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COMPUTER SUPPORT FOR A SYSTEMS APPROACH TO INSTRUCTION;

-

PRDBLEM STATEMENT AND DATA ENTRY TECHNIQUES ~

- by Eugene k. Coll1ns and Dean C. Larsen
I »  Jefferson County Schools . -
Lakewood, Colorado 80215 -

ABSTRACT  ~ : ¢

‘ {

’ The Jefferson County Public SChgpls “ig conducting a study
which implements a digital time-shared computer as support for
a systems approach to instructien. This study presentily invoives
one elementary school but it will support a total of 13 schools in’
the future.. The computer support includes computer generated
criterion test forfis. The items for the test forms are rapdomly
: . selected from a test-item bank. Additional .computer support
i includes the use of a remote document” reader for test-scoring
- and updating’ student agademic records. The records are updated
’ using test results and teacher certification“of mastery. Data
- from academic records is being studied to determine jts useful~
¢ ness for formation of instructional groups in a multi-unit
elementary school, The désign of feedback repgrté to teachers’
15 being studied in order to optimize the repoft's usefulness
in instructional processes. The effects on teacher's roles
caused by the combuter support of an exxsting instructional -
“  system are being observed.
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.COMPUEFR SUPPORT FOR A SYSTEMS AP?ﬁpACH'TO INSTRUCT,ION

.PRGBLEM- STATEMENT AND DATA EN%RY TECHNIQUES
by Eugene A. (b11ins and Dean-C. Larseh
- Many programs for individualizing education have been developed during

‘the last ten years. An outcome of these exger1ences has been the identifica- °
» .

tion oL‘a problem which is coimon to, all attempts to in jvidualize. The
problem 1s one of data management At any givén time students 1n a phrticular

group may be at many different places in the curriculum, each student in the group:

F)

baging different learniyg needs. Information about the learning needs of
each individual is usually available. However, techniques have not been de-

veloped for effectively managing this informakion for optimizing the instruc--

_tion for each studént.’

1

This papen is a descniption of a National Science Foundation™ project v

located in The Jefferson County bublic Schools, Jefferson County, Colorado.'

The project is designed to deévelop computer snppqrt‘for an existing'instruc-

a

tional management information system in schools attempting to individualize
instruction.: The primary purpose,of the project is to develop the.data marage-
- . - . -

- ment techniques required %0 group students with similar learning needs. “\
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.~ The Jefferson County Public Scheol d1str1ct has defined curriculum in’

language artsy mathemat1cs, and reading by stating expl1C1t student perform-

L] . )

ance objectives. Procedures for monxtoring student’ progress against these
object?yes bave been identified. The programs have been 1mplemented through
'grade 8. In mathemat1cs criterion test items have been developed darallel

" to the objectives. Levels of mastery have been establ1shed Dependency -
hierarchies between.obgectuves have been identified, and multiple learning

-activities have been designed which relate to these objectives.
B
IThe work reported in this paper was.perfonned pursuant to Grant Number
- GY 11109 with-The National Science Foundation, Experimental Programs Group,
Office of Experimental Projects and Programs. Any opinions, findings, con-

clusions, or recommendations expressed herein are those of the authors and
‘do not necessarily reflect the views of N.S.F.
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cedures nor the tipe necessary to process wt.-gf
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Teachers are keeping records on.individuaf student performaqce agajnst
the objectives. However, these records on individual jtudent per?onnance_are
not generally used as a basis for selecting appropriate learning activities.
Furthermore, 1n most schools, the formation of student groups for 1nstruct1on
is not accompl1shed through uge of past perfonnance records. That is to
say that student records are not widely used as input into the formation of
groups of students for instruction or into the design of instructional stra-
tegies. As -a result, effective group1ng of students for experience w1th
appropriate learning Jct1v1t1es does™rot “always ocour“ Students max/ﬁe pro-
‘vided 1nstruct1on/)9>sk1lls whlch they have previously mastered or for which
they do not have the necessary prerequisite behavxors.

While systematjc diaonosfs of student's individual needs may occur,

this diagnostic information is not always available 1in a useable form when

. * . \ 4 . .
students are grouped for instruction; This is due primarily to the fact that

instructional decision makers have.too'much data. They do not have the pro-
VN o .
The project descr1bed here is developlng a solut1on to this problem
Funded by The Nat1onal Science Foundation Office of Exper1menta1 Projects

and Programs, Experimental Programs Group, the proJect T titled The Computer

Support for a Systems Approach to Instrudtion. A computer system which

will aIlow 1nstruct1onal decision makers to process records on student per-
formance .is presently being developed The outcome of the appl1cat1;~‘of

this system wlll be the formation of studeqt groups for 1nstructwon

The system is belng developed’on a ‘Hewlett-Packard 2000 ser1e§ tima-
shared computer. Communicat1on and remote data entry are handled over tele~

phone lines with a General Electric Terminet 300 termina] and a Bel! and Howell

™ »
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system implementation i!rcompleted in the development school. #
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Develor ement }s taking place at Normandy Elementary'Schooi. After
refinement g~ ° fjeld testing the system will be installed tn a total of ) }

eleven schoois in the Bear Creek/Columbine Area of Jefferson éounty. These
o g r

schools will be added in two waves over a period of four years after the

. 1

[N

The .system 1s be1ng developed. in manner which will provide for the
. ! .
maintenance of performance informadtion on chiidren in any discipline. Current!y,

mathematics perfonnance records of students 1n the development school are o
be1ng managed on, the computer Fougyyears of performance h1story are being
maintalned on eaoh‘ﬁndtvxdual. In order to 1nsure that these performance /
records are current two system components for updating them have been developed.
The first component provldes update by appllcat1on of, cr1ter1on referenced

testing for mastery. The second component aliows update by teacher Cert1f1ca-

tion. : -t
. R : ; . ‘
J - : —

When téachers are 1nterested in test1ng students over any subset of

»

—

.

objectives, in mathemat1cs, they call for a test using the test generat1on "
Subsystem. This subsysjem generates a recipe for the test by randomiy seIectina\\
itéms for each objective from an item bank. The item bank contains approx1mately
80% multiple choice Yitems. The rec1pe\produced by the computer llsts the | ’
items to be used on thei§2st, the order in which they are to appearsand th; ‘ _T W
correct answer. Multiple cho1ce 1tems are ligted first followed by items
requiring more deta1led student responSbs i%‘s\recipe is used by an ‘aide

who constrdcts the test by drawlng items from the item bank.

1
LY

r s
- . Y
. . The decision has ‘been made to use only two test items per objective.
The criteria for mastery is that both items must be answered correct%y.
‘ -
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The fest is adm1nistered to students. They respond to multiple choice

jtems on an answer card shown in figure 1. Students respond to non-multiple ;
choice items on their test paper. These non-multip&e choicE"items are then
graded and transcrfbed,to ;ne answer card by an adult. :hn answer key is -
filied_oot-frOm the test recipe. This k&y is entered thrdugh the'mark docu-
ment reader along with the student answer cards. Grading of the test is

done by,compoter. The student's academic performance records are automatically#3

. - * “1 . .
. updated by the system. A summary of test results is"printed.out for teacher

L

analysis. ‘ v 4 \

The advantages of this procedure are numerdus. First of'all, therex is

~m»total flex1b1llty regardxng which obJect1ves are tested together Random

selectaoh of items from the bank is also assured. More ' than one
i

form of each test can be generated and there is no need for computer storage

.‘,r‘ !

of the answer keys. Automated grad)ng and record updaté is provided along
with enough human interface to allow for non-mu[t;ple choice items. *
~
A second component of the system a]lows for update of student records

through teacheﬁ\observat1on and subSequent*oertifhcat1oh of mastery This

i is.a necessary cohponenf of the system because many mathemat1cs obgect1ves

.

through the second grade are not appropriately measured using gaper and
,pencil. Sthdent behaviok described by these objectives inc]udes verbal response
and application of'manipqlative devices. These oehaviors must be observed
and recorded by the teacher. Furthermore, tiis teacher observation and '
gertification is #n appropriate assessment of student behavior beyond
second grade,

The need to update records by teacher observation and certification is -

being supportéd by the form shown in figure 2.' \The fein §s initially

. blank on the left side. The heading, containing stude' . name, s&stem number;
! / _

.}-m
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figure 1
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\ Mathematics 'os
oo : Stutlent
Ngpe : NHumbér
BOY ERGetans 359
Date i , : o
April 8, 1976 . ‘
Q » Al . ]
; L \ . # of Masters
Level 0Ob jective Mastery in Group
D < 8 : 3 43
b @ 24
D 16 29
D 31 26
D 33 M 27
E 22 : ‘ 28 .
E 42 . 12 %
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figure 2
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mathematics aeﬁel, etc: is printed by the terminal. Forms for each student -
. “in & particular group are kept togethec-ia a folder. Teachers observe'ieaff“w

vidual stuaent behavior. Mastery of particular objectives is then certified
by marking the apprepriate.code on the computer readable part of the form
on the piéht side. Thesg ferms are read pe?iodfcally by the mark document
reader,Lh1ch has the capab1lity of reading both 3%" and 8%" width forms.

: Ash\aent records are up dated accord1ngly

As menf1oned before, the form in figure 2 is inittally blank on the
“Ieft side. Alternat1ve types of dnd1v1dual student prof1les are bE1ng

printed rematary by the term1nal in this space The project staff and

W
teachers are work1pg together to. determine which form3 of the individual

i

student profile are most helpful to_;\: teachers 1n.support1ng their efforts

in observing students.

e,

H
LS

Y
S, b

T a

" Now that many of the mass data entry prbblems have been solved, tﬁe prﬁ-t
mary task of the project is being purshea. ‘?hé task is to %ncrease the use- ‘
abiljty of the data for teachers, using. it to ferm instructienal groups.
The development school,laé well'as many of the Other project schools, 1s
- implementing Individually Guided'Educationﬁ Under this model ﬁ%chools
‘ are organized on a mult1un1t basis. Each.unit is composed of E?O to 150 stu-
dents with up to three years age d1fference The formation of such multiage
units increases the heterogeneity of the unit wich‘regard to student’s previous
. background and exper1ence This increased variety enr;ches'the Iearning :
experience which can be brought to any instruct1onal subgroup formed, w1th1n
the unit.- This heterodeneity is 1mportant to learning in any discipline
Within a muPt1age un1t, instructional sppgroups are formed in the skill

r disciplines on the basis 0F common, student Tearning need. These skill

disciplin?s are typically mathematics, read1ng, and Ianguage arts., Based on

efr observations and previous experience ‘with students, teachers 1dentify
. ¢
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experience for each subgroup.

analysis of historical records of student per%ormanqe:

“computer to probe the historical performance data in an attempt to form "

similar groups. The stated grouping criteria are dsed as‘a guide for develaa}ng
. “~ .

¢ . Page 6

clusters of objectived for which they think“instruction is needed. Student's
need§ with regard to these.objectives are assessed. If ‘instruction is needed,
abpropriate student groups are formed. - uh :

xLTﬁe multiage unit organization along with the ﬁfocedhré for subgropping
on the basis of skill needs has the following ahvantAQes. Some of the

héterggéneity present in the totahunit is maintained in the instructional

subgroups. Furthermore, variability in student achieyément in any subgroup

_is reduced. Thiq’al]ows the opportunity for pIanning'an'optimal learning °
N .

3

Siudent learning needs.related to any, cluster of objectives in mathematics

are assessed in two'ways; through diagnpstig test procedures and through'the

1

[

>

When a team of teachers feels the need to Eegrnup within their unit,
the objectives for potent%al inst;ﬁction, during the next instrﬁctional perioda
are identified. A pretest is constructed over preredﬁisigé objectives using
items from the test item bank. After administratiod of the Pretest the
results-are analyzed by . the teachers and the project sfaff Subsequent%y,

o
student' subgroups are tovmed; The criteria for this subgrﬁup formation

L
i r A

- . -

are recorded as precisely as possible.

While the tqachers age providing instruction, the project étaff uses the

.ol
*

alternative algorithms for subgrouping. These algor1thms are programmed and

., executed. The composition of the suggested groups wh1ch result is then compared
e

[ ]
with the composition of groups actually rece:vxng instruction. Phhthe future

. this procedure will be repeated regularly. Iheii;sired outcome is the dis-

covery of generalized algorithms for probing historical oe~formance data to '

produce instructional groups which are similar in comp.<:tion 20 ihose ob- )

tained through pretesting. _ , : \
¢ R V't B .1
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Any sucpessful application ofncomputer technology to,suppOrt instruc-
tion requires attention to the interface problems which exist between the ™
user systen and the technical systen. The level of technical Titeracy on

“the" part of educators 1s of primary c0ncern They need enough technical

l1terac& to- understand both the power and l1m1tat1ons of the computer;uEL‘\
/

" to comynicate precisely with it, The required level of techn1cal literagy

may be dtfferent for each educator.. This depends on the educator S ro!e .

-

in the schools and the person's relation to the information system These
’
var1ous roles and relat1ons must be observed. The necessary level of tech-

nlcal l1teracy must be 1dent1f1ed and prOV1ded

»

The problem of understand1ng and prec1sely model ing the,users or1g1nal .

information system is off equal 1mportance. Technical staff members must

\

recognize their role as one 'of modeling the users ﬁnformation system rather

than redes1gn1ng it to meet some external constraints. Only if ‘a precise

¥

computer model- is produced will mean1ngful computer service be prOV1ded
" These interface problems are much more .severe than generally recogn1zed
They are solved only through weII planned procedures wh1ch increase person

- to person commun1cat1on . In ordey to increase person to person commun1—
cation, the project has chosen the procedure oﬁ on-site development and
f’ L N

Al

slow expansion to other schools over & period of several years.
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