded on a student's report card and in his permanent folder. Monthly
school-wide attendance reports are tallied for average daily attendance
reports to the state.

Tn addition, there are readmis:sion procedures to be followed after
a student's absence. In a typical procedure, upor bringing a note from
home explaining his absence, the student is readmitted to school. He
then takes a readmission slip to every class, to be signed by the class
teacher.

In one partially automated system that was surveved, at the begin-
ning of the vear each homercom teacher receives for each student expec-
ted in his home room an IBM card containing the student's name. When
a student is absent, the homercom teacher sends that student's card to
data processing where a master absentee list is printed and distributed
to tcachers.

The virtue of using a completely automated system is the elimina-
tion of the hand recording of both the daily and other attendance reports.
Daily attendance data for each scudent is automaticallv recorded in his
master file and from these data attendance profiles, irregular atten-

Aance reports, average daily attendance reports may be generated.

1.3, Grade Reporting

Every teacher gives grades and records results of tests for each
student in a gradebook. At certain intervals these grades are averaged
and reports of each student's progress sent to his parents and recorded
in his cumulative folder. Students may be ranked by their grade average:
special lists such as honor roll, incompletes, or failures may be made;
the distribution of prades given by each teacher may be provided.

In a manual system, each student's report card is cireculated to all

his teachers who record his grade for that class. This same grade
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information is hand posted in the student's cumulative folder either by
a hcmeroom teacher or a clerk.

Partially automated systems eliminate circulation of the grade
reports among teachers. Instead, each teacher marks the grade on a

machine-readable document, and returns these forms to the data processing
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5 graude reporis [rom hils teachers are collated and
his final report card is printed both on a report frem for his parents

r
and on a gummed label ¢

O

n Al mrtoo o ST
affi ts his cumurative folder.

o

In a completely asutomated system, the student answers his test
questions on a form which the computer can read. Test scoring and
recording of the grade are done by rhe computer which stores this infor-
maticn on tape or disk. From these data, ave.ages are calculated by
the computer, which periodically gives the teacher reports cn student
test averages. At report time, the teacher uses these reports from
the computer to assign grades to students for that reporting perioed.

The teacher reports grades on a machine-readable document as in the
partially automated system. (It is possible also to have grade reports
directly made by the computer from test averages, if the teacher pre-
fers that the grade depend solely on these.) The report cards for dis-
tribution to parents are then generated. At the same time the student's
macter file on tape is updated with these current grades. Several

special reports may optionally be available as part of the grade re-
porting process such as

(1) list of failures,
(2) 1ist of honor roll students,
(3) list of students with incompletes, and

{4) rank of students by grade point average.

1.4. Standardized Testing

Some state governments require that a standardized testing program
be carried ocut by each district in the state. Other states have a
testing program that is woluntary for districts. In addition, most
districts have thelr own standardized testing schedule, resulting In a
large number of tests to be scored, recorded and analyzed. Appendix C

contains the testing schedule for one of the school districts we interviewed.
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A manual system for standardized test reporting requires a human
grader to mark each item by comparing it with the scoring key. Scores
are accumulated and then recerded for each student. School-wide averages,
it obtained, would entail writing down and then summing all students’
scores. Such manual procedures are highly tedious, and lead to frequent
errois; thev are seldom used by districts.

The procedures for collecting and naintaining standardized test
data are very similar in the systems surveyed, which use nurtially
automated svstems. In this system, test packets containing the test
and answer sheet are distributed to each student. These auswer sheets
have the student's name and identification code precoded on them. After
test—taking, the tests are sent back to the test supplier for scoring
and recording. The results are supplied as

(1) gummed labels with individual student scoves,

(2) school averages, standard deviations, and

(3) district averages, standard Jdeviations.

The virtue of a completely automated system for standardized test
reporting is the accessibility of previous test reports so that over-
time comparisons become possible. Tests are administered and scored
in a manner similar to the semi-automated procedures. The results are
stored electronically as well as in the cumulative foldexr, thus per-
mitting the possibility of more easily retrieving and utilizing these

data.

1.5. Career and College Counseling

Frequently the information on which students base their post-high
school plans is obtained informally, in a non-systematic manner. The
high school does provide career and college information, through such

programs as ''career nights" or "college days'" in which representatives
talk to the students. Additiconally, job description pamphlets and
college catalogues are available for the students. In many schools,
post-college plans are discussed with counselors or in home rcoms
throughout college careers.

Counseling the student about his post-high school plans often

uses aptitude and interest tests. The scoring and recording of these
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tests is similar tv the procedure for standardized achievemer. test
reporting.

Currently, there are several projccts und~rway which are utilizing
computer assistaince In counseling., A central feature of these systems
is a computer librarv or data base of carecer and college information
along with methods for its retrieval. One career guidance system asks
the student about his interests and post-high school plans and then
lists poussible jobs matching his characteristics. Then the student may
request additional information about any of these jobs.

The College Entrance Examination Board is developing one such sys-
tem, called the Collcege locator Service, to give students information
on which to base their selection of a college.

Currently the student has very little data on which to decide which
college to attend. He may read what the college chooses to tell him in
its catalogue, or he may talk to students attending that college. On
the other hand, the colleges gain quite derailed information about
applicants from their high school records aund Cecllege Entrance Examina-
tion Board tests. A college locator service by providing substantive
informaticn about the college's performance, would help redress this imbal-

ance of information between the colleges and their applicants.

1.6, Master File Maintenance

The depository for the output of all these procedures is the student
master history file, called his cumulative record. Typically this record
is a manila folder with space allocated for recording grades, standard-
ized scores and background information of the student. State law may
require that such a folder be kept and specify the minimum contents of
this folder. Appendix B contains the California state law requirements
and an actual sample folder for a student at the end of high school.

Most school districts store this master file as a physical record
and manually update their students' master records. Thus attendance
data, names, and grades earned in courses are all manually transcribed
into the student's record. Some automation of the preparation of data

to be inserted in the record has been carried out. For instance, test

M A e & b st s
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Table 3

PUPIL PERSONNEL ADMINISTRATIVE ACTIVITIES CARRIED OUT BY SCHOOLS

ACTIVITY

OUTPUTS

PROCEDURE

PERSONS
INVOLVED
IN PREFA-
RATION

FREQUENCY

]
MASTER SCHEDULING

1. Teachier resgurces
2. Available ruoms
3. Student course requests

Master schedule with teach-
er, time, course, and room
assignments

1. Manual system
2. Partially automated
system
Computer or tab equip-
ment produces tallies of
student course requests,
potential course conflicts,
teacher—loading which may
be used as guides to human
scheduler.

Administrative school
personnel
Assistant principal

Once or twice yearly

2
STUDENT SCHEDULING

Haster schieduie
Student course requests

[

N

1. Class rosters by teacher

2. Individual student
requests

3. Master class schedule

1. Manual system
2., Partially automated

systcm

Computer or tab equip-
ment produces cards for each
class section. Counselors
schedule students and regis-
ter students by pulling class
card from tin or file. Stu-
dent cards printed to pro-
duce schedule,
3. Autcomated system

Student indicates ccurse
request on machine readable
document. Course requests
and master schedule are in-
put to computer scheduling
program which indicates con-
flicts (if any) and prints
student schedule.

Student, counselor,
data processing

Once or twice vearly
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ACTIVITY

INPUTS

ourePnTs

PROCEDURE

PERSONS
INVOLVED
IN PREPA-
RATION

FREQUENCY

Table 3

(Continued)
3

ATTENDANCL REPORTING

Class roster
. Absent students

™

Recording studants'
absence in teachers’
records

Z. Recording students’
absence in central office

3. Master list of absent

students

1. Manual system
Teacher sends absence

slip to office where master
list hand-posted. Teacher
records absences in gradebook.
2. Partially automated system

At beginning of semester
teacher receives pack of IBM
cards containing one card for
each student in class. If a
student is absent, his card is
sent to data processing where
master list o. absentees is
printed. Teacher records
absence in gradebook.
3. Automated system

Teacher records absence
on some machine-readable form,
student's file is updated
accordingly, tallies and
absentee lists are printed.

Teacher, attendance officer,
gtudent

Daily

4
GRADE REPQORTING

1. Class roster
Student grade

1. Report of students’
progress at various
time intervals
2. Ranking of students
by grades
3. Distribution of grades
by teacher
4. Special 1lists (honor
rolls, failures,
incompletes)
1. Manual system
Teacher records grades,
averages them and hand-posts
final grades on report cards,
cumulative folder and grade-
book.
2. Partially automated
system
Teacher marks grade on
machine-readabie document,
tab or computer reads and
prints report cards, gummed
labels. Labels affixed to
cumulative folder.

3. Automated system
Students record test
answers on machine-readable

document, computer scores,
records and averages grades,
prints report cards and up-
dates student cumulative
history file. Ranking, dis-
tribution of grades and any
special reports are produced
at time of update.

Teacher, data processing

Periodic within semester
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JUTPUTS

PROCEDURE

PERSONS
INVOLVED
IN PREPA-
RATION

FREQUENCY
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Table 3

(Continued)
5

STANDARDIZED TESTING

1. Names of all students in
schools
2. Test pacneis

1
2. Scoring of test
3 Recording results of tests
of individual students
4, Aggregating test scores
at school level
5. Evaluations

1. Manual system

Tests scored, recorded
and analyzed bv haund.
2. Partially automated system

Students record answers on
machine-readable decument, com—
puter scores, records tests,
for individual, aggregates
individual scores for school
averages. Individual records
updated by affixing gummed
labels.
3. Automated system

Test scoring, reporting

&
CAREER AND COLLEGE GUIDANCE

1. Student master file

2. Career and college infor-
mation

3. Interest and aptitude tests

4, Student guidance requests

1. Test results

2. Guildance information

1. Manual system
Partially automated system
Students record answers
to interest and aptitude tests
on machine-readable document.
Computer scores, records test
results.
3. Automated system

Computer ''data base' of
job and college information
along with methods for re-
trieval are made available
to student. The computer may
ask student about his inter-

(3%}

done by computer. Student cumu-ests and post-high school plans,
lative file updated with currentthen list jobs or colleges

test score, Achievement change
since previous test is charted.

Teacher, data processing

Once a year

fitting these categories.
Following this, student re-
quests additional information
about any of these jobs.

Counselor, teacher

Variable
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Table 3

{Continued)

4
i

MASTER FILE MATINTENANCE

1. Initial file data

2. Student master file

3. lpdates

1. New master file

2. Reports [rom master file
1. Selected student records

1. Manual system
Students cumulative folder

is updated manually.
2. DPartially automated system
Updates are prepared on tab
or computer, but are hand~posted
in cumulative folder.
3. Automated system
Updates are prepared on
computer and master file is
updated by computer.

Teacher, counselor, clerical staff,
data processing

Approximately twenty times/year



N

R ———

sceores are prinred by n compnter on gummed labels instead of being hand-
written. But Lhese same test scores still must he affixed to the cumu-
lative record, a manual process,

There are a few examples of master records stored electronically,
either on magnetic tape or disk. When the student's master file is
stored in this manner, updating his file becomes a part of the reporr

of rhe reaultoc of an aetiviry
Lo Lo regulti oI an aoplvify

zeneration prucess,  Hainual (ransaeription

(e.g. grade reporting, standardized testing) to the master file is

i

=
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iwminated, sivee the o
results of the activity are recorded. With a fully automated data sys-
tem, information is added to the student's folder as it becomes avail-
able, notr at the end of the year ¢ some other arbitrary update time.
Thus t'. student's folder always contains current information, and
accurately reflects the current status of the student. The cumulative
file, which in most schools at present is the depository of historical
information about the student, has the possibility of becoming the dara
base for continual monitoring of = student's progress.

One school district surveyed had placed the most recent seven
semesters of each studeat's cumulative record on a magnetic tape. Com—
puter programs were written to scan the tape for persons fitting par-
ticular characteristiecs -~ for imstsnce, location of all those junior
vear students who had not completed the health course requirement -— and
the list of persons satisfying this characteristic would be printed.

The district had not developed a general information retrieval system,

but wrete a new program to search for each specific characteristic,

2. Modes of Computer access

Nearly all the computer systems that currently exist in schools
operate with a central computer, located at a district or regional
office (or in rare cases, at a high school), to which jobs are submitted,
inserted in a schedule, and then run in scheduled sequence. However,
recent developments have allowed new modes of computer access, and it
1s useful to examine briefly the differences in mode of operation this

can allow.
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Ii is useiul Lo examine the various modes ot access to a computer
according to two dimensions: access may be either interactive or non-
interactive, and it may involve simultaneous 7ccess by more than one

user or exclusive access by a single usar. Table 4 classifiec computer

gyetams by thege tye dimensions,
Tablc 4
MODES OF COMPUTER ACCEsS
Non—-interactive Interactive
Simultaneous
M i~ B
access by ! ;:é;iamming Time-—
re than one ! ) sharin
mo ; remote batch g
user X e “_WI e e ]
Access by Ratch i Dedicated
one user processing i system
| S i

Non~interactive access means that the computer user and the com-~
puter do not have any two-way communication during the execution of
the user's program. The computer may print various data during execu-
tion, but the user has no way to interact with the computer at the
time of execution. Usually, none of the results of program execution
are seen until after the completion of exacution.

On the other hand, in an interactlve access system, the user and
program may have a great deal of communication during the execution of
the program. Such systems permit the user to monitor his program
during execution. In addition, the program may include points at which
he enters new data. For example, the user may enter a set of students'
grades 1n response to a computer request, and the computer immediately
adds these grades to prior grades and prints out the new grade averages
to the user. The important distinction between interactive and non-
interactive systems is the two-way communication that can occur during
program executlion in interactive systems.

The other variable used in classifying modes of computer access is

the number of users who have access at any one time.
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In many ~mput~r syctems, access to the computer is limited to
coe uscr at a time. The compufer belongs exclusively to this one user
during the execution of his program; other programs do not interrupt
its executien. In a non-interacti -e, one-user system or batch pro-
cnssing system, users typilcally ocbmit programe to a2 central computing
facilicty. Tnese jobs are run on the computer in an order establisned
by a computer job scheduler. The turnarnund time (time between job
subwlitial and job compictlon) may be minutes, hours, or longer, bhul Is
ordinarily measured in hours, and sometimes in days.

A one-user system can be interactive, as a dedicated system. VYor
instan-~e¢, while a program is in execution, the computer cperator can
display registers and alter contents of the computer.

Simultaneity of access refers to systems in which execution of one
program is interspersed wirh the execution of one or more other pro-
grams. The computer jumps from program to program, not performing
execution of one entire program as a unit, but executing portions of
many programs -- either to allow interactive capability to a number of
users as in time sharing, or to allow more efficient use of different
computer components, as in multi-programming. Although multiple user
access to the computer may be generally called time-sharing, the temrm
"time-sharing” has come to mean a time-shared computer with interactive
remote users. These definitions will be used in the discussion which
follows.

multiprogramming -- non-remote, non-interactive time sharing

time-sharing system -- remote, interactive time-sharing

remote batch -~ remote, non-interactive, non-time-sharing, or

time-sharing

In multi-programming systems, the users do not interact with their
program during its execution. Programs are submitted to a certral
computing facility where they are run and then retrieved by the user.
Swapping of execution of programs is done tc maximize machine efficiency.

Time-sharing systems are on the other hand interactive. The
user through the use of a teletypewriter or equivalent devics nas the
computer at his fingertips and may enter programs, compile them, edit
theﬁ, enter data, and receive output data. There is a central computer

to which the remote users are attached via phone lines and teletypewriters.
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The neer “calls’ the compater and then hepi: @ enteringe his propram or
data on the teletvpewriter.

Remote batch users arce linked to the computer via phone lines as

well,  Tnothic mede the remete uscr roquests that a job be run at sowe
iaver vime.  The ourpet may be rerurned to nim via messenpger, or through

his remote terminal, depending on the amount of output and the rapa-

pilivy of bils vtermioal., He does not interace with che program during

its exccution.

nril recently, computers were restricted to access bv one user.
Yven now, most computer installations operate in this mode. However,
rceent developments in computers and systems propramming have made
possible simultaneous access by many users, and with appropriate systems
programming, an interactive mode. A number of commercial services
now offer time-sharing aud remote bateh operation via telepheone lines,
with the remote user having a teletypewriter or card reader innut, and
teletypewriter or line prirter output.

A remote station with card reader input, priater output, inter-
active capahility chrough a typewriter, and magnetic tame and disk
file storage at the ceatral computer has effectively the essential
capabilities of the central computer directly accessible to him in
time and space.  Perhaps equallyv important, he has capital expenditures
only for his terminal cquipment, and pays computer cos' chrough user

charges,
3. IISTORIES QF THREE PROJECTS

3.1. California Total FEducatjon Information System (2, 3, 4)

The State Pilot Project in Education, carried out by the Richmond
Citv Schools under NDEA Title V grant in 1960-1963, was the first
phasc of a broad state program aimed at providing integrated data
processing in the state of California. Tt was principally a feasibility
study involving fleld testing of a pupil personnel package in five
school districts. The conclusions drawn were thar "many districes,

many schools, and many educators can get together and work out a
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successful data processing system. They can develop applications that
are not only feasible and workable but really efficient. . ." (4, p. 13

The second phasc called for establishment of two Regional Centers
i1 Sacramentv and Veniura, which were funded by the U
were orpainized to develop prototypes of computer programs for use at
regional data processing centers to be established later. By the com—
pletion of the project in Juae 1965, packages for scheduling, mark
reporting, attendance reporting, test scoring and reporting, and
guidarce counseling services were operational.

Using the promising results of theee two centers as guides, eight
additional centers vere funded in 1965 by the State Department of Edu-

cation and by a USOE Title III grant. In 1968 nine of the original

9).

ten plus three new centers were in operation. These centers are located

in Ventura, Sacramento, Fresno, Kern, San Mateo, Contra Costa, Sonoma,
San Francisco, Santa Clara, Riverside, San Diego and Los Anpeles (3, p.
The passage of Assembly Bi11 1610 (10) in 1968 provided for the
establishment of the California Educational Information System within
the Department of Education. The bill does not specifically state that
the regional centers will be responsible for the execution of the sys-—
L.m.  Presumably, they are the intended places for execution of such
A project.
Currently the only operational package at the regional centers is
the pupil personnel packape. The projected date for operation of the

business package is late 1969 (for further information, see reference

FEATURES OF THE PUPIL PERSONNEL SYSTEM

Six functions of this system are described briefly below:

3.1.1. Scheduling

The master schedule is prepared by a human scheauler with tallies
of stuaent course request providing him rough guidelines. From these
parameters and from teacher and room constraints, a master schedule is
prepared. The student requests and master schedule are inputs to the

scheduling program which attempts to schedule all students with the

8).

).
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minimum number of conflicta. The conflict list is printed and the
human scheduler must adjust the schedule in light of these problems.
Usually three passes through the program are needed to reduce the con-
flicta to acceptable proportion. Finmally, class rosters and individual
studeal schedules dre printed.

LR
D i

-

2. Altendance Accounting

Schoels maintain attendance repnorts on preprinted forms and send
these to the regional centers. From these forms individual student

attendance reports are generated and an analysis of irregular attendance

records is made.

3.1.3. Grade Reporting

Teachers record their students' grades and comments about per-
formance by checking a preassigned numeric code on a preprinted machine
readable form. Grade reports are generated and distributed to {1)
parents, and (2) (in the form of gummed labels) the students' cumula-
tive folders. A varilety of statistics are produced from these grades,
including distribution of marks for each class and teacher, and a

listing of students receiving failures and incompletes,

3.1.4. Standardized Test Reporting

There are four phases to the test reportring section.
(1) Preparation of test packet. Each student’'s name is prepunched

into his test answer cards and these cards are assembled with testing

materials.
(2) Scoring of tests.
(3) Recording and distributing test scores.

(4) Printing state-required tests results by district.

3.1.5. Guidance Counseling

A record may be produced for each student containing a summary of
courses, standardized test scores, grades, and earned credit. This

funetion is not available from all centers.
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3,1,6, Master File Mainrenance

This function creates and updates the student master file,
consequently it recefves and transmits data from all parts of the
system -— scheduling, attendance accownting, mark reporting, test
reporting, and guidance. A description of the contents of the school

student master file is given in Appendix A.

EQUIPMENT AT CENTERS

Type of FEquipment Number Installed

Honeywell 200
Honeywell 2200
IBM 360/30

IBM 360/40

NN =

Funding Arrangements

Most of the centers were begun with Title III funds. At least

three of the centers are heavily supported by county funds.

Approximate Cost Per Pupil

The range of prices charged by the regional centers to local dis-
tricts for the pupil personnel package is given in the table below

(reference 3, Tahle 7, page A-9).

Secondary Elementary
1967-68 1968-69 1967-68 1968-69
$2.50~-4.00 §2.90-4.67 $1.00-1.50 $1.25-1.75

These differences in prices are due somewhat to different services ~-
for instance, some centers did niet offer the guidance counseling pack-
age (function 6). The purpose in presenting these numbers is to give
a range of prices charged for the pupil personnel functionms.

The prices, however, refleci. only a portion of costs. The San

Diego Reglonal Center, for example, which charged a price of $3.00 per
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pupil at the secondary level in 1967-68 reports 19,000 pupils served
with an "approximate expenditure for pupil persomnel services' of
$159,000, or ¢8.37 per pupil (reference 3, Tables 3 and 4, pages A-5,
A-6)., [Lven these costs must be treated with caution. A center's
estimates of expenditures Jdid not include the subsidies in the form
of frec services or rent-free facilities from countv. Centers did

not keep detailed cost records by type of service provided, therefore
the proportion of expenses accountable to pupil personnel is only
estimated. Tt is also not clear just how fully regional centers are
used by those districts which participate in services, and pay for the
pupil personnel package. Sume of the services are at the option of
the teacher, counselor, or school, and use may vary widely in a dis-
trict. None of the four districts visited in the Lecs Angeles arca men-

tioned use of the Regional Center, though some are counted by the

Center as users.

3.2. Area Education Information Center

Franklin County Schools, Ohio {5, 6)

For several years, the Franklin County Educational Data Processing
Center provided pupil personnel services to 30,000 pupils using unit
record equipment. The price charged for these services was $1 per
elementary student, $1.50 per junior high student, and $2 per secondary
student. To meet demands for service from an increasing population,
the unit record equipment was replaced by a computer. (No detailed

information was available on the configuration.) The support for this

installation came originally from Title III funds from the U.S.0.E.

FEATURES OF PUPIL PERSONNEL SYSTEM

3.2.1. Scheduling

Fach school receives student course election cards on which every

student prints his course requests. These requests are then keypunched

and run through a program which produces the number of requests for

eacn course and a course conflict matrix giving the number of potential

conflicts betwsen courses. From these two outputs the human scheduler

4
|
{
1
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has good guidelines for making up the master schedule., After draring
up a proposed master schedule, it is keypunched and goes into the
scheduling program along with the student election zards. Several
runs thirough ihe program are usuaily needed to obtain a usable schedule.
Among the reports generared are course master listings, conflict re-
poTts, room, teacher and pericd load, and wmaster 1ist by seriod.
Based on these reports the scheduler may want to juggle the schedule
in certain directions. The finai run produces student schedules, class
rosters, homeroom rosters, ctudy hall input list and study hall ros-
ters.

This scheduling procedure for a given year usually begins at the

start of the second semester of the preceding year.

3.2.2. Attendance Reporting

Daily attondance is kept by the individual teachers in their
gradebooks; only aggregated attendance records are recorded on optical
scan sheets for processing by the computer. The attendance report
presents the number of days present and absent for each student and
the totals for the entire school. These data are saved on an atten-—

dance data tape and later used when printing the student's grade remort.

3.2.3. CGrade Reporting

Teachers turn in their students' grades on optical mark sheets.
Reports generated from these sheets include

(1) grade reports (with numeric or alphabetic grades),

(2) list of failures,

(3) grade distribution by teacher,

(4) inceomplete listing,

(5) ranking of students by grade point average, and

(6) gummed labels for affixing to cumulative folder.

3.2.4. Standardized Test Reporting

No information was available about this procedure.
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“unding Arrangements

This project was initially funded by Title IIT USOE grant with
local support from participating schools. Price to participating

districts is as follows:

A one-time charge for all new schools for preparation of
of master data cardes, ¢ 9g

¢ .25 per student
Elementary Package. $1.00 per student
Grade and attendance reporting
Six weeks or nine weeks attendance repart

Junior High Package. $1.50 per student

Grade and attendance reporting including:
Six weeks attendance report
Failure list
Incomplete list
Point average and class rank
Teacher grade distribution report

Scheduling (optional) additional charge: % .50 per student

Senior High Package.
Total package $2.00 per student

3.3. Norwich Free Academy (1)

Norwich, Connecticut

FEATURES GF PUPIL PERSONNEL SYSTEM

An IBM 1401 with disk storage is used to provide pupil personnel

services. The various components are deseribed below.

3.3.1. Scheduling

Course catalogues are distributed to students along with program

cards for recording of course choices. These cards have the student's

name and identification prepunched. The students write down the course

nunber and title and return these cards for keypunching. The punched
program cards provide preliminary course count and section data for
use in formulating the master schedule.

The previcus year's master schedule is stored on disk and is ana-
lyzed for teacher load and other paremeters. Modifications on the
basis of these outputs and the new student requests are made., Usually
75-80 percent of the previcus year's master schedule can be used again.

U Ty
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Student scheduling or sectioning 1s done by matching the student
course requests against the master schedule. Class lists, student
schedules, class seat counts are printed as part of the scheduling

program.

3.3.2. Dbaily Attendance

Each homeroom teacher recelves a punched card for all students in
the homeroom. A student's absence is recorded by removing his card
from this file and sending it to data processing center. From these
cards the 1401 prints a daily attendance report, produces a punched
card which notifies the parents of their child's absence. This card

1s signed by the parent and used to readmit the student to clacses.

3.3.3. Grade Reporting

Cards with student's name and course identification are prepared
for each class. These cards contain prescored positions which corres-
pond to actual grades to be given., Using a stylus, the teacher punches
out the appropriate mark. Class ranking, honor rolls are printed as

part of the grade reporting procedure.

3,3.4. Standardized Testing

This function is currently not aided by the computer.

3.3.5. Master File Maintenance

Apparently the student's cumulsative record is not maintained on

magnetic tape, but is kept in a physical record.

Approximate Cost Per Pupil

No information was available on the cost of this system. Rough
estimates could be made by knowing the cost of the 140l system. This
system together with supporving equipment, costs about $50,000 per vear
after an educational discount. Supporting persormel costs are probably

about $20,000 per year. Thus hardware and personnel costs are in the
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neighborhond of $70,000, or about $20 per pupil per year for a student
population of 3200. The computer, however, is used for other purposes,
including student instruction in computer use, so that not all costs

should he allocated to this purpose.

4. CURRICULAR-RELATED SYSTEMS

The systrems described *hus far may be called administrative-related

civeramis haogr el T d A
BUipnEg oasilanly 15 o

SMOOLNer vpera-
tion of administrative functions. 1In a few instances, data systems

are being developed which are relaced to other functions. One example
is Westinghouse Corporation's PLAN, a curricular-related system. The
goals of this project are the provision of instruction on an individual-
ized basis by providing a constant monitering and feedback of the stu-
dent's progress. A computer is used to do the planning, organizing,
and recording of the student's progress. The curriculum is subdivided
into units with specific learning objectives. When a student thinka

he has mastered the marerial he takes a test and upon achieving a
satisfactory score on it may proceed to the next learning unit. The
testing of the student, and a list of what materials are next appropri-

ate for him to use are provided by the computer program.
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IIT. THE DESIGN OF INFORMATION SYSTEMS FOR MULTI-LEVEL, DECISIONS

Laformation systems for cducational decfstans can byild nnon the
data systems currentiy being impiemented Iu schwuls whun the systems
are apprepriately designed. The problems in desien invnlve several
points:

1. Technical problems arising from differences between the locus
at which data are generated, the !ocus at which the fiie is maintained,
and the locus at which information is necded for decisions.

2. Prcblems of control of and access to the information.

3. Problems of compatibility of data from different schools or
different school districts.

4. Problems of missing information: data not ordinarilv obtained
or filed for administratien purvos:s, but necessary for decisions of
various types.

5. Problems of information aggregation, analysis, and presentaticn.

This section will examine each of these problems and outline the

requirements of a system which will provide information at multiple levels

for educational decisions.

1. THE LOCI AT WHICH DATA ARE CENERATED AND FILES ARE MAINTAINED

Section II examined the various activities involved in generation
and maintenance of student Information. “n nmeneral, these data are
generated at either the classroom level «- at the school level, and
files are maintained at the school level. 1In some cases, individual
student records are maintained at the district level, containing
selected information from the student record maintained at the school.
The automation of student record maintenance will make this pattern
more frequert in the future, where computer hardware exists only at
the district level. This student information, maintained at the school
or district level, is in unaggregated form. Thus, to refer to Table 1
on p. 4, it contains information of type 7 and scmetimes 1, useful
only for decisions about particular students independent of educational

environment, and sometimes in particular environments (e.g., how well

a student 1s doing in a given track).
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Student performance data are also maintained in aggregated form at
higher levels (district, state), giving information of types 3 and 9
in Table 1. However, so long as these data are not associated with
informat ion about the educational environments, thev do not provide
information of types &, 5, and 6, which is probzbly the rype of infor-
mation most broadly needed for decisions, as indicated in Section T.

Certain dara on student performance are generated at higher levels
Machine-scored tests are ordinarily scored at a district level or higher
(and sometimes by an outside service contractor). Information on post-
schopol acrivities, in education or in occupations, is penerated outside
the school system, either in college or places of work. Because such
data are not generated within the school system, they ordinarily do
not enter educational records, even though they constitute valuable
information to the school concerning the perfarmance of its products,
and thus indirectly its own performance.

In addition to student performance information, other information
is necessary for educational decisions. In Section I, a second kind
of information was discussed: information on the educational environ-
ments to which the student is exposed. Probably the most important
aspect of the environment, in the current organization of schools, is
the teacher. Information on teachers is ordinarily maintained in files
that are wholly unassociated with student—performance files. Most data
on teachers is maintained at the district level, where hiring occurs,
rather Luan at the school level. 0Only the teacher performance data
subsequent to hiring are regularly maintained at the school level —-
and such performance data are ordinarily of little use, recorded only
during an initial probationary period and based on vague criteria, sub-
jective judgments, and inadequate observation.

In many school districts, however, objective data on teachers is
obtained at the time of hiring, through the employment application form
and standardized teacher examinations. Such data constitute reasonably
good measures of aspects of the environment to which students of that
teacher are exposed, and with appropriate linking of data at different
levels, can be used for such a purpose, providing informatinn of types
4, 5, and 6 in Table 1 on page 4.
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Data on cther aspects or the educarional environment of a chiid,
such as the curriculum and rexthooks to which he is expesad, the size

of classes, school equipment and facilities, and expenditure informa-~

Fan

ther the gohoel or Moerict lavel,

n, is genperated ar o and waistained

Al the disirict and sitale levels. Inforwallos requiied by state

3
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ments of education (principally expendirures, bur also aggregate measures
of oliter items. such as average class size, Loaohel DECPDATatiown, and
various equipment) arc malatained well; information not required by
the state is Jess well-maintained. All such tnformation is maintained
fully separate from srudent records containing student performance data.
Consequently, explicit lirkages of these data to student performance
data is necessary if the information is tn he usnful for educational
decisions. When such linkage is made, the information that can be
generated ls of types 4, S, and & in Table 1.

An overall tabulation of tvpes of data generated and maintained
relevant to educational decisions is given in Table 5. The raws of
the table show types of data that are genervated, and tha colunns show
the locus which is the source of the data, and the locus at which
files are maintained in unaggregated form. The letter "S" is used to
indicate the locus at which the data originate, and the letter ™" is
used to indicate the locus at which the data are maintained in unaggre-
gated form. Subscripts are added when che data wmay originate or be
maintained at more than oune locus; and parenthescs in three cases around
"M" indicate that such maintecaance sometimes oceurs, but is rare.  [he
right-hand column of the table shows the adequacy with which files are
naintained for each type of data, with 0 indicating no maintenance, and
1 indicating fully adequate maintenance. The estimates are very rough,
and give a combined indication of the [requency with which such files
are maintained. and the quality of the data.

The table shows wherc problems arise at this stage: when data
files are maintained at different locations than those at which che
data are generated. This involves a physlecal transfer from one location
to another: from the classroom to the school's administrative office;
from the school's administrative office to the district administrative

office; from the district administrative office to the state department
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TABLE 5

Generation and maintenance of data necessary for educational decisions

related to student performance.

Student Data

Background

Course Schedule
Semester Grades

Within-Semester Grades

Attendance

Standard Test Scores
Extra-curricular

Secondary School Perform—
ance (Elementary)

College Application
{Secondary)

College Admission
(Secondary)

College History
(Secondary)

Work History
(Secondary)

Teacher Data

Background, preparation
Application Tes'. Score
Course Schedule

Performance Ratings

Salaries

Program Data

Textbooks, Curriculum

Pupil-Teacher Ratio or
Class Size

Library and Other Equip.

Locus of data source (S) and file maintenance (M)

Adequacy
Homeroom or State or of File
Classroom | School |District |Federal |College|Maintenance
S Ml (Mz) 0.6
S, M 1.0
S Ml (Mz) 1.0
S 0.0
S M 1.0
‘ My S, (M,) 1.0
S M 0.5
S, M 5 0.1
1 H
i |
S, M i 0.5
!
¢
; s | 0.1
, E
! s 0.1
: i
; ! f
: ! S | 0.0
| t |
i |
: ' S, M ; 0.8
! | S M ! * 0.5
X S, M 0.5
s M2 0.5
S, M | 1.0
: S1 82 83 0.0
' S M 2.8
i
Sl‘ Ml 82. M2 0.8
S, M L.
i IR RSN S R
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of education; “-om the state department to the United States Office

of Education. The transfers from one location to anothei are most routine
when they are upward along an organizational line of authority, within
the school district. They become more problematic when they are upward
to a higher level of government, but this becomes rather routine when
the higher level of government makes funds conditional upon receipt

of the information, as do state education departments. Where the
transfers become most problematic, however, is along a path that is
neither of these. As a simple example, elementary schools very seldom
receive information on their students in secondary schools, even when
the secondary schools are part of the same school district. Such an
information flow requires either transfer of information up from the
secondary schools to the district office, and then back down to the
elementary schcol from the district, or else across organizational
lines, directly from secondary schools to the elementary school. Other
examples of problematic transfers are data flows from colleges or places
of employment to high schools (except for the original application to
colleges, for which the high school must send transcripts). Such infor-
mation is important for examining the longer range performance of stu-
dents, and thus through analysis the effect of the school upon him.

Yet such data are rarely obtained, except for special projects in which
the school follows a particular year's graduates for a short period of
time. These transfers of data in directions other than upward along
authority lines are rare, sometimes because they are technically more
difficult, but also because there is not sufficient organizational
incentive for them. There is, however, a balance between incentive arnd
technical difficulties: if the incentive is present but weak, a reduc-
tion of technical difficulties can greatly ircrease the data flow.

It is in this context that a recent development in technology is
especially relevant. Proﬁably the most important development in com-
puter technology in the past several years is direct access to remote,
electronically stored files by multiple usersz. This development, which
involves the use of time-shared systems and remote input-output equip=-
ment, has been described above, in Section II., Such a system is
ideally suited to dispersed data-origination and data-use described in

i



42—

Table 5, and impiied by any multi-level information system, for it
eliminates the need for physical transfer of data from one location to
another. Indeed, it is only the existence and economic feasibility of
such remote access systems that make possible a multi-level information
system of the sort under consideration here. Typical "management infor-
mation systems'' provide only for upward flow of information along
organizational authority lines, and access to information dictated by
such lines, ordinarily single access at the top, where the '"decision-
maker' is to be found. Such a conception of decision-making is com-
patible with the central, single-access computer. In educational sys-
tems, decision-makers should be located at many points in and outside
the formal organization. TFor such decision structures, remote-access,

multiple-user computer systems provide the appropriate technology.

2. CONTROL OF DATA FILES AND ACCESS TO THEM

The commercial availability of electronic files with remote
accessibility at prices that make them economically feasible provides
a technical solution to data transfer for multi-level information sys-
tems. The problems of control of files and access to them are problems
of a different sort. In an hierarchical authority system, the problem
is resolved by lines of authority: information is accessible from
above, along lines of authority, and only under special conditions
accessible from below or across authority jurisdictions. However, in
the emerging structure of public education, individual citizens, state
departments of education, state and federal legislatures, and federal
agencies, none of which are within the organizational hierarchy, are
exercising claims for rights of access to educational information; and
since public education is ultimately responsible to the public, many
of these claims have the weight of legitimacy. It is far from certain
what rules of access will ultimately emerge as technical feasibility
increases the urgency of such explicit rules; but two patterns appear
as possible alternatives, only one of which is fully compatible with
the multi-level decision system under consideration here. This is the
concept of a disinterested party, outside the educational system and
bonded to insure accountahility, acting as an information-banker.
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The Concept of an Educational Information Banker

1f an information system of the sort discussed in this memorandum
is to be implemented, it implies a role which is new in educationm,
and perhaps in society generally., None of the interested parties
who must make educational decisions, from the federal government
down to the family, has a right of access to all information files;
yet all parties have need of information created at other levels
by other interested parties. Thus no one of the interested parties can
legitimately be the repository for the information necessary to each
party. Most of the information is generated either at the level of the
school or at the level of the classroom; but even the parties at these
levels, principals and teachers, need information from other schools
and other classrooms for the decisions they must make. Thus quite
apart from the needs of other parties for the information currently
maintained at the school level, those within the school need a broader
information base for many of their decisionms,

Thus a role of "information-banker'" is necessary in order to
receive information from various input sources and make available to
each party the information to which it has legitimate access, after
appropriate aggregation and analysis. Such an information-banker must
have a number of functions if it is to carry out such a role adequately.
These functions are very similar to those of a money-banker, although
certain initial design functions, (a) and (b) below, are necessitated
by the fact that such a role is a new one. The necessary functions are:

(a) Create the design for an information system which receives
information from various sources, processes the information in appropri-
ate ways, and provides output information to interested parties.

(b) Assist in the design of any satellite data systems, as in
individual school districts or even schools, to insure compatibility
with, and automatic inputs to, the information bank.

(c) Monitor inputs to the information-bank from each source, to
insure quality and quantity of information.

(d) Maintain necessary information bank or files, with security

against illegitimate access.
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(e) Provide to each of the interested partieé that information to
which it has legitimate access, after processing to make it relevant
to the decisions of that party.

This role will necessarily evolve in some ways that cannot be
presently foreseen; what is important is the basic concept of the role:
a disinterested party, who receives input data from sources at which it
is generated, protects this information from illegitimate access, pro-
cesses it and makes it available in useful form to aid decisions of
various parties. There will undoubtedly emerge institutional safe-
guards to such a service just as in the use of banking: bonded employees,
insurance against violations of security, and similar mechanisms. How-
ever, the conflicts of interest and security problems are not the most
critical ones in development of this role; most of the information is
not of interest to those parties who will not have legitimate access
to it. The most critical problems are the technical ones of develop-
ment of appropriate procedures for assuring input, analysis, and pre-
sentation of information so that it is available and useful for educa-
tional decisions.

The second possible pattern for information systems in education
is a steady movement toward centralization of information, first at the
school district level, then at the state and possibly federal levels.
Sophisticated data systems, with large capital expenditures for computer
equipment, cannot be designed and maintained at the school level, nor
at the level of the small district. In addition, the demand of higher
levels (state and federal) for performance, program, and expenditure
information to aid their decisions exerts a continuing pressure for
centralization of file maintenance.

The consequence of such a drift toward centralization of informa-
tion is a steady erosion of power at lower levels within the educational
system: the teacher relative to the principal, then the principal
relative to the district superintendent, then the district superinten-
dent relative to the state superintendent, and finally the state super-
intendent relative to the United States Office of Education. The

resentment of each level toward the increasing demands of the next
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higher level for information is already apparent: the state education
departments toward U.S.0.E., the districts toward the state, the prin-
cipals toward the districts, and the teachers toward the principal.
Despite this resentment, it is the new demands of those outside
the educational hierarchy for information about performance -- parents,
state legislatures, Congress -- which makes the emergence of the new
role of information-banker an especially likely one. For there are no
grounds within a bureaucratic organization for legitimacy of access to
information except upward along the lines of authority. In contrast,
those outside a public bureaucracy who individually constitute its
involuntary clients can demand certain information that directly affects
them (such as performance information concerning their child); and
those same persons, collectively constituéing the owners of the public
bureaucracy can, with even stronger claims to legitimacy, demand more
general information about the performance of the organization, through
their organs of representative government. It is through these channels,
that is, through legislation, that the rules governing availability,
access, and control of information, and the role-definition of information-
banker should emerge. Legislative committee is probably the most
appropriate arena for the interests of various parties to shape the
rules under which such é system should operate.

A note on security procedures in time-shared systems: One of the

major problems that must be solved in any computer system with multiple
access to a set of files (a characteristic of all time-sharing systems)
is that of file security, restricting access to a specified set of
users. Commercial time-sharing firms have developed rather elaborate
security systems, for some of their users file information that could
be of great interest to other users. These security systems take either
of two general forms: systems which restrict file access to a par-
ticular set of terminal devices, which have identifying codes built
into the hardware; and systehs which restrict file access to a par-
ticular set of persons, independent of the terminal device, who may
unlock the file through use of a particular code word, entered into

the input device. The first is comparable to a physical lock opened
with a key; the second is comparable to a physical lock opened with a
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comhination Var phyoionl f170s, peoither of lhese devices iy [uily

catisfactoryy but they are the best means devised for security. The
procadures for file security in computcrs, at the present stage of
development, scem no worse and no better (except that access cannor

be obtained purelv through physical faree ae in dynamiting & &¢

than the methods for physical file security. They are not perfect,

s

LuY Ao sewuliiy system is. and thev carry no

i A ew - P 1
nninue hazards oot sharved

bv phvsical file systems.

3. COMPARABTLITY OF DATA FROM DIFFERENT SCHOOLS AND SCiOOL DISTRICTS.

Many of the fruits of an information system of the sort under cen-
sideration here cannot te rcalized within the confines of a given
school district. Yet at present, it is only within the confines of a
district that data comparability is maintained, because each district
is a distinct administrative unit. Becauze of the pre~:=ure toward
information~{low upward to the state level, increasing comparability is
being developed among districts in a state. This 1is part of the general
pressure toward centralization described in rhe preceding section, and
will result in increasing information-—-zccess from »*»ve, but not down,
across, or outside the organization.

Yet if teachers, principals, district superintendents, and pareuts
are to be able to use such an information system to aid decisions, data
vrom 2 number of classrooms, schools, and districts must be brought to
bear on the decisions. As was indicated in Section I, each of these
parties makes decisions invelving the sccond row of Table 1, cells 4,

5, or 6. This row of the table usec iuformation about characteristics
of educatiounal environments in relation to student performance. By

its very nature, such analysis requires information from many different
environments, and not a particular environment, as in row 1 of the

table. At the lowest level, information is necegsary from many class~

rooms, to enable abstraction of characteristics of the classroom environ-
ment, and relate those characteristics te student performance in these
classrooms; from different schools, to relate school characteristics

to parformance; and from different districts, to relate characteristics

of programs and curriczula that differ only berween districts to
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performance. Information most important to the party at a given level
is information concerning that level across environm..:ts with different
characteristies. The teact.er needs information about effects of class
activity characteristics which may differ from her own; the principal
needs information about effects of school characteristics; and the

arintandane
arintanaant

offect

ol sup
characteristics that differ enly between districts.
To estabhlish such comparabiliry requires an information system
that transcends districts, such as that implied by the information-
banker concept discussed abeve, or by the regional data systems in
California, discussed in Section II. The technical and organizatiomnal
problems of developing such data comparsbility are not unique to the
system under consideration; their resolution will follow upon the

establishment of an organizational framework by which a multi-level

information svstem is to bhe implemented.

4. MISSING INFORMATION

The data which are best maintained in schools are data on student
performance. But an information syster appropriate to educational
decisions requires merging performance data with educational environ-
ment data. Data on educational envirouments is data of the sort listed
in the bottom parts of Table 53: data on teacher characteristics,
program, curriculum, and facilities characteristics. The maintenance
and processing of those data were not discussed in Section II, because
of the limitations of the present investigation, and because the
patterns of data maintenmance are more variable amsus districts. But
in implementation of a multi-level decision system, detail :d considera-
tions of those data, and the means by which they can be merged with
student performance data to bring information to bear on educational
decisions at all levels, is necessary.

In carrying out such design, it will become apparent that certain !
data necessary for decicions are not regularly maintained. For example,
in many districts, information on size of each class is lost after
the current semester or vear. Other types of informatis. way aot even

be obtained at any time. For example, certain family background
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intormation such as father's occupation s often obtained onlv at one
point in the child's scheool history, and never updated. Parents' edu-

cation is obhtained in fewer systems, and by methods which provide

uncertai

3

reliabilicy.

e

)

SLiii oiher informaticon may never be obtained as part of admini-
strative data systems, though it is valuable for a multi-level infor-
wat Lo system.  Regular surveys ol teacher morale, for example, are
almest nonexistent in school systems. The obtaining of such data for
input to an infcrmation system is highly problematic. It will very
likely not be generated unless mandated by a governmental authority,
such as a state legislature; and it verv likely should aot be, unless
one of the parties to education can make a streng enough case for such
information to bring about such governmental mandate —— for the genera—
tion of such information is an administrative burden which sihould not
be undertaken on a regular basis uniess it is a definite aid to educa-
tional decislions.

In general, it is sufficient at this point to b alert to the
problem of missing data, and the fact that the problem is not auto-
matically solved by a remote access multiple-user Jdata system. Certain
standards for quantity and quality of information must be established
through negotiation by the various interested parties.

Another kind of missing information is information generated out-
side the public school svstem, such as information on work experience
and college experience. Such information is of direct intersst to
principals and superintendents; it provides information on the strengths
and weaknesses of various school curricula on which further education
or work performance is based; and it provides information valuable for
guidance of students currently in school.

Although college records of students are not conceived as a direcu
part of the information system under consideration here, information
frem college records could be incorporated for most students who attend
college. Most cecllege attendance is within a short distance from home.
The inccrporation of graduates' performance in nearby colleges into
information systems of the sort considered here is certainly feasible.

More generally, the automation of administrative Ffunctions in colleges
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wil! make far easier than at present the automatic reporting of student
performance back to high schools. A few colleges currently make such
reports; undoubtedly, the number will increase.

Reporting of high schocl graduates' wurk history is problematic,
and at first would appear impossihle. However, it is possible to cb-
tain earnings histories for groups of high school graduates from the
Social Security Administration, using procedures which prevent identi-
fication of individuals. At least one research project has used this
method ro examine employ ient and income histories of graduates of par-
ticular high schools (13). 1In a multi-level information svstem main-
tained by an information banker, it is likely that procedures for regu-
lar reporting of earnings for groups of graduates (grouped according

to criteria of interest to the schonls) could be established.

5. AGCREGATION AND ANALYSIS

Only for information on the performance of individual students,
in colvwn 1 of Table 1, which is necessary for dacisions abaut individual
students, is performance data in unaggregated form required. And only
for information about the success of particular educational environ-
ments, in row 1 of the table, is environmental data in unaggregated
form necessary. Data which are unaggrepgated both on the performance
side and the environment side are useful only for decisions requiring
information of type 1 in Table 1. Yet files ag malitaired and used
by schools are uaaggregated on both sides, for example, a student
cumulative record which shows his performance in a particular class.
This limits the usefulness of such a record to decisions involving
that student in that class. For many educational decisiocns, informa-
tion on particular students or particular programs is noc necessary
nor even relevant. Information must be at some stage aggregated before
it is relevant to decisions that go beyend individual students or pro-
grams. The questions, then, concern the stages at which aggregation
should occur, and the methods of aggregation. The usual pattern of
information-aggregation in school organization at presenc ig that
information held at a given level is aggregated to the level just below.

Schocls maintain data on individual student performance; districts
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malutain periormaace data asegregated as school averages; states maintain
performance data nepregated as district averages. This rule of thumh
holds as well for data on cducational environments: schools maintain
data on class sizes; districts recelive and maintain data on average
class size by school; states maintain data on average class size by
district. When information is released to the public, it is in the

form of school averages when released by the disrrier, and disrrict
averages when released by the state. (Information {s ordinarily nat
released by the school princival except for iIndividual student infor-
mation to the parent, for he usually has no authority to de so,)

A second characteristic of such data—aggregaticn is that it is
nearly always carried out separntely for individual variables. For
example, student performance data arc aggregated to give an average
score; and class size is aggregated to give average class size. When
data on state-mandated tests in California were published in 1968,
district percentile test scores at grades 1, 3, ¢, and 10, percent
minority students in the district, and pupil-teacher ratio in the dis-
trict were listed for each district.

This mode of aggregation is of extremely low urility for educa-
tional decisions. As a simplc exampie, the percentile test scores at
grades 1, 3, 6, and 10 reportes in Zalifornia invite inferences about
changes In performance over the years of school between grades 1 and
10. For example, im the published California data in 1968, Oakland
biad percentile scores of 49, 40, 33, and 31 at grades 1, 3, 6, and 10.
The inference of a decline in yerformance is invited by these scores;
but the apparent decline could be entirely due to other reasons. If
parents of high-achieving students moved out of the city as these stu-
dents approached junior high and high school sge -~ & not unlikelv
possibhiliry ~- an aggregate result of this sort could be obtained cven
if the percentile scorves of those who stayed in the Qakland system
were increasing in percentile score over grades 1-10,

Such presentation also invites unwarrauted inferences about effects
of educational environments upon performance. The presentation of

average puplil-teacher ratios in juxtapssition with average performance
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scores invites unwarranted inferences about the effect of pupil-
teacher ratio on performance.

The lack of utility of data aggregated to the level just below
and on a varlable-by-variable basis means that for serious inferences
about effects of school environments intended to be useful for policy
decisions, special "research projects' are necessary, which at great
labor and expense collect unaggregated data on student performance and
environments, and process these data in order to answer the research
questions. If the correct system of data maintenance and aggregation
were carried out to begin with, such special research projects would
seldom be necessary.*

The technical question then becomes, what is a more appropriate
way for data processing, file maintenance, and aggregation to occur?
The answer is given by attention to two principles: (1) Data on

each variable must be maintained at levels of disasgregation far below

the level to which aggrepation is desired, often at the level of the

individual student, whose performance and educational environmen* are

recorded; and (2) aggregation must be carried out by joint use of

more than one variable.

The design for appropriate data-linkage and file-maintenance Is
discussed in Section IV; in this section, it will be useful only to
give a few examples by which current data—aggregation and data presen-
tation would be improved by correct procedures. As a first example,
the appropriate way for test scores at grades 1, 3, 6, and 10 to be
presented (to use the example of published California data) to allow
inferences about decline or gain over the years of school is threough
a method of population-standardization developed by demographers.
Although we will not go into technical matters in detail here, it is
useful to give the outline of the way such a method operates, to give

a feel for the disparity between current methods and correct methods.

*One effect of this would be to put academic educational researchers
largely out of work. This 1s probably as it should be, for many such
researchers in the end ignore the policy questions and examine "more
interesting" questions which lead to academic publicationm.
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?é' é There is, of course, a conflict between the aims of aggregation

classroom, scheool, or district,

The

population-standardization described above allows more correct inferenceas

about changes, but at the expense of showing the actual

current state.

S ) This conflict of purposes should be recognized, leading to the follow-

and presentation of informa-

- : tion should be designed for specific purpeses, rather than as .”ggneral—

purpese datum.

in establishing comparisons.

cribed.

The problems are very simiiar to those in index-construction

x
A somewhat different test may have been given, but the standard-
1zed score on two such tests ordinarily correlates very highly.
tests should be (and ordinarily are) normed for the same population, and
standard scores (mean = 5.0, standard deviation = 1.0) should be used
A few students will have missing test
scores at grade 1, and should be deleted from the calculation to be des-
If a standardized test gcore is available at grade 2 for the

The

students currently in grades 3, 6, 10, that may be used instead of the
grade 1 score.
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in econnmica. uwhich renuire Aifferent standardization and medas of
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aggregation in order to be of value for specific uses. Description
of procedurss of Index construction ir economics, and references to
further litexature in ecomomic index construction can be found dn
Eric Ruist (14): and foundations of index construction theory may

be found in Frisch (12},

cument t2 the nracont maranrarmAnm
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The essential characteristic of aggregation of the type discussed
avove is that it 1s aggregation of performance data alone; it does not
relate performance data to characteriscics of the educational environ- e

ment. Thus it provides infommation of types 1, 2, 3, 8, or 9 in Table

1, on performance in particular environments or Independent of the
environmernt. It does not provide information of types 5 or &, which

aid poli.y decisions about types of programs or teachers. -

In order to provide information of types 5 and 6 t is relevant
to general policy decisions about tvpes of educational environments,
data processing that goes beyond standardization is necessary. It is
necessary to establish explicit linkage between information on student .- ——. .. :
performance, and information on characteristics of the educational :
environment. Referring to Table 5, 1t is necessary to make explicit
uge of information in the bottom sections of the table, much of which
is currently maintained in different physical files from the information
ea igdivienai gyyi;“;.f-:f;¢m¢uce.ﬂ The possitiilL S. esTabl’ shing D
such linﬁégéuwithout difficulty arises through the replacément of
physical files by electronic ones, as discussed earlier. The pro-
cedures by which such linkage may te carried out are discussed in
Section IV, 2, which provides a preliminary discussion of the file
structure necessary for such a system.

The establishing of such a file gtructure is the first step in
processing information so that it is of use to the various interested
: parties. The next step makes use of various modes of data-reduction.

The principai characteristic of information systems designed to aid




“decisions {3 massive data-reduction. A decision is typically an action
taken from one of two or at most, a few alternatives; ransequently,
for information to be useful to that decision, 1t must be reduced to a
few pleces of Information, cordinarily from a massive avray of data as
a starting point. Numercus techniques such as regression analysis,
factor analysis, analysis of varlance, item analysis, diacriminant
" analysis, and other statistical methods comprise the techniques by
which large amouats of data are reduced and brought to bear on particu-
“lar kinds of decision questions. 7
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IV, JIMPLEMENTATION OF A MULTI-LEVEL INFORMATIOR SYSTEM L. R

1. INFORMATION NEEDS OF INTERESTED PARTIES 7 S L

In order to give “oncrareness to rhe way in which a'sulei~lavel ]
{uformation system should be implemented, it is usefulrtb give some R
examples of decisions confranting interested pariies at difterent s IR
levels, which would be aided by such a system. Cohsééuently, iﬁrr 7

the paragraphs below, a number ¢f possible questions faced by vaxious. 2.

parties will be listed. Information on all of these questions cam . ..
be provided by a multi-level information system, when fully imple- i
mented. Many of the juestions, of course, would hardly be answeratle

with an information system in early stages of its implementation. 8 R
Nevertheless, it is of value to present such questions here, because o
an idea of the kinds of questions for which information is needed
sheuld guide the developument of an Information system.

Questions are listed below of the sort that confront district
superintendents, principals, teachers, and parents. No questioens
are listed for state and federal governments; these questions are . .
general policy questions of a sort similar to those that confront .
a district superintendent. In parentheses following each gquestion ib"*{%
i8 a number referring to the type of information in Table 1, page
4, that is relevant to the question.

1,1,

Superintendents

1. What are the berefits and losses of a new mathematics
curriculum, in the long-ter: mathematics performance of students
exposed to them? (3)

2. How effectiv: in other districts is a remedial reading
program with a special teacher, and for what kinds of reading
(5,6)

3. What is the impact of flexible scheduling, as used in other

deficiencies is it most effective?

districta, on the course performance, standardized test performance,
and motivation of students, and the satisfaction of teachers? (6)
4. What 18 the effect of a program of affirmative racisal E |

integration on performance of students of different races? (5)

e e s A . | 7 A e < e s ¢ 1 s e e e e s e g
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5. What are the effects of a curricular innovation introduced

in some districts, such as simulation games in sccial studies? (2,3)

1.2, Princ¢ipals

1. Of the va:ious physics curricula in use in surrounding
eo- - - - —-schools,.-how do thev compare with Trespect ©o.{a) the courye peLiuviu—

ance cf students as measured by grades; (b) thelr effects on

rt

Coperfvrmance -in_poysicy as measuyred by staudardized £3s

their effects on performance in college physils! (3,6

N

Z. What are the increments in reading performance amoug
students exposed to aifferent reading orograms -used in surrounding
uchools, and how do these increments hold up in succeeding years? (3,6)
' 3. Should teacher A be assigned to high-achieving students
or low-achieving students? (2) _ _
_4, hatr is the difference in learning of mathematics when
scheduled early in the day, rather than late? (6)

5. What differcnce in achievement and motivation exists”

S 7. .-t - -perween a joing social studies and English course and separate

Engiish and soclal studies courses? (6)

ST “““*“‘“'fb;.gﬁow'dOES‘participation, in particular extra-curricular activities
a2ffect the motivation, attendance and performance of students with
various types ol school records? (2,5)

7. what is the effégtrof a poor grade in one subject on
subseguent performauce in other subjects? (8)
§. How can impending problems for a student be anticipated
by an*“ear1§4wérﬁiﬁg’system”?' -9, -
9. Using school grades rather than standardized tests as a
criterion, are there any characteristics of teacher and student
such that matching on these characteristics will improve perform-
ance? (5)
10, Does an incressz or decrease in the level of parent involve-
ment in school activities, as experienced in other schools, affect

the general ccurse performance of students? (6)

s; and {c} S
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1.3. Tea-hcis

1. in a given test or setr ol rests, what items are missad ,
bv a large proportion of the studenrs? (3} Tt T T T

EN

Uommas cmmeed et o~ - L . N - -
2rc the charalteristics ol Lhwse iiewms migsyed by 3
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in reading, what aspects of mat~ematics are they doing most poorly

ar? (elenentary level} (2} T o I

4, Tor the students at the bottom quarter of the class

in a2y subjects, what is their average performance in other subjects

they are currently taking, and in this-subject last year? (2)

5. In a machine~scored quiz devised in conjunction with anqther

k -l

[E , - T
F . teacher, which of our classes wins in average performance? (3) R
I

~—=~ -.1,4. TFarents and Children

1. How is my child progressing, not merely in his school

I f grades, but in his performance relative to national norms? (1)

2. What is the expected reading level 2, 3, 4 years hence for

a student in this school with reading level the same as my Fhiéﬁfs
at present? (2)

3. Wnat kinds of supplementary help are beneficial for children

who show a profile of performance comparable to that of my child
i - {e.g., such help as oral reading practice, mulitiplication drill)? (5)
4. What is the expected grade in algebra 2 in this school for
someone with a given set of grades in algebra 1?7 (2)
5. Wwhat kinds of college programs or careers are likely to
be successful for someone with a given prcfile of abilities and
interesis? (5)
6. What has been the average level of performance of students
g from this high school with a particular set of grades and college
board scores in a given college? (2) ;
There 1s also a set of questions thet parents and children would B
have if they had an expanded range of choice concerning schools,

programs, and teachers than they curvently have. There are a number

B T et aastana L R P
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of iuéicﬁgiﬁﬁs that-paéents.may céme-to-héve a gféater fange of
shaices, through esuch means as tultiorn vouchers for attendance at

a school cof their choice with public funds, released time or after-
sthool time for special instruction with public fuands; choice of
teacher, subject to class size limitations. If such expansion of

choice did come fo exist one of its nost important adiuncrs would

“he - information aids for the parent and child, to give them objective

»;inforgation o which to base choices.

-~ 7. What has been the performance increment in reading by
nationdl norms of children under various teacherc thot @y thild
might have next year? (3)

8. What is the record of a giver school in the performanca
increments of its students on naticnally~normed tests? (3)

¢, What kind of reacding program is best for a child who shows
a performance profile like that of my child? (&)

These questions give an idea of the kinds of problems to which

coprelnforgericaseystemcean he ralevant for various parties. 1n order

to move closer to realization of such a potential, it is useful

to examine two aspects of the system: the structure of data files,

~and organization of communication; and the organization of equipment

required by a multi-level infozrmation sysiem. These two aspects

of system design will be discussed in the two remaining sections.

2. FILE STRUCTURE AND DATA ORGANIZATION

2.1, File Structure and Code Assignment

There are numerous sources for the data cecllected and maintained
in an educaticnal data system. These data are typically collected
indepandently of and in isolation from each other. Yet for many
purposes, the appropriate presentation of these data involves
classificatisn across sources. One example is the classiflication
of a student performance indicator, contained in the student file,

by some characteristic of his subject teacher, contained in the teacher

JRPNOU Y)Y f * ST Y =S T ERTT NOCHNAL AP S GECHIY SOOI
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this information, the necesgsary

data file. Ia order to present

o linkage between the student and teacher data must be made,

7:2 accomplished by the transcription of the needed datsg from one source

to another. This transcription may necessitate re-ordering the

data or castiny it in a different format;

iy, When Lisse

oo classification is needed, special projects are undertaken to provide

_the linkage. _

wWith electronic storage of datas, direct linkage between geparate
Before
describing how such linkage could be implemented, a brief discussion

of computer files is in order,

sources becomes possible without physical relocatien.

Often in computer applications, the core storage of the computer
1s not sufficiently large to store at cne time all the daza required
for the problem. In this case storage devices such as tapes, disks
or drums may be used Lo augment computer storage capability. A
logical grouping of data contained c¢n one of these devices 1s called
a file. These files are organized similarly to physical files.
For instance, all the data waintained for students in a schoel
make up a student file. Files are composed of records, which are

the units of the file accessed by the computer at one time, A

record in the student file would typically contain data for one
student. If there are 2000 students in one school, there would

be 2000 records inm thet student.fijgﬂ,wnecorns are made up of
variables, for instance the student's naue, age, mathematics achieve-

ment score are po3sible variables contzined in each student's record.

There may be more than one type of record for each uanit in a
file. For example, student data may be in several student files:
one containing academic information, anothor containing health
information, and a third contsining extra-curricular information.
(alternatively, certain information may be filed by the activity,
with the students who participate in the activity contaiped in
: the record of that activity.) The optimum mode of filing

{ depends on the principal ways in which the files are accessed,

A re———n g (o 1 A 1
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just <3 in physirally organized fijies, However, the difference 1lizs
in the ease with which multiple modes of access can be carried out.
In ohyaiecal files, croase-f3i1s uccese is goasurcd in hbours or Jdays
vi seaich, suiiiug, aud Copying; in electronic iiles, such acesss 1s
neasured in milliseconds,
T The oudber of Wiits for which there dre records and the number
of types of records may vary widely in files. In studeat files,
there are many students, and a single vecord or a few”réébrdéfﬁériiggii B
scﬁdent. In a file containing school variables maintainzd at the
school, there is only one school, but many recnrds; in such a file
maintained at the district, there are several schools, and many
records for each.

There are a number of ways in which data from various files may
be linked, In order to examine effects or teacher characteristics
on sBtudent performance with school and district characteristics
controlled, for example, it is necessary to link together records
on individual students, their teachers, their school, and their
district.

Such linkage wight be carried out in severzl ways which
will be dis-ussed briefly. The first and simplest structure is a
totally nested system. If a system is fully nested, so that each
unit at a given level 1s a3 number of one and only one unit at each
higher level, then a code may be assigned to eacl level, with unique-
ness maintained only within level. Thus for a student in elementary
school in a giver classroom, a student's code may consist of his
code within class (2 digits), a classroem code within school (2 digits),
a school code within district (3 digits), a district code within state
(3 digits), and a state code (2 digits). This provides each student
a unique code within the country, and allows student records to be
linked to teacher, achool, distiict, and state records through use
of the appropriate segment of his identification code. The code
is long2r than would be necessary if he were simply assigned a unigue
code within the country (12 digits-rather than 2), bu:t the code
for units of which he Is a member need not be included elsewhere in

his reccrd.
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If a syster is fully nested, but there is sequential mobility
within it (i.e., a unit such as a student is a membher of one and oniy
one unit at each higher level, but may move from one to another),
then two possibilities are availlable. The ccde used in a fully nested
system may be used, and changed when the unit moves, just as an
individual's street address changes. Or a code mav be assigned
uniquely across higher level units, between which mobility occirs.
For example, if there is high wobility of students and teachers
between schools in a district, csach student and teacher might receive
a unique code within the district, rather than a unique code within
the school. With this coding system, linkage f student records
with school records can be achieved in either of two ways: by
containing within the school record a list of the codes of all
students currently in that school, or by containing within the
student's record the school code for the school he is currently
attending. The decision whether to use the fully nested code or
to embed student or school codes in s:hool or student records is
a decision that must be made on the basis of the most frequent types
of use of the records.

Finally, a system may have a structure that iIs not nested: one
unit may simultaneously be a member of several higher-level units.
For example, a student in high school has more than one teacher a-
the same time, but not a fixed number. In such a structure, the
teacher's code cannot be a part of the student code, since the
student has several teachers. In this case, the only sclution is
either to incorporate within the teacher record the codes of{ the

students he {s currently teaching (ccdes which may be unique within
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choul, dyerrict, gTate, cv dationy, ®r td incorporate within the
student rscord the codes > th» teachers he currently has (or passibly

both, it file storage is less coasyly than the ewntza cost of inceonveniert

aTisas ). nis non-ucsTil siruciore is approrriate feor many of
the activitier wnish ovcur in educaiion, since each student and
teachey is engiged in 3 veriable nuxber of activities.

T T T T An erample of how G nop-nescel sgructure mighi be used o liaw
Aata froz different {iles togetbizt :is the linkage of srteasr: grades

w2

and s;andérQized7;eét data to characteristics of tbat year's teacher
LI in that course. The teacher's record couatzins the teacher's idemciifi-

cation code and the characteristics of cthat teacher. The course coce,

the grade earnmed, the teacher cod=, and standardized test results
: l_fi o are all recorded in the student's file. The course code would include
— codes for subject area, course name, course section, teacher. Course
sectiod mighe incorporate ability-lever code, if used. As an example,
the codc .or section 7 of English 10B, 001-010-07-030, would be
built ﬁp from:

Jubject area = Epnglish = 001

Course name = English 10B = 010

Ccurse section = 7th period = 07
~ Teacher name = Alice Joncs = 030

< : In a similar manner, a standardized achievement test in the relzted

R - - area might use rhe following identification code:

;j "ﬁ Subject zrea = Enmglish = 001

=, Standardized test name = TAP-1 = 020

: Time test was given = March 69 = 0369

To find the relaticnship between teachers' characteristics and the
students' grades and standardized test scores, linkage is provided

i , ; with these identification codes, using a procedure somewhat as

F ' : follows. ind data for subject code 001 in each student's record;
retrieve grade and test information; use last portion of course name,
i.e. teacher's code, as locator of this student's teacher's record
within teacher file; retrieve teacher's characteristic (in this exampie

verbal ability). Figure 1 is a diagram of this linkage.
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2.2. TFile Security System

In implementing 8 multi-level information system, guards
against 1llegitimate access to data must be built in as part of thg
file structure. Files may be designated as public information and
thus accessed by anyone, or files may be designated as proprietary

information with ranges in the amount of access provided. Access

or by using a terminal which the system has validated as accessible
to given information.

In one password system, there are procedures for insuring medium
and maximum security. In medium security, the user gains access
by typing the name of the file and the required password(s). A
maximum security file requires, in addition, appropriate answers

to queries posed by the program. For example, (16, p. 3):

PASSWORD(S) BARKER, FOXTAIL, CREDENZA
WHO ARE YOU? *&kg

HOW OLD ARE YOU? NINETY**

MOTHER'S MAIDEN NAME? SMITH

SMITH? JONES

The underlined portions are user's answers to questions. If he had
answered any of these incorrectly, he would not have geined access to

the file he was requesting.




Limits of Access

TThe passwords prevent upautborized 4ogess to a filg; there are

aLaQ prnxxsxons_zgz different iimits of access.

;.:5_---;?., V~Yne user m@y_is§s_;txg_qacxazncg;g.ng.cpm.nol_qupeqxu;_,_“.‘,,'
p*qgrams, bat mgz_not .gain _access to rhe jndividual elements of

The‘progtam may“gompute avergges or diffqgences —for ”_1t'

there'areAgrdinarily three major pzpes o£ _sgurce points: the teacher

Rl o ccunse}cr, the p:incipal or school central office staff, and

—-f~*f “the s 'erintendent or district central office staff. All these

sourﬁg‘Points-atQ nqtential users of information fiom the system

e _— ' ag-well. In addition, there are users outside the formal system:
R the state and the fedeéai government (sometimes for administrative
functions, sometimes for research questions relevant to general
policy decisions), parents and students, and personnel in other
districts. The patterns of access and the modes of access to any
information must obviously be specified 1n full detail.

In beginning such specification, a few basic principles can

be established. First, each party who constitutes an originating

source has a file or get of files associated with him. Secend, only

the person who is this originating source, who creates and maintains

this file or set of files, has unlimited access to all portions of it.

e e e e mie e e g . e o e n
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Third, .there must be a reald coperation. from fiie tOwEtlej'}EldiE

specified subsets of the information from oqe‘file {e_g.

: e ey e 4-"

file) into--another file (e.g., a schoal fiAe)L aﬁ.operation that-

fhrough sg_pific aggrggating, anal)tical or admiﬂistratingprograms

',";:" B ) -~wnich use file-inferration To. SEI'VE cne USEI'_ S_DEECZS.,_. ..~_,..._..._..;.

o Figure 2 contains paths of flow of infommation between {I) data'
- originator and data file, (2) data file and data.file, and. {3).aiser o
o and data file. The paths are of nhe thtee va:ie:iea :oziaégondii}fﬁu*
to the limits of accers: unlimited .access, read—only, and uae—only,A

respectively Solid lines with a;:mvs in !zo;h diregﬂons ‘,‘nd;.chte

]

o dwi b ey

only files with the arrawhead pointing To the deaninatiox. Anv

—er

’*ficw of- data'aiowg a*iong-dash-&tne -refers- tc*tha*autamatiFfupdating~—"~—‘“
of a file as a result of a specified procedure. A.shoxt-dash lice

represents flow of data which is under user request. - In-the -dfagram, = == - '45§}

the files at each source poini are represented as a single file;

but in general, there will be several files at every cource point I o
which differ in accessibility.

M ek

To exemplify communication along these paths, we may begin

with the principal's office scheduling students for classes. This

operation, which resuits in a file entry in the principal's file,

also creates class rolls for each teacher. If each teacher has a
file and a terminal, as assumed in this figure, the class rolls are
automatically transmitted along path 2, from the principal's file ¢
to the teacher's file a. If the teacher does not have a terminal

A~ T e & T PRV 7 Bt Y T PRI

and file, as might be the case in an initilal equipment configuration,
tne clgss roll is physicelly transmitted to the teacher, after the

: schedule is stored in the school file. Once the class list is

T e e bt S s
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student dara file., This teacher alone has unlimited access to this
; student file acd way enter whatever data she deems necessary or
R appropriate 1path 3). --Not gll -the data abe enters-are accessible

b b'u f‘he ﬂchngl fu. nr "’1& v‘\v‘{p;inal‘ Tb 4""1"33‘ 2-\

coe8s Lo

First,

'rmation r'r sperial purposea may - ~he— fegneﬂfoﬁ by-the r*r"{p=1*~~

VSecoud the school file, =, is updated autanatically
.;;:;if;::{l"V'c patn-é w:tn‘;;rgézn\,pzc1z*xn_§aza from the reacheris file.
‘if”,;ﬁYal{iqﬂﬁié.anngmigmutnysxkpa;h 4 consists of such items ad grad: reports
) . angratcendancg repoxting. Jeacher copsultation of the centrel
T ~'school -file 1s ca;;iqé‘out via path 1, according to the rules of

[ ,:‘;~-»,- acceas inA;he~s;hoal The teacher msy also use the district file via

: path 14 Lo oh:ain.information or.more general ques:icns concerning cur-

cuium, 8;udap; performance, £tc., _as outlined under 1.3. in this
.8€ tton\~srhevteachef Zay. also use the informgtion bank, the filter for

nforﬁax;on fxom othzr'diatricts for more general questions (path 13).
,,j;_The‘:chhgr 8 filc is accegsed by .oga other paz;y. the parents,
Sl shq.havg usg-only atcess: via-path 6 to specified portions of the
AN teache: a-tile cgncaining certain information about their own children.
7 _@yaically;"the pa:en; *87access wouldbe thralgh™a "terminal at the

""infq:maticn bank. (In addition, parents have access to more

e 4:»~¥—-*<~geqeral performance information concerning their child and guldance

} ,information involving data beyond thelr own child, from the

) infornation bank, via path 7. -Upon such parental requests, the

- 1nformation—bank (f1le £) accesses the school file via read only
access for information on that child, through path 8.)

In an initial aystem in which teachers do not have individual

terminal equipment, their information on grades, attendance, etec.,
would be kept in a gradebook as at present, and periodically entered
into the school file througt nark sepse cards or similer means.

The teacher would use & school terminal for iuformation requests
represented by paths 1, 5, and 6, and might maintain a private file
accessed by a school terminal. 1If several terminals existed at
different points in a school, full implementation of teacher files
as in Figure 2 would be possible without individual terminals.

e @b Cud luew -the file,- this- establishes the framework for this teacherig————— - -
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" The | principal s use of :he sys:em would be mes t intansiVely
'thrpugh.use of the school fileg, {which are automatically updated
via path 4 fzqm :eachers files and via pach $ ifrom district files,

e and frcm<which iniormatidn is automatically aransuitted to district

:"~f::"'.f filgs and“the‘ infa;mgtiqn“bazxk o Fnr recuests involvjmg information

T -from other schocls in the districc the artnrina} ‘accesses the district

;?;*%? —'f3—~file in use—ngly mggg,‘gnd for rﬁouesrs “invelving information outside

:he“di&tric:,<he*accesses the information bank via-path-12, o _

S B —_—— -

q_“.-«u;fﬂu«:se_byfthewdiabzict Superiniendenth-affiCegis as indicated

by the figure, and requires little elaboration The state education

dgpartmgnt s il;es “aTe perledically updated by district files and

pattiQS whose accqss to the g§ukfis legitimated. These ggrties nay
T mhg_a.research o1- statistical division of . tbe U.S. Office of Education,
of other prgani;ations in the community. Obviously, it 1s necessary
7'"‘:9r45£§hts of access and limirs of access to be clearly defined for
§pppfmultiple use to occur.
. -.-This.initial outline of the organization of communication in
a multi~user éystém of this gort gives a view of the general patterns.
The details of the gystem will differ in different applications, and
A --will obwiously depend also o¢n the configuration of equipment as
discussed in (3.) below. Before that discussion, however, it is
useful to mention briefly two other aspects of the system that are
relevant for research and evaluation purposes: experimental dgcsigns

and daia sampling.

b 2.4. Experimental Designs As a By-Product of Scheduling

In an information system based on administrative data, amalysis

of the pecrformance of students in different environments must ordinarily

e e e e b A e = - - L et = e e el s

b e A Aot e R vine g o



- Tl I e e e

by

take the assignment of ctudents to particular envire nmeniﬁ a&,siven;“A.{

Hrb e

and use statistical contrels to reduce incorrect iure;ences b

T s s "M:l—: ot

:k}, an initial correlations between Variahles. St:;ct expetiment&i

VN - e e o J—

design,-with Tandem assigument of students to diffnrent eavironnegts.'i

wiih assiznment made for a purpose. However. this overlooks~onel

- - pointt “many-assignments “are nmot made-for—a purpese, but -ars-made " TIEC

_arbitrarily. -4And whensassignments are made arbitrarily, tney~may»—;
" be made- randoml} “with no -loss An-adminlstrative dntept. When
- student chocses a course for which three different classes will f&r =~ -

the remainder of his schedule, then if scheduling is done manually, L - i;-

he is arbitrarily assigned to one of the classes. More generally,
- in working out a schedule, a number of arbitrary decisions are made, - o i e
-especially in the inirial sﬁégéswofrthé process, in order co'pragide . e e ﬂr;—
a frame within which other courses can be fitted. When scheduling » A i'g\
is done by computer, arbitrary procedures are also used io such -

circumstances.

7 Whenever such arbitrary procedures are used, then the arbitrary
E;? procedure can be so designed that the canons of experimental deslgn
‘ are met in agsignment. Whepever such an arbitrary or randomn . o
assignment is made between particular alternatives, the assignment
s and alternatives can be recorded. At the end of a computerized
scheduling process, a number of random assignments will have beeg
nade among several sets of alternaiive enviromments. For each sert

of alternatives amoung which random assigmments have been made for

two or more students, an exper’'mental design exists. Thus a

e mer A e o

scheduling program may give as a by-product several experimentnl
designs, which can be automatically stored until performance data

on standardized tests are obtained during or at the end of the course.
I These courses may differ in a number of ways: characteristics of
teacher, characteristics of classmates, time of day, and sometimes
textbook or curriculums. By amassing experimental results over a
number of semesters and a number of school, strong inferences can

be drawn about the effects of particular charscteristics of the

environment, inferences that could not be as sound without knowledge
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couccrning which lnnignmgnts ware rnndomly nada and anong whast set

of altemmativea.

f;ifm/f T o ;v; The procedurses used by some existing programs for scheduling

‘ studsata when two v mare optioms sre open differ ncmcvhnt from random
N ancigpn;n: but in ways which could be easily wodified. FPor sxample,
1BH‘q schedvling pregram, CLASS, which schedules all courses for

~ 7T IIII T each agvdent before proceeding ta the Text etudcnt, aszigns him
- e - mefipgge ‘to~classes -in which there ere no alternatives. It then woves

e

in’ vhich moot aeats renain, It 18 only this lsst etep which requires
uhlnxe.ta insure random assigment: he pust be scheduled randomly
7 i xmnng a,gell—dgf¢nad set of courses, rather than acceording to & char-
T "actariltic of~tha -course.
o e *Thn SQCRAIES -scheduling program does not schedule all courses
L _£or k! ltud;nt h;{g;g procesding to the next, but schadules first
:'19 ’ 'Jheﬂsonxacﬂ_foxgwhirh there is only one alternative, second the courses
fo; vbich there are tvo alternastives and so on, at each polnt revising
the nqiber of :eelinins alternatives as availsble alternatives are
= NN ---preclnsed. This program is directly modifiable to allow recording
i f;, .A‘__L__LA__pf_xandqggg:uignnqnn4_g_;ﬂ}x_hy recordg_g the two or more alternatives
7 that ‘exist for each assignment in which a student i¢ randomly assigned
_Eeﬁggg_élgggpgggggﬁgqg of two or more. (See rererence 19.)
Such enmerging possibilicies allow for creative work in statistical
;§;§9§s. Hare is upt the place to begin such work. It is enough

to note that scheduling programs, appropriately designed, allow

- experimantal designs of radically new forms, purely as a by-product
I and witiout altering tha criteria on the basis of which class

' assigoments are nade.

2.5. Datas Smmpling

For many information problems for which the informstion system
is designed, thers will be far more cases of student exposure to
a given environment than are necessary for statistical reliability.
It is characteristic of aschools that msny students are exposed to
an educational environment that is identical in its measured aspects.

ST Tee cla:nzn‘iQAHhich altcrnnziv;; exist, and aisigns him tc the gection
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P Consequently, for efficient analysia of da;l. iL vill nff.n be nnco -- ; .f”:'
: s sary to ume ssmpliag proceduresa. The apacific ncthod: Qg lunpling 1
oas differ according to the problnn, but s;-pltng progr:na‘uill.be nncane-

retrieving a set of date for analyqis.

3. _ MACKINE CONFIGURATION e

2 V¥ M PR SR - iy
in y(ugx (el PA { Ty _utumn:t —g_-.hvu;’t d;i"

and districe, some of which are deacribed below, What La essaiiiiat -;1_' Tl
for an informetion system of the sort under comsideration is electromic - . f{

} file storage and rembte communication capacity. This becomes fessible .- é%:{
L ; with little capitel expenditure through the purchase or reptal of ter- - N
o rinel equipwent foxr the school and district offices, and rental of com- '
puter time and flle atcrage from & central computer service ﬁhpge costa
are distributed over ali users. As will be evident in the discupsion

g below, auch a file storage and comunication system ie possibie with
. nothing more than a teletypevriter, but because of inconvenient data

{nput and slow printed output is probably efficient at the achool level

- 3 only with a card reader and remote line printer in addition, -described -—— - B .

as atation 4 below.

3.1 Possible Ramote Starion Configurations

ﬁ:ﬁ The wmosthly rental for a modeat size computer falls in the $2000-
$4000 range. Such a computer would be adequate for carrying out the
administrative activities in & school described im Section II, as in
the example of Nerwich Free Academy; but it is too expensive for a sia-

gle school and lacks rewote communication capability, requiring on-
site accass. However, the availability of commercial time-sharing serv-
ices and service bureaus, and regional educatiopal computing cantars,
provides a way for school districts to begin computer usage without a
large initial expenditure,

A computing service underwrites its monthly computer rental and
other expenses by renting cozmputer time to various subscribers. A

s -

el



school diastrict, for instance, may rent Lime from such a service to
’ Tun & acheduling and grade reporting program. The schocl district would
then be charged according to the amount of computer time it used in

SAUEE .. Jupnipg Lnesa programs.

»'~M‘§here éze mAnY ﬁetVices fror which~a school systex as & potential

Eub§c:1ber “cap choose, In scme states thsre are zeglanal computlng

,“‘A‘fggggg_ Time . sharlnb.saru*cg; deszgned.zn permit interactive use of the

.,,w_._,hii__,c0m23£§!;~_£sA$£¢§lj‘avgllgbig-ggmngxc4aLly “In addirion, other serv-
) T ice bureaus providing batch procesaing sexvices are available,
The me@g of computer access, for Irnstance batch processing, time-
sharing, or dedicézed syste:, sets out a range of equipment configura-
. ;ﬁg.;,ﬁr _Liona.avallahle.zo<che scheol district., With a service providing batch
) p:chgQigg capabilities, vo equipment, or very little (keypunch, scrter),
o you}d Ee;ngggsgary at the school, but omly activities requiring infre-

S ;=gy§p;;;gmpg;ar use--such ‘a8 scheduling--are feasible. To use a time-

;:sh;:;pg,seryiée,uhagever,'the minimum equipment is a teletypewritar,

- T Sinpe the’ made of acc:ss bﬂars directly on the possible district

fégn§§ggg§;10n34 to prgvent being top restrictive, a very gemeral com-

j—puter cgpabtlity is assumed. Specifzcally, we agsume the existence of

a large cen:ral cnmyu:er IGCEIVlng inputs either locally or from remote
.’atacicns. Varioua inpuc/output devices are located at the cemtral com-
'puting center, specifically a high«speed lipe printer, card reader,

7?5'<, U ~and puncher, mggnetic tape units and disk storage units, These devices
- - _p;y_beiﬁégd by the remote user as well as the local user. 1In addition,

the remote user may have his own input-output devices located at the

remote gtation. These remote devices may receive and transmit data to
and from the central computer. t would be possible, for example, to
request (by means of the teletypewriter) that a tape physically located
at the central coup:ting center be read and the data transmitted and
be listed on the line printer at the remote computing station. These
remote stations may contain a teletypewriter, a card reader, and/or a
line printer.

This discussion will consider four of the possible types of sta-
tions for this computing facility. These are built up from the separate
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fr, : -
P - --- - -— -componencs(teletypewriter, YTine printer; card Teadef) in hieérarchical =
i: : fashion--chat is, station 1 is contained im atations 2, 3, 4; sta-

£ : tion 2 is concained in statioms 3, 4; and so on. These starions

IS -

0ol may progréss.  all four sta-

ons and combluatlons ol chese four may exist simultaneously within - - — - ~—

STATIO! )

:‘v. '-——_~
' : No O
P Equipment
e L.

!

CENTRAL
COMPUTER
: Fig.3—Remote computing network
i‘
? 3.1.1, Station 1l: No equipment
‘-5 Initially, a school may not have any equipment at all installed.
: i In order to gain access to a computer the user must commute to the
i
!
. e e - - - —-— - - - - -— - - - - o~ —
b o e e e & e _— e -




returns to plck it yp. The time between job submittal and completion
_depends on the efficlency and schedule of the computer ceater, and may

" Trange from less than an Npur. t¢ worc. than a wéek.” This arrangement -

- -precludes incerscrive use of fhe computer. -

btatLon 2 Teietxpéwriiaf“""~f“-n-.uu—.7

'-“*time~$ha};ng ﬂervice e The availab111ty-of acauatical couplefs-&n e

these units allows” Qsing any . regular telephone to 11nk tbe terminal to
the -computer. honsquegxly, these units woy be uged wherever there is
- /@ telephone. 3g;9g§t§pnrqﬁ_telg&xgéwri;égs is hampered by their 75-

e pound ueight. fﬁaééver,'1ighfw€‘izg;modeté cbsttng‘about“theisame-viil
:*;';*tbe anallab le in early x9?0 Tﬂlet- qyriters ‘contain a paper tape punch

Ce wnicb allows ptograms and,data taﬁop a-nred for later use or reference

s on punched paper tape. T%e*data limitations lie in the low speed of-
cbe tape. reader. : ‘
’ thc advantages are offered py cnnfigu:ation 2 over configuration

":“<“t~~i’ ~in princ;plﬁ. all cayability of- remote usage-is available, but the

ondly, all the advantages of the interactive capabilicy of & time-

shared gystem are available. OQpe area which currently is benefiting
from this interactive capability is counseling, ihere are numerous
projects whith are using computer assistance in counseling, A library
of career information, along with methods to explore this information,
is given to the students. One system, Computerized Vocational Infor-
mation System in cperation at Willowbrook Figh School, Villa Park,
Illincis, asks the student about his interests and post-high school
plans, and then lists available jobs fitting these categories. Then
tke student may request additional information ebout any of these jobs.
(18, p. 76)

central computing facility. "He submits hie job and efter completion, "~ = -7~

'
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< oalid: Stavion 3: Telerypeveiter, card reader CTE

S ATy T T Y
L -t

data from a remote Lccn:ion to the central ccmputer. Theae r

“read both punched cards and'mark-sense cards. 'Additigwg; :
: considerably increages ‘the flexibility “of dtativn 3"; <;1 ;;T
i : station 2. Hhen tvpewriter or paper taoe is rho on}v mgags c“

,-“onginatiom —there™ Ta* o’ cnmmninm; way “to pravide remote inyuL_'iI;

computet4 With 1dd1t10n of- the-CAIdﬁreader a: verV‘veraatile and‘pozf-

ﬁble.sruxage‘mgdium ‘the . puncned ca:n, is- added to ;he lncai~zystem7*'ff'

5 Teachers, for instance, may have their students record quiz QQ&E&L& Qn.h>J;f§”.L .

mark-sense cards, and receive test grades and tabulatioms of LTTOTs

wertry Y

for each item within a few minutes after test-taking. Procedures. Such

as attendance veporting, which must-be done daily and C°ﬂ5§qqﬁnﬁly,§59€,f?

very limited time for completion, would benafit from a local gg{digggﬁgrg 7”‘51‘”f '?;

The local availability of a card reader makes pessible quicker. service and

f,% pasier access. L ma I  ;;
R
iii: 3{1.4. Statton §: Teletygewrite;, card reader and printer ) é
}é} Remote line printers are available and would be necesgary for" ” N Can
;? ‘printing any large volume of data at -the local statiom. ~The slower” ”"‘““”‘*“‘~Ni{"i
35§. speed of the teletypewriter makes this device very pocr for p;xntipg
iéﬂ large volumes of data. For example, one estimate states that it would

if take four teletypewriters 24 comtinuous hours of opexation teo print -
;%3 report cards for 2000 students, (11, p. 74.)
ig' With the incorperation of a line printer the station would be able
Ei' to trarsfer all jobs and data to the computer for processing and then
ik

receive the results at the local station. For most of the pupil per-

WL

sonnel procadures described in Table 3, page 21, this configuration
would be adequate.

T

Table 6 gives the monthly rental, purchase and particular charac-

teristics known about the station components.

Lo irkiatnd ol g e
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Tabla 6 S

SIAIIQN-&OMRQNENTS

Rentak,~Purchase, Chaxac;g;is;ig;

1Renta1 u_.j;'ﬂ‘ﬁ

| ==$1500- - - —_1-9-:%—it?r—ést??ﬁéﬂ_sser_@:;;,,

e e e ey

_“_f§2q+«¢4nt06 caggs/minute

T 8 ey oy e T e e

{a) -

. - '»lﬁ?_&#rd_ﬁimnqte
I ¢ a)

1300 1ines/minute

T

3 »«4“-.4.._._..‘,..,,.;-,1_-_ e e Ll

4,1,

sgme of-thg,se prgnaduxgs would be catried out differenr.ly in such a

system than they are wi;h da*a systems that a;e manual, or “those that

,usg noqfinteractive modes of computer acceas, - - - . -

Scheduling

After preparing the student request cards and master schedule
cards on either punched cards or mark-sense cards, these cards are read
by card readers at the local station and transmitted via
The

program uses these data and prints the course conflicts,

phone lines
scheduling

teacher load,

to the central computer and the scheduling program.

and other available measures of adequacy of the schedule
in the school office,
the teletypewriter) if this schedule is satisfactory, that is, the

on the printer

Next, the program asks the human scheduler (via

e

I

core



s

O S ke 20 LS I

”reaaer. uben r_he humau scno_duler is satisned»w ,,t_b

F
g
&
b
8

o ADSWETS. '—yes—-»amé the qompntﬂrihan px:inta —the ~schedd

-Jé,nc’ériigjrih sghool' {nﬂ auiomaucally updatas _P.a ‘ach

S ,—‘——~A~;he clc.ss rostﬁz for«ea\.n course.

. Ii_ suﬁfi& enL_tele.x:yp.eun:ers xere._availa.ble 25 _the. student

LT qg.t,m,se_lprs Cold, em‘themrij,equﬂs,tﬁ..}zéé ;,g._l
mmedxately “learn’ whether or a0t the cou:se we:e availa‘bie.

—— T e

ag airline ox hotel systems. Each student uould be schedqled _as~h

swould he made imedia:gly. S T

4.2, Attendance ,Rggor'ttrfg, - ‘ S '

card containing the student s -name 1:0 *ha sehool ca;d re_ade

- _telet}rpewriter.s_ar&avallahie a tea..her _would _record absences dixectly»

via teletypewriter. Master lists of abseuces are prmged ‘at the schqol—l:'

school. The student master file is aut:_oma:z.cally upd;;_tefl: w}:h Eh;s ;.}:__—

The current attendance profile for Marvy Jones would then be printed

: tendance information. 4 counselor or teacher may request an atfendance. .
o profile for any student (e.g., Mary Jones) by typing on the -teletype-
E i writer: 7
i
E. g FIND: Attendance: Mary Jones
r

on the printer.

- 4.3. Crade Reporting

A teacher enters her students' grades in her teacher file either
by recording them on mark-sense cards or by entering them on the tele-

typewriter. When grade reports are wanted, the teacher requests that




-78-

} “the. -computer aversge. hex students' class grades, Since all the grades
o ;haye heen stored 1n a computer “gradabogk," the teacher meed not enter

ithese gradea.,_Shg may apnly diffgr¢ncia1<ueigh;*n5rxq the tgsts,_nnd o

et E e e e - = -

a "obtaln'eummarv ntariatirs for her ciass--the<nman, staudard

&fter~yﬁxxiicatign'

_offtheae reports 'the teacher indicatas that renorc ‘cards: shouid. ne_.______"______€

gyrinied -and’ the,students cumulative recordﬁ should be updated witb

:ﬂe‘?e d.’.ﬂ?a_; - It EUY'.BQQLEDI&LJEP_QIILQWQEM UU?_ cuc ‘-hs- oot e
-jaté}ﬁie:m weuld be.oxganized so tbat rhis could be.done easily and o
fnx‘gxample -8 vogabylary for report gemeration of this sort

;;could bg estsblisheq “To obcain ‘the rark of students in her English

103 clasa, the-meachar xgulﬁ inszrusx :he co:putgr to -

?ANK English 108
' “FDHJ* “Failures —(1)

e - o —ma e e e P

»,giﬁgé ggcgrds hip qnsver, gnd at tbe completlou of the quiz stores his

%»-—;”“te £ 8gget" and“his,gcore -on tape or disk. Besides the scoring and

7 réﬁording fea;ures, in a data system design which includes automated
testing,rfhetb can be additional capability which provides the teacher

_ or school adminjstrstor analytical tools. For example, item analysis

i ) of tests may be a part of the testing procedure. In additionm, such systems

could provide a data bank of questions used by teachers of this par-

ticuylar course. The teacher could select questions and have the test

' 55- : automatically printed on duplication masters.
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TAPE FILE A-1 (School Student -Master File)

-: 135-162
©163-164

1 Blank
‘Birth Place

"Beginninz

Atten(hpu:

- *Mog;h
{Blask -

= St:,xd.mt Nlme

| Student Ruidenc;
Addreu

mdent'i Sex

Bhnk

T Smdent't Tele- V
2 *g}wxm No.

-} Birthdny

Blank

1-Diatrict of
Residence

;:Bhnk

Entry Code

‘ELD o
CONTENT FIELD DESCRIPTION
o dSchool - 4 The firat two. pouuonl number caode the county; th
T ;_-1d,gn§§£ic§}x9_§u -~} next three, the: dntn:iramLthc ladt three; the achocl
S =T T L Tl within the diatridt., T o
] % __}____ The first p:::*....... iz ax '.‘"?i charagteriatl sther———
AT T positions must be aumeric, - )
T Studentts T T 1T0LR, tvoe nf classTenFallad in; nz A-H"Ts1.. length
i ’Att'ehd.;‘naf“— . osd.xlzkin,iggg,;ten_ o D

‘The firat month student attended the school for current
achool year,

-} Self-explanatory {Last pame {irst}

The first 20 potitions denote the street; the next 15,

* 1 the city; and the last 5, the ZIP code.
IMer ¥

Azex code and mummber

-1 Month (1.9, O, N, or D), Day (two poutwnl), Year

e e

TTi({two positions)

-City or City and State

The {irst two positions dencte ths county and the last
three, the district.

Enroll/Withdraw code,

If the student is enrolling, use the following code:
El = Students enrollmg for the first time in
public school this year,

Students enrolling for the {irast time in a
California school this year.

E2

E3} =
E5 =

Students earolling as a transfer.

Students enrolling through scheduling pro-
cedure.

R * Student enrolling as a returnee this school

year.

Students enrolling in private or parochial
school for the first time this year.

#0-847

—————— e ——



CHARACTER

POSITIONS CONTENT FI(ELD DESCRIPTION
" 163-164 . | Eniry Code "£7 = Stadents enroiling for the firak timesina,
{zent} {sont} private or paroghisi’s -c‘*ch ‘.n Cal‘
E8 = Students enrollingasa: truu{gr Ircrmr
o o o  privatear narm‘hul achool’™ - o T
- e e tudent i “withdrawing from” sshqol “usethe T
_ ~ following code; R ,_....:..;., —
3 ) R - ;_ fi‘? ":_I{I:V Trans.{er to )ngh school E’}f_hi‘t.d.‘,i&{‘_‘i‘;_,._,_
L2 = Transfer to district within county, - N "j—‘;
L3 = Tranafer to district outside county,
14 * Transfer to continuation bigh. i
Ls = ‘I‘r&miez to ndult lnnu. - -
L6 = Transfer to CYA or county prob;tion. ' B i
LA = Moved, no request for transcript.
LB = Exempt. parents' requast,
IC = 'Health; including plychql§gicgl.
LD = Married,
LE = Pregnancy.
ILF = Work.
= 1 LG = Military. e S
LH = Over 18.
= Over 16.
LK = Suspended {(end of term).
LL = Expelled or sxcluded.
LM = Others.
LN = Unknown.
LX = Administrative.
LZ = No show.
RH = Return from home,
HT = Home teaching.
165-169 Entry Date Date student entered system.
170-174 Date Left Date student left syastemr,
175-176 Leave Code Explains reason for leaving,
177-180 Blank
181-200 Parent or Self-explanatory

Guardian Name




TAPE FILE A<l {ceont).

{Schooi Student Master File}

f3sa317 T

T374-386

387-476

477-489%

490-498
499-507

SRS

L Month’(y Atten-

['Total Yearly
“lAagnces

1 Achisvament Tast]

CHARACTER ~ | FIELD e T
| Emergency Parent ar guardian’s addreas,
womssl Gonmtae m oo s e R )

E'rc'ge'cy

Coumelor Namc

et e

“Picture

=

Appomo nnunt
Days

~Sequence-Numn- -
hexs and Marks

Data

Scores for the
Ten Sections of
the Achisvement
Test

Aptitude Test
Data

Language Score
Non-Language

| Sett-explenatery.

'3'(5?_

— =X or-O-(under publiclaw B74°0r not, “respectively).

X ‘oxi';i;xééﬁplgigg driver training or nat. reapecttively).
“I'X oz O {completed first aid course or not, respectively)
| 1-6 (accerding to coded ang:eé_try).

-} current manth to denate presence, Ablcnce. or boliday

: the w.celst& d.gnqte n.gmber of ti.mu tht:nt

B Numher of dAyl student Acmxlly “attended achaols.

Score
RN

or O {immunired roﬂg:gut rnutrtctxnn or

;ot meumsod,_rupocnvﬂy), fom moscimme L

19 (according fo any coded health condition),

Self- :xpltnuo ry.

Five positions are allofted for uch of four weeks of the’

for etch day of each we:k

Two pqutinzu are aliotted for each accumulated day of

‘Three; Poliﬁonu areallotied for the number of days
‘absent within-each of the following- cutegonec sick,
nnexcuud and not enrolled.

DR I R

Seyen positions are alloited for each of eight courses;
the first “hree positions for each course denote the se-
quence number, the last four, the mark.

"The first four positions denote the test 1D number, the
vext two codes the form used, the next two denote the
‘test level, the next four poaitions denote the month
and year the test was given and the grade (K or 1-12),
and the last position denotes the NORM (the average
grade obtained by students of the same level as this
studenat and taking the same level test).

First five positions denote bucket or sub«test number,
snd the last four denocte the sub-test score (repeated
fields for each aub-test),

Same type of data as for positions 375-387, above,

For the aptitude test.
For the aptitude test,

47
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TAPE FILE A-1 {conth

{School Student Master. File)

; —
"CHARACTER — - |-~ FIELD -

POSITIONS

CONTENT

Totﬂ_ :Scotq

PP CRae
Last two scorea combined. 77

Nurmbar for sarting by classroom

[N Ui OO

1 Room Number - 'Self-cxpunnory.’—r—-——-*,-MwQu e
Blazk
"G, PrA

1-Sort Room No - —

Grade Point Aversge - = o -




e oo - APPENDIXCB 0 o e
California Administrative Code, Section 79a, requires:
—'fé.ﬂla x&&fif'pupif"‘ S T
- -ho -Date-of-birth,if pupilds amimor.~ ¢ -~ - = -
" 7¢. Method of yerifylng biLLhdate of pupxl being admitted to
,;-__kinderg‘ar;en Or__fj:rat_grade RN t._’:::." ImITI Il oIl

e e ‘_.....d..h Elace..oiJ;in:b, A ime wame e R

w_g,n_;a@g”ggg,add;a¥a,gipyaxgntuh@x;ns_cus;ady, or guardian if
- pupil'is a minpr. )
i. Entering and Leaving dates for::

—~{1)'1§§ch school year.
- (2) "Fach summer session which provides credi:.

7 {3). 'Bach extra session WhiCh‘PtuVldeS credit.

. -Subjects raken each year or half year.

:fﬁyéfksjd; credits allowed toward graduatiom,

P e B el e - g eyl it
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'IESTING PROGRAM, 1568- 69, SANTA MONICA SCI;POL DISI’RIC.'I‘

S,

Agpendm C

bANTA MONICA, CALTFORNIA —
Date fox i o _1_ .
Administering | Grade . Schoel . “Name..of Tes
T s e —— ekl ele“.e"ttary T e o
Oct 7-11 74 | schools | -ITBS - I-‘om 2(3&51: T
- e ‘AIL el,e—me-!}t.ar}’»* et ARt i e et grotuhetinistn
ot 7~ 11 Ty T T achoolaa T ITBSZTForm«I{BIuefA-‘r—-'7~4-\1:— et =
ST 1Al elementarv "Stanford Readdng T T “\_‘:"7; S
Oct 7-11 6 schools | Intermediate 1Y - Form W ___ . - R
All elementaty | Lorge Tharndike - Fogrm 1 ©. ..
Oct 14-18 5 gchools level § - V & N=-¥ - ST
All elementary | Lorge Thorundike -’Fam 1
Oct 14-18 & schools 1 1evel D -~V &NH-V L=
AlT elementary | 1183, Stanford, lorge T
Get 14-25 4,5,6 schcols Thorndike--Plck-ups . . e
Lorge Thorndike - Form 1 = s
Oct 7-11 8 Adams  Level F - V & N-V S
Jct 14-18 7,9 Adams ITBS-Form 2(Red) - B oA
Vet 15~ 18 B Adams TTBS - Form I{Biue) - P
Qct 14-25 7.8,9 ] Adams Pick-up Testing
Lorge Thorndike - Form 1
Oct 7-11 8 Lincoln level T - V & N-V
Oct 14-18 7,9 Linceln ITBS - Form 2(Red) L
Oct 14-18 8 Lincoln -ITBS ~ Form-1(Blue) - e
Oct 14-25 1 7,8,% | Limncoln Pick-up Testing .
Oct 7-11 7, Malibu Park ITBS - Form 2(Red}
Cct 7-11 8 Malibu Park ITBS - Form 1(Blue)
Lorge Tnormdike - Form 1
Oct 14-18 8 Malibu Park Level F ~ V & N-V
Qct 14-25 7,8,9 | Malibu Park Pick-up Testing
lorge Thoradike - Forxm 1
Oct 7-11 10 Samohi level G - V & N-V
Tests of Academic Progress
Oct 14-18 10 Samohi Form 1 - Reading Section
Oct 14-25 10 Samohi Pick-up Testing
All elementary | Stanford Reading Test
May 1-14 1 schools Form W, Primary I
"AlT elementary | Stanford Reading Test
May i-14 2 schools Form W, Primary II
All elementary | Stanford Reading Test
May 1-14 3 schools i Form X, Primary II
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5. remct& re«der and 1inc printcrs “may be gxpeytedygg;bﬁ samﬁyhatw T

fcharggs. Thg transactious whxch together mgke up these actlvitles are

ﬂ{?"iﬁ}r liated along with the-- iuput, ogtput, description frequency, cost per

'3¢ransact1nn,and-qpst per. pupil

~The” ln_ormation £or transactian input, output and description

NN R R e

canes ma niy from Tahles 6,206,246 of Feasibilitx Study of a Central
_ i&irig:Fac ‘{11, pages 54-56.) This feasibilitv study
E ‘used IQO 000 students for its. populatlon size, In obtaining the trans-

f«;‘a;:ign cost and per upil cast, we also assumed 100,000 students,

These nnat estima:es assumed the characteristics of equipment as

: REMOTE EQUIPMENT
e Teletypewriter 10 characters/second

= : "Line printer 3C0 lines/minute

‘Card reader 100 cards/minute

B ’ CENTRAL EQUIPMENT

E : lipe printer 800-1200 lines/minute
S Card reader 80C cards/minute
% o Card punch 400 cards/minute
Magnetic tape 75 inches/second @ 556 bpi

Disk units - 100,000-200,000 charac/ters/second
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- d. Disx storagp cha_ges

on the relative use of magnetic tape storage, which has negligibIE‘

cost but should not be used for records needing daily access, agd - - -
digk storage, which ig costly, o o
To estimate costs for a school system with 10,000 studeats, fixed
and variable charges are estimated below. '
1. Fixed Charges
2 high schools, 2000 students each

3 TTY @ $70/mo. $210
1 card reader @ $160/mo. 160 o
1 line printer 2 $400/mo. 400 R

$770 x 2 = $1540 _ 4
8 elementary schools, 750 students each L

2 TTY @ $70/mo. $140 S
1 card reader @ $160/mo. 160 .
5300 x 8 = 82400 -
District office (same as high school) $ 770

$4710/mo.
2, Connect Time and Central Processing Unit Charges

Current charges in commercial time-sharing systems
range from about $6.50/hr. to $10/hr. counect time,
with ¢pu time ranging from $ .03/second to $ .10/
second, depending on the capability of the central
processing unit. For many school applications, the
principal activity involved is printing, with very
little central processing time.* TFor an applica-
tion invelving grade reporting as an example, time
charges would be something l1ike this for a 2000-
student high school.

*
In some time-sharing systems, the central processor is used for

auxiliary functions such as printing, thus adding cpu charges to connect
time charges. Because of this, for applications such as those under con-
sideration in this report, systems which use auxiliary processors for
input and output operations should be used.



-90-

2000 students x 15 lines/student _;'r':x" R
200 x 60 lines/hour + 2Qurs

2.5 hours x-87.50 = $22.50/grade xeport for 2000 students
o oo In"the-10,000 srudept district, time charges would be $111.50 per re-
. ._meriing. E:riud ¢r § .Gi/srudent.

_'“,:.;‘;_ ST t:.—: It is clear from these estimates that for most pupil personnel
- :;;1; - ractviry; wiichiiavoive principaliy inpuc “and_output=procedures, the -
| time charge will likely be a smaller part of the rotal cost than )
A._ 7_;_111.;‘_;‘-.:,. {emiml E(_liligmeﬂt 7:: V'_»»._Hf: - .. . ‘A T T T T oI
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can communicate with hi

~ ments on standardized forms, with the aid cf a dictiognary describin

=98~

APPENDIX E
®
EDUCATTONAL RETKIEVAL SYSTEM

The user (e.g., administrator, counselor, teacher, or researcher)

"

communi datz base in twe different ways. In the off-

line method, the user expresses his retrieval and analysis require-

=
the data in ais system. The forms are keypunched, fed to the computer
and later the user receives his easy-to-read reports. In the on-line
or interactive method, the user sits at a typewriter terminal linked
to a computer. The computer and user carry on a counversation in which
the computer tells the user what data elements are in the data base
and what statistics or lists he can obtain. Thre user specifies what
he wants by answering qu:stions and the computer immediately produces
his reports and statistics. Neither the off-line nor interactive
method requires a programmer to help the user specify the students he
wants included in his reports, the data elements he wants used, or

the cholce of statistics that are to be computed.

This general purpose system could be used by administrators and
counselors with their histerical data base to convenilently answer per-
tinent questions such as: Which seniors heve not completed all of
the requirements fcr the Stare University? How many students scored
below the 20th percentile on the math achievement test? or: Which
students are eligible for Honors English? Counselors could use the
system fer individual program planning and to relate the student's
performance to specific group norms, or college entrance requirementet.
Researchers could use these historical data bases with this general
purpose system to study relationships between early measures of

behavior and subsequent performance.

X
Designed and written by Barbara Marks, Management Sciences
Department, using RAND's JOSS interactive computer system.
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Pick one of these modes:

1) Build & data base or &dd etudenis to an exisiting data base.
2) Change the existing data base.

3) Querry the existing data bass,
Your Choice = 1

OPTIONS AVAILABLZ

1. Input Student data
2. Change Student data
3. Describs corrslations
4, Cempute correlations
5. Describe naw Student attributes

6. List Student data

7. Finish

Choose one of the following:

1) Adding more students to an existing iltem.
2) Adding a new itam to an existing data base.
3) Building a new data base,

Your Cholce = 1

The characteristics of students stored in item 10 are
Student ID's range from 2767 to 983142,

Sex: 1 = male, 2 = female, i5 from 1 to 1.

Students are in sample i to 1.

KHumbar of years students were in the system range from 4 to 4.
Students were ‘in gchool 2 to 3,

The characteristics of students stored in item 11 are:

Student ID's rangs from 3223 to 993826,

Cax: 1 = male, 2 = female, is from 1 to 1,

Students &re in sample 2 to 2.

Numbar of years students were in the system range from 4 to u,
Students wers in school 2 to 3.

The characteristics of students stored in item 12 are
Student IN's range from 1000 tc 9%u0Sk,

Sex: 1 t male, 2 = famale, is from 2 to 2.

Students are in sample 3 to 3.

Number of years studants were in the system range from 4 to U,
Students were in school 2 to 3,

.

The characteristics of students stored in item 13 are:
Student ID's range from 9607 to 994282.

LYV RN
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Sex: 1 = male, 2 = femals, is from 2 to 2.

Students are in sampie 4 to &,

Number of vearz students were in the systerm range from 4 to M,
Students were in schoel 2 to 3.

~--ltem-Number = 10 -

Optien = 6. S L
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Describe the characteristics of the sample you want included
Do you want all students included? (y orn) = n , o T
Specify the restrictions on the sample. For each S
attribute number include a comparison operator ang the ) s
limiting value, -
You may specify the same attribute more than once. N

Stud ID Sex Sam Yrs Sch Grade Pr Ave DAT STEP
9 13112 AL V K R M.

The comparison operators are: 1izequal,2=not equal,3=less than,i=greatar than
Attribute Number = 8

Comparison Operator = 4

Value = 3,5

Include students whose attribute number 8 is greater than 3,50,

Is this correct? (y orn) = vy

Any more restrictions? (y or n) & n




57031
127768

T 258188

L 378810
- - - “": - 406555
o £79300
828283
971339
330517
380734

€19735

766061

925369

85132
135375
140593

275113

378226
£0627¢C
665021
7378986

820261

TN DV e T ey P

1348 6/28/69  #16 bn

1 1 n
1 i u
4 i 4
11 4
1 1 4
1 1 4
1 1 u
1 1 4
1 2 Y
1 2 Y
1 2 4
1 2 4
1 2 Y
2 3 4
2 3 4
2 3 4
2 3 u
2 3 4
2 3 y
2 3 4
2 3 u
2 3 “

1702

-102-

Grada
9
3.58
3,43
3,93

3.17

Pt

3.65
3.93
4,00
3,88
3.80
3.76
3.60
3.87
3.76

.41

3,62
3.59

J.u1

Ave
11-12  ALL

3,61
3.56
3.55

3.70

3,66
3.64
3.62

3.51

23

40

25

36

15

30

30

18

40

18

33

26

26

29

L0

DAT

N

30

33

3

v
m

38

15

33

27

2u
25
25

15

23

33

25

28

26

K

38

63

61

65

58

64

$6

€7

85

62

50

S8

B4

58

80

55

60

66

62

62

)

45

40

41

&1

42

37

ué

38

By

29

3€

37

25

33

16

40

24

28

31

32

43
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1351 8/28/69 ¥16 bm
Stud 1D Sex Sam Yrs
823624 2 3 4
829298 -2 3 u
950867 2 3 4
963425 2 3 4
9guO5H 2 3 4

36112 2 4 4

85075 2 4 4

96247 2 4 u
101548 2 u I
205915 2 4 4
213040 2 n M
316837 2 u Y
ugs871 2 4 y
495646 2 4 4
Optien = 5§

1702

Sch

[ XA

-103-
L A
Grade Pt Ave DAT STEP w0
g 11-12 ALL V ¥ R _ A e
4,00 3.82 3,79 28 31 63 ‘@é‘ - -
3.57 3,53 55 17 - 31:-gminggmi-ﬁf~f»ﬂ~v_-;ff
3,92 3,73 3.64 2% 30 61 31 . :ﬁ;ﬁ;:
3,75 3.93 3.78 15 b3 e 22 I
3.92 32.60 3.62 21 23 56 30 |
3.75 3.53 3.53 36 32 56 39 :
3.67 3.60 3.67 26 16 56 23 '
3.50 3.53 3.55 26 19 62 32
3,71 3.71 3.71 3 32 62 29
3,57 3.53 3,58 22 24 56 23
3.83 3.50 3,59 25 33 58 M2
3.75 3.67 3.72 3 29 69 33
3.85 4,00 3.92 41 29 65 34
5,00 .00 3,98 44 36 68 35 )
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w : New attributes are computed as a function of constants

F“’ ' oparators and already defined attribtues,

! These new attributas can be used to cumpute more attributes.
Attributes already in the system are

: stud ID Sex Sam Yrs S¢h  Grade Pt Ave DAT STLP

S . -8 13-12 AL Y ¥ R

Paims e e “Code 2 2 3 4 5 ) 7 8 g 10 11

ke arithematic operaioss arei— 1 = gdd, 2= subiracty  — 7
z pulriply., 4 % divide.

. : ew attributes are evaiuvzted form left to right.

L An operator vajue of 0 indicates that you have complered

I T the inputs for deriving this atiribute,

Choose one: 1 = constant value, 2 = atgtribute number
Your choice = 2

Attribute Number 2 9

Operator = 1

Choose one: 1 = constant value, 2 = attribute number
; Your chojce = 2

. : Attribute Number = 10

F : Qperator = 0

}

{

Attribute Number 13 = Attribute Humber 9
. + Attribute Number 10

Is this correct? (y ar n) =y
Another attribute? (y orn) =y

Choose one: 1 = cornstant value, 2
Your cholce = 2

Attribute Number = i1

Operator = 1

Choose one: 1 = constant value, 2
Your choice = 2

P Attribute Number = 12

1 : Operator = 0

artribute number

attribute number

Attribute Number 14 = Attribute Number 11
+ Attribute Number 12

Is this correct? (y or n) = y
Another attribute? (y orn} =n

Opticon = 3
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Select the attributes you want to correlate., Input attribute

aunber or 0 if you have completed your selections,

Stud It Sex Sam Y¥Yrs Sch Grade Pt Ave DAT

* 11-12 ALL V X

Code 5 ? 8 g 10
Attribute Number 13 % Atiribute Humber §

+ Attribute Number 10

+ Attribute Number 12

Attribute number
Attribute number
Attribute number
Attribute number
Attribute numbar
Attribute number
Attribute number
Attribute number
Attribute number
Attribute number

H N BN H It BN
(WY
o

The attributes you have selected are

W WD

10
11
12
13
1y
Is this correct? (y orn) = vy

Describe the characteristics of the sample you want included
Do you want all students inciuded? (y or n) = n

Specify the restrictions on the sample, For each

attribute number include a comparison operator and the
limiting value,

You may specify the same attribute more than once,

Stud ID Sex Sap Yrs Sch Grade Pt Ave DAT
] 11~12 ALL v N
Code 1 2 3 4 5 6 7 8 3 10

The comparison operators are: 1zegual,22not equal,3=less than,4=greater than

i -~ A 2%
& Humber 1% = Attributs Mumbey 24 .

STEP
R

11

STEP
R
11

M
12

M
12



- —— AT ST Yy — e
r~. DR P EP bR e T
- k]

3
- = e et e - e
: 1400  3/28469 #16 bm 1702 ~106-
|
A .
.
f- ;
b Attribute Number = 3
e Comparison Operator = 1
S Valus = 1
Include students whose attribyte number 3 is equal to 1,00.
ST "~ 1s this correct? (y orn) = y
_ Any more reatrictions? (y or n) = n ,
Option = &
£
b
i
i.
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Correlaticns
Stud I Sey Sam  Yrs zh Crads be Ays
g 11-12 ALL
Code 1 2 3 4 5 (<) 7 8
Correlation Attr. No. Mean S.D. Atrr. No,
.07 6 2.37 .09 7
A -1 St - 7 SR 2Nt L" E it - S
7 =) 2,37 .59 Q
47 6 2,37 .58 10
Y- 6 2.37 .59 11
52 6 2,37 .59 12
.91 6 2437 .59 13
93 6 2.37 .59 1y
.90 7 2.28 .62 8
Jlh 7 2.28 .62 9
48 7 2.28 62 10
.50 7 2.28 .62 11
.52 7 2,28 852 12
.51 7 2.28 .62 13
<55 7 2.28 .62 14
.51 8 2,40 .56 9
.58 8 2.40 .56 10
«56 8 2.40 + 56 11
.61 8 2.40 .56 12
.59 8 2.40 «56 13
63 8 2.40 «56 by
.68 9 16.18 9,06 0
- 9 16,18 9.06 11
«70 g 16,18 9,06 12
.92 9 16,18 3.06 13
.79 g 16.18 9,06 iy
.63 i0 15.61 8,81 11
.72 10 15.61 8.81 12
91 10 15.61 8.81 13
.72 10 15.61 8.81 i
.71 11 Luy,66 11.35 12
.76 11 4,66 11,35 13
.95 11 L4, E6 11,35 14
.78 12 24,90 8,26 13
.90 12 24,90 8,26 iu
.83 13 31.78 i6.38 14

Sample Characteristics

Include students whose attribute number 3 is egual

Attribute Number 13

Attribute Number {4

Attribute Number 9
+ Attribute Number

Attribute Number 11
+ Attribute Number

DAT STET

v N R #

3 10 11 12
Mean S8.D. No. =

2.28 .62 _ 165
T 2.0 T 5B - 188
16,18 49,06 165
15.€1 8.81 i6S
44,66 11.35 165
24,90 8,26 165
21,78 16,38 165
69.56 18,16 165
2,40 .56 16§
16.18 9,06 165
15.61 8.81 165
L4,66 11.35 165
24,90 8,26 165
31.78 16.38 165
€9,56 18,16 185
16.18 9,086 165
15.61 8,81 165
Li,66 11,35 165
24,90 8,26 165
31,78 16,38 185
69.56 18.16 165
15.61 8.81 165
4,66 11,35 165
24,90 8,26 165
31,78 16.38 165
69.56 18.16 165
Ly .66 11,35 165
24,90 8,26 165
31.78 16.38 168
63.56 18.16 165
24,90 8.26 165
31.78 1€.38 165
69,56 18.16 165
31,78 16.38 165
69,56 18,16 165
69.56 18,16 165
to 1.00.
icC
12

t ‘I,

LA
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Option » 1

- Student I.D. = 2367u1
Sex, Male = 1, Female =2, = ?
‘Sample srudsnt - assigned to, = 3
Number of years in system, = 3
~ High school attanded = 2
" ‘Verbal score on DAT. = 23
, : Numerical score on DAT. = 35
i- : Reading score on STEF, = u?
g i Math acore on STEP. = 31
; Cverali Grade Point Average. = 3,31
g : 9th Grade Grade Point Average axcluding P.E. = 3,56
; : 11~12th Grade Grade Point Average excluding P,E. = 3/u2
i

Stud ID Sex Sar Yrs Sch Grade Pt Ave DAT STEP
$ 11-12 ALL V N R M
236741 2 3 3 2 3.56 207 3,20 23 35 w2 31

Is this correct? (ysyes, n=no). = n
‘ Input more data this item? (y or n). =2 n
3 Input more data this data base? (y or n). = n

M } Option = 7

Flease turn me off, Thank you,
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