
152 785

, AUTHOR
TTTL

PUB DATE '

NOTE '

DOCURENT RiABIE

(

.Ritko, Anthony' J.
Assessing Students for
Purposes, -
Dec 76

, .

, Td 006 807

.

riptive and Placement

,

44p.; Taper presented .at the Annual Education
COnference (61st; Iowa City, Iowa, December 748,
1976)

EDRSPRICE AF-$0.83 HC-32.06,ilus Postage.
DESCRIPTORS -Branching;-*Decisidm !faking; DiagnOstic Teaching;

*Diagnostic Tests; *Educational Diagnosis; .

Educational'Objectives; Elementary Education;
*Individualiied Instruction; Instructional Materials;
Instructional Systems; Andwledge Level; Mathematics
Instruction; Pretests; Student Evaluation; *Student
,Placement; Testing Programs'

IDENTIPIEfS
',*Adaptive

Testing; Computer Assistet Testing;
*Individually Prescribed Instruction

ABSTRACT
The,placement and diagnostic tests used in

instructional systems designed to be adaptive tc the individual
learner's characteristics-are examined. Thie necessity of.pretesting
students before instruction is questioned. According to the author,
both the necessity for and the content,of the Individually Prescribed
Instruction (IPI) type of pretest should be more carefully examined.
While the diagnosis of errors is viewed positively, the.need to
prescribe specific instruction for every type.Of eiror is doubted.
The importance of analyzing the psychological.itructure of'aspecifc
course, thereby determining the'sequence of tasks 'necessary -in order
to facilitate later_learning, is stressed." Examples of various .types
of ,placement and prescriptive prodedures, including Individually
Prescribed Instruction and adaptive testing are presented.
(Author /MV)

4

***********************************************************************1
* , Reprodidtions supplied b'y EDWare the. b'est.that'can be made

from the.orUinal -document.
*****************************,********4*****************44**********44#

5

41



$
U S DEPARTMENT OF HEALTH,

EDUCATION f WELFARE
NATIONAL INSTITUTE OF

eOUCATION

THIS C4CUME NT HAS BEEN REPRO.
DUCE° EXACTLY AS RECEIVE() FROM
THE PERSON OR ORGANIZATION ORIGIN.
ATIND IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REP.

1 SENT OFFICIAL NATIONAL INSTITUTE OFr EDUCATION POSITION.OR POLICY
tt
C0

;

"pER.missio4TO.REPRODUCE'
c\I Assessing Students for Prescriptive MATERIAL HAS BEEN GRANTED BYIn

V in-14 T (1),1+j<and:-Pratemen,t Purposes y a

LJ
C:1 , e

, .

L
4

. 29

Anthony J. Nitko
,

University of Pittsburgh

TO THE ,EDUCATIONAL RESOURCES "
INFORMATJON CENTER (ERIC) AND

' USERS pr THE ERIC SYSTENI

0
4

A.paper presented at the Sixty-first Annual Education Conference,
VEValuation In, the Schools", Iowa city,' Iowa, December 7-8, 1976./

CC,

aL."17.

r

0

1

0



©f.
ABSTRACT

zi

Assessing_ Students for Prescriptive
and Placement Ptirposes"

- Anthony J. Nitko
University of Pittsburgh

This paper examines the use of placement and diagnostic tests in systems
of instruction designed to be adaptive to-the characteristics of learners. The

procedure al always pretesting before instruction is called into'question. It

is argued that both the necessity and the content,of the IPI --type of pretest
should be more carefully examined. before 'this pretesting paradigm is,widely
Adopted. "Diagnosing errors" isviewed positively, but the necessity of pre-
scribing specific instruction f9. every type, of error is queStioned. Examples
of ,a varieq of type's of placement and. prescriptive assessment procedureS are
given. The importance of analyzing the.49structionai context and the kinds
pr instructional decisions to be made is stressed.
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Assessing Students for Prescriptive
and Placement Purposes1

Anthony J'. Nitko . 7
,Univeriity of Pittsburgh

Vet's assume that an individualized course of instruction has been'

designed and that it has the following characteristics:

The terminal objectives, and goals of the course have been

Further, these goals have been translated intospecified.

defined domains of tasks, so that the student's performance

dp the tasks will form the basis for inferring that the
....t ,

student has. attained the course goals.
, .

2. A sequence of intermediate- leatning objectives that' leads

to the attainment of the terminal, outcomes has been 'arranged.

is

43. Various alternative instructional procedures hareen developed".
.

for each of these intermediate and tern pal instructional goals.

Now consider holl. students

through such a course. -Where should each begifi? 'What instructiOnal.
.

t most efficiently make their way-

I

procedures should each follow? How will students know when 'they are

finished?

diagnosis,

These three questions correspond to deciSions about,placement.,

and attainment (Glaser and Nitko, 1971). (See Figures 1 and

A placement decision answeys the questiOn; "Where in the instructior
. :

al Aequqnce should the learner start in order to avoid repeating' tin-,
,. - % ..

necessarily what is already known and in order to encounter readily ,.
i

. -
, .

attainable new goals?" The tests that give the information needed:to
:1

1
..,1Presented at the Sixty-first Annual Educat?on Conference, "Evaluation

In_theSchools", Iowa City, Iowa, December 7-8, 1976.
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make this decision must be ,derived from au analysis of the psychological

structure of the specific course. Disdb:rering the psychological struc-

ture of the course means to 'find the processes of transfer and general-

ization thrat make it possible to order behaviors in a svuence'of pre

requiSite tasks so,tha, competence in an earlier task in the sequence

facilitates the learning of later tasks in the sequence (Glaser and

.Nitko, 1971, p. 636). Tasks can be operationally defined as d;mdins

of test items.

Placing a student in a curriculum does not necessarily specify

-the methods of instruction that should be uted with a p ticular student

Tests that give informatioi about the nature of the instruction to be

used might be called d( agnostic tests. DiagObstic deciasiOns answer

the question, "What learning activities will best adapt to this student,Is

individual requirements and thus maximize his attainment of the Chosen

gbal?" This distinction between placement testing and diagnostic

testing is not conventional. Customary diagnostic tests involve both

placement and diagnosis.

The art of distinct diagnostic testing is not yet well developed.

Two directions have been attempted. One direction is closely related

'to aptitude - treatment- interaction research (see, e.g., Crdnbach and Snow,

1969; Glaser, 1972;Glaser and Nitko, 1971). 'This line of research

seeks to discover Pupil Characteristics that interact with methods of

instruction, in such 'a way that it would be possible to optiMally assign

.different pupils to different methods of instruction to. learn the same

thing. No tests now eR4t' /hat accomplish this purpose of differntiai
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. assignment to learning school subjects in a way that is psychometrically
. / .

'i/ ,
'sac c e p t a b 1 e to aptitude-treatment-interaction researchers.

. .

A second direction for diagnostic testing involves fine-grain 1.

analysis o, .an individual,pupil's performance domain. What micFoscopic
.

prerequisite skint are strong or Weak? Whlt misinformation or in3ppro-
t. ,

'priate associations, may interfert with certain actiArities? Tests can .

.
be designed to ans r 'situgs.ti.Ons such as these.

.

When instruction has been.completed, interest centers around whether
. 1 ,
3\' the student has iearned the terminal objectives. Verbal statements -

I of terminal objectives usually imply that an individual out to be ..
I

. .i' .

able to perform quite a large number 'of tasks. This is particularly

true when generalization and transfer of .learning are of primary impor-

tance. becisions that center, around whether, term . al objectives have

teen .learned°can be called attainment decisions.

1An Example of-Testing and Decision-Making... .

Having sketched out some of the'basit ,decisions to be made in in-
.

struction, let us7 consider an illu:stration of How testing and decision-
4111:"P".

making have been integrated. The example conies from the Individually.

.Prescribed Instruction (IPI) Project's elementary mathenkatics curriculum

(Lindvall and Bolvin, 1§67).

4.

i Figure 3 schematically represents .the TPI mathematics curriculum.,
. ,
' The ;content of this curricult& area has leti-broken down into 10 topics,. .

i.
which are roughly in a prerequisite. order (from top to bottom in the

. - i
figure). 'Further, each topic can be)learned at different levels of

complexity. These -are also in .a Trotkgh prerequisite order (from Level A

.



1

, .

: . . s

VI

4

,

through Level G in the figure) .each cell in the grid represents

several instructional objectives and is c alled a unit.of instruction.'

The.inset`shows,(hypotheticaliy) how a short sequence of objectives

might be be Ordered in a learning hierarchy for one unit. Each box in

the hierarchy represents one objective. USually, the hierarchy leads

to a few terminal objectives (boxes "I" and "J"\in the inset). Each

.

usually draws on pierequisites from earliertopict and lower levels.

(These arc shown below the dotted line in ,the inset.)
....

, 1
. ,,

Table 1' gives examples of ()ELI e kinds of,piacement, diag-,

nostic, and attainment information

instructional decisions in -the IPI'

that would be useful for making
. ,

u

curriculum.

.

Figure 4 shows a flow chart pf how testing andoinstruction

blend together to guide the flow and content of instruction for each

individual student. This system is not as elaborate as the system of

placement, diagnosis, and. attainment testing pieviously described,

.however. , /'

Placement Testing

Let us 'consider the problem of how,tolOace pupils in a curriculUm

sequence like that shown earlier in Figure3. To answer the.question,

"Where in the instructional sequence should this pupil begin ?'" thui

,decision-maker would need-information about -how well the student had

- . .

mastered each .topic and where within a unit the student should begin f

. learning.'

This is accomplished In the IPI procedure by two-stage testing

(Cox and Bostoh, 1967). The first stage test is Iroad-ranged over the
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entire chrriculuml These test results are, used to place a student at
o

- ----a.,:zunit,iteach topic or.?cOntent area. This first-state would provide
1,

a profile for the student like the one shown in Figure 5'. This'pro-

file Ihowi, for example, that the student could begin studying in the

unit at the D.:Level of division.

The second-stage test is narrow- ranged and tests only the domain

of behaviors i lied by a single unit. In this example; the second-

stage test would test the content of D-Level division. The results

of such 'a second-stage test4rould be used-to place a student at a

particular Objective within a unit. The first-stage test would need,

-be administered onlyonce, at thp beginning of the course of study.

ter completing instruction on the first unit of study, here it is D-

division, the student-would be given the second -stage test for the next

sequ'ential, unit of study (D-Fractions). In this way, the.ktudent would
,1

be paced at' eachuecessive unit in the curriculum. Figure-6

'shows_ what a completed second stage placement profile might look like.
. - .

- The second -stage test is called a pretest in the IPI testing scHeme.

This pretest requires a student to be tested on all' of tile objectives

in a .unit in orders to make aatemeipt decisiOn. Since a single item

provides an unreliable,basis on which to take a' placement deci n with

respect to an objectiver the pretest contains several subtests. Each subtest

cvers one objective withiapproximately 8 to 10 test items. If a unit,

of instruction had 15 objectives; for example,.a student'would have'to

take 15 subtests (or approximately 15 x = 120 items) before aplice-
-

ment decision could be made. Sugi a testing scheme isnon- adaptive

8
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and time-consuming. (It should benoted, however, that the size of a

uni,..t of instruction is 'arbitrary and based on cons iderations, such as

student motivation and pracfioal matters, such as the amount of.availahle'

instructional time.)

In an effort to'better,adapt plecemenNtesting to the individual

learner; Ferguson (1970) and others, (Ferguson and Hsu, 1971; 14u and Q

v( Carlson, 1972) have explOred 'the use of the computer as a test admini-

. 4
strator and, decision- maker. Each student would take second-stage place-

ment tests sitting atAtkomputerterminal. The trick, here is to make

a decision about every objective in the hierarchy of the' unit iAnd obtain,

a profile like the one-shown in Figure 6", but to obtain this profile

without actually testing every objective. Their procedure also allows

the completer to decide how many test items to administer. to each child .

for any particular objective. to be tested. For exaMple, some children'

may need to take only four items before a reliable detision could be

made, while other children may need to be 'administered as many as 20

items. before the same type of decision c'ould be made.

When placement testing in this way, a set of decision rules is

,

-devised` that combines the capabilities of the computer with both
f

.
statistical logic ,and subject-matter logic., This allows a dynamic

;
.

process to occur to decide what is to be tested and how extensively
,

it is to be tested. 'Thif procedure breaks away from the traditional

"test now, decide later" schemes that have received recent criticism

(e.g.,3reen, 1969).

til

a

9
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P°
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NAs an illustration consider the hierarchy sketched 7.
If the objectives Can be organi.zed,.into a hierarchy, the psythological.

. - .
Structure can be employed as part Ok the decision-making procedure.

. This consideration results 'in what can be called a branching rule--that

is, a rule programmed into the computer for_deterjaining the next objec-
._ ,... , .

:ik-'five to be tested. Choice of the next objective on which a student...-, , 1

is to tested depends on whether the student was declared a master

or a ncrmaster onthe last objective and on the' student's response

pattern that 'led to. the decision.

For ex le, consider Figure 8. The testing began on an ob-

jectiv in the (Middle of the hierarchy. If a stuAent is declared a

master on this objective, the student is assumed,to have also mastered

all of the objectives below this place in the hierarchy. Which of the

objectives above this point the student has mastered would need to. be

determined., If this student had a real high score on this test, he

could-b-e- called a i'high master" and branched all the way to the top of
.

Nwthe hierarchy for testing next. On the other hand; a student having

a lower passing score might be called a .alow master" and branched for

testing next some where half way between the middle and the. top, of the

hierarchy. Similar branching patterns coutd be applied -to "low" aiid
.. . .

."high" non-masters. A few applications of theftbranching rules would

locate students quickly and efficiently, in the hierarchy and would not

require *them to be tested on everything whither they needed it or not

before a placement decision could be made.
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.It shOuld be noted that in Oder to' use the computer to perform'

large-scale testing for an entire curriculum, it ,is necessary to have

the computer actually generate the test items. Large - seiner praciidal,

programs of thiS kind have not yet been developed and evidence concerning

the appropriateness of the procedure needs to be provided before it

can be strongly, recommended. For example, if a unit of instruction

has only asifew objectives then a computer-testing scheme is more

\

elab1 rate than needed: Also, if a unit cannot be organized -into

1

- a neat Gagnd-type of hierarchy such as that which has been described

here, then branching rules cannot be applied.

DiapOstic Testing

a

In diagnostic testing we seek to determine the kind or nature.of

lithe instruction that we ought tcogive to the learner in order to facil-
.

itate learning.. Of the two m ethods of testing described earlier--apti-

tude-treitment-interaction and analysis of an individual's pOtOrmance

domain--only the latter will be discussed here.

The practical problem is this: Sometimes the pre-arranged instruc-
.0

-N.
1

tional materials cin an instructional program, for'Whi0 a system of

tlacementf.and attainpent tests has "en designed already, do not
.1

effectiyely teach an-individual student. This student needs a special

,

prescripiian based on available aIternative.materials. One basic piece
. 1

.

,

i
b r

ojf information that is easily overlooked in classroom situations is a
d.. P

formal cataloguing of available alternatilie materials for instruction. It
.

is of no use to attempt to evelop a prescription for learning.a.gart-
,.

,

iculararithmeticeoncept,forexample,byusingmanipulative.exercises
`"

,'.
if,,such exercises could not be made available.

S J
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An example of a very specific procedure for provj.dihg information

concerning what types of learning materials are available for 'teaching
44.

each instructional objective in a unif of study in a mathematics pro-

, gram is shown in Table 2. This form links test information with

instructional resources and can be used as a,*preScription foim. It

can be seen(that space is provided for the pretest or placement test

'score on each of five objectives ( A, B, C, D, ands E) in this unit.

This is followed by a lising of lesson materials available for use
1

in'studAng each objective.f For exavle, there are three sets of mani-

pulative lessons (manip.), one game, and one workbook available for

Objective.,A. Also, the form provides Space 'for indicating which mater-
,.

ials a pupil is to use, when each lesson is completed, and a space

r-

\
fax recording attainment-test results fop each objective. This form,

k Of course, would not hav lications to programs that are not struc-

tUred or for which the- aterisals -listed are not available in the class-

room.

It should be, noted also that with such a form:, a er or a

school system could build-up. a ilarge data-base concerning which types

L

of instructional materials worked -best with specific kinds of students.
. -, -

.Such information mitht.thenbe recorded in a teacher's "clinical hand-

) book" that could be generally available for reference.
'"".t.t.,;z4.,,-.

14;*One type of diagnostic testing en used in a computer - assisted

testing project at the Learning Research at a elopment Center in the, -,

area: of elementary school arithmetic (Hsu And Carts.. 1972) . In %this«, Lt-s'--
.

project eac single instructional objecitive was broken down into finer-

A

,s&
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. d.

krofte4 causters of tasks (items). Each cluster of items consisted
40 4

of very highly similar types of,items so that each item within a

cluster Ofiteals'telded to )licit a particular type- of error if not ':

answered correctly. For exyple, lean objeCtiVe was "Multiply a
. .

two-digit number by another two-digit number using a multiplication

;

algorithm"-, then this would imply 8,100 problems. Aspects of these

:problems such is'carryingtarr nonarrying,!how large the carry, the

place.from whiCh the carry occurred, or the appearance df zero in

,

the factors, all,coul4 serve to define specific clusters of items.,

Within specifi c clUsters , common types of errors might appear. Three '

of the many types 'of clusttrs that couldbe formed for this example

eiptShown in'Table S.
. e

3

intoThis type og diagnostic testing has been integrated, to a
. I

,,..Jcomputer-assittedplaceient testing scheme like the one mentioned j't

11

earlier (ksu,and'earlson, 1972). When this is done, 4 if an

objective is not mastered', the computer can print out a description

.of the _clusters Of items with which the student had difficplty Is

well.as theestudenAIS score on thepobjective. Wing procedures

whereby each'teacher could have access to a handbook that listed

iatructional materials andhir procedurds that have been. found help-

ful to teach pupils to overcome these errors, the teacher would

be' in a position to tailor instruction to the individual learner.

In a, IC computer-assisted testing program,...the teachers1

handbook could also be stored in the computer's memory and.after the

pupil is 110P6d,'the 'computer could alsp print out the instructional ,

4

13
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; ; .
options available to the tea er and learner. An example of,what.sich

:
.:-

a print out might lOok *like is shOwn in Figure 9. . .'

But one does not-heed to have a-co*uter' administer and score a

.tett in Cider to obr'aiii this type of informa tibn. In Florida'sagndiagno'sti'c.

/ .

gide County Public School System, multiple chclice tests'were developed
. , , . ,

(Nesbit, 1966)4*Each foil of the multiple-ehoice items were based'on -:

-.9, 'common-errors students have made in the. past. Each of 'these error-,
\ ' ,

't
types were' identified for the teacher in a ype of diagnostic error

,

catalogue and remedial activities that other teachers had found helpful
k ir i

,

were also listed. Figure 10 illustrates this-procedure. Cataloguing
, , . . . ,

types of errors :and the learning, activities that have been effective

to remediate these errors is one way that all teachers might have

access to the successful clinical prescitptions of the master teacher.'
-,

. .., .

;Further refinements of this type of fifidk%gra.i.ned analysis of a

pupil's behavior can be made either with the computer (BinstoCk, Pingel, ' -

and Hsu; 1975) or 1y the teicher. line of these refinements is to exam-

ine the process'by which students who are having difficulty resp941 to

tasks. Each step of the solution to an arithmetic prob

examined and the student can be asked what the response at that step

can be

should be. If a human is/Present, the student can be asked why he or

she made the response: OftentiMes, these interviews with students re-

veal mistaken conc)ptions held by the student, that would haire not other-

wise have been identified.

t 14
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Necessary and Sufficient*

I At tlks point we might ask, "Is all ot this placement and diag-
.

nostictesting necessary? And, is it suffiqtent? That is, do we need

other testing?"

First of .all, whether one needs thQ,type of placement testingpre-
.

viously described depends on the instructional program available and of

the consequences of testing of not testing. If the instructional sequence

is not ordered in at least a roligh prerequiSite order and if the instruc-

tional sequence cannot accomodate a pupil who, say, has learned half of
. \

!

the course content but not all of it, then placement testing cannot be

'very useful. Even if had placement information we could not use it if

the instructional syitem does not accommodate individual differences in

competence. Further, even in circumstances where individual differencei

can be ac =iodated, the pretest appiciadh'ff IPI Mathematics might'be

wasteful of pupil time. Let's briefly examine this.

Recall that in IPI Mathematics the -pupil rat given a pretest on
/j

each instruction 1 unit of the curriculum (see Figure 4; Every time a

'pupil took apre=test, the pupil was tested on every objective in'tihe unit.

Perhaps there were from 60 to 100 items on this pre-test. We have to ask,

whether. this much testing is really (
eally (lecesSary and Useful. For example,

it may be that a Ch4d takes two or ree class periods to complete such

a pre-test and after.completing the test the child would need three or fovr

more class periods of instruction. Total pre-testing time plus instrticti*

time may be five to seven class periods.. It might be entirely more effi-

4

'*Grateful acknowledgement iws made to Dr. Isabel Beck of the Learning
Research' and Development Center, University of Pittsburgh, for roviding
infarmition to me on the New Primaty Grades Reading §Ystem andlPor

lating manrof'.the ideas presented in this section.'

1.5
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cient to have all children take instruction for each unit of the curricu-

lum instead of checking to See if somi few children could test out, of

instruction. Eliminating Ynnecessar); pre-testing?ould reduce the
.

.

/
.

...\
.

.

amount of time a 'Child would have to spend in a unit from say five to'
i

, ,
!

.
,

seven.periods to three or four: periods.
d ,

But atlt.a.hout the first-stage -0.acement test, -the one in IPI
q - , .

Mathematics that located_ the level of the pupil 'in the curriculum. We

.

, f
. .

have already statedithat once a pupil is in the curriculum sequence,.

fulther testing with this first-stage test would be unnecessary ;because

we already have the instruction41 4story of the Studdnt at our dispos 1.
r

y
\

So, the first-stage placement test is useful only for thosp pupils for

)

hom we havf little or no information about curricular history. .

'

.,. ,

, .

There' are other considerations here, however; beside just location in
e . , c

a .speci fiq

,

.curriculum. This is especially true, in subject areas outside
t

ti

)
of arithmt \c. In reading for example, pupils transferring into a

J oP

school sy tem from another system often have been instructed lag a dif-

ferent reading series. In this instance we need to knOw the answer to

two qUe*tions before we can place and instruct the child. We need .to

know the general reading level. (For example, we would like tp know

whether the Child can be put into the middle group of\the second ,

grade.)

connecti

are, us in

/,the pup

learning

4

But also, ''we need to know whether, the barticular idiosyncratiz

,

content sequence, and.so on of the reading series we

have been learned by the pupil. jf not, then even if we pla e

at the proper reading level, -the pupil will have diffissulty

from the type of instruction that we have to ofik. The IPI

st,

Ise

A

1-
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1.

Mathem .type of placement .testing procedure does- not test for

,

this acq sition of thb pliesy4cracies of a,particurar curriculum. An

Analo j might 114, to clarify the tIlalt.s' We hire someone to perform

a j b son the basis of information about the person's' general level of

sk.11 and knowledge. After. We,hire the" person, we give on-the-job-
.

:.

ning to acquaint the person with the idiosyncracies of the

job that Were not acquired beibre:being red. .

if we know a pupil's general reading lev 1-w can place the pupil' in
)

the reading, program, but what we often ack-is inforthation about the
J.

kind of on:Ithe-job-training the pupil, nLeds to quickly acquire more

advanced learning.

.

And what about these diagnostieltesting procedures? Are they

necessary and sufficient? In a truly adaptive and personalized instruc-
. . .

tional systeal, diagnosis for student 'learning difficulties will' be a

"continuous, on-going process. The super teacher will Obtain this

in formiti on f/l'om interacting with the child around,. the daily instruc-
t

tional materials. But not all. tealitters are able to do this ih an
0

exceptional way:

The-.449ostic tests Cie hah disctissed today do little to look

at process. That is, how the ldarner PerfOrus the skill. Further,

they do not assi.gn differential importance to the categories of errors

detected. They simply identify errors.
"IP

Errors in learning are often in need/ of interpretation in light
\(

of the particular instructional' program in which they ()boor. In some

17.
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instructional\sequences, for example, a highly proficient level of , .

I

performance is required in order to continue. In other, program.4,

however; instruction is so designed that it is spiral in nature. °.

When this occurs, it is often necessary only to have a very minimal

ietrel of proficiency in order to proceed _to new' instruction because
.

the concept-or skill to be- learned will' be taught again and integrated
_1 . I

into -more' advanced learnihgs. For example, those who have studied

statistical methods may recall the standard deviation. The meaning

and valtie of the standard deviation as a statistical index and concept,

is one of the most' difficult to understand for
. ,

It'' %only after advanced's tatisti cal topics are
.

use* the standard deviation in practic"al problems

come to "see -what it means". Had the instructor insisted on complete
g * ,

. 1 ,

mastery Of'this concept before proceeding to new material, then students

would have been in grea,t difficulty Aind perhaps would not have learned
. ,

0

e beginning student.

studied and after one

, that one is able to

the concept at' all. '
Similar instances- occur in other subject's. In reading, for example,

one program that illust-tates this point is called the New Primary-

Grades Reading 'System, (Beck- and Mitroff, 1972) and is being developed

currently at the Learning Research and Development Center. -The

spiraling nature of the curriculum can-be described in this way (Becl,

1975)': '
In_ a spiraling structure,, the child initially
learns to decode cm, a limited number 'of
important [letter/sound] pozrespondence

.18
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then many /sentences and "story paragraphs" '
i containing words with those decodablecelements

are made7available to [the child] in connected
text. As the child'redds with }meaning through

,
the known elements, the next loop ip the spiral

., enlarges [and the child] is introdUced to new
k_.,

_.....--
1 elements. 1ie child continties to read extended

meaningful texts that incorporate the new ,,,,t.

elements with previouslY taught content. (pp. 21=22)
at

7,

16

This curriculum .is unlike the strict hierarchial,strutture-implied

.
.

by IPI Mathematics, where in each prerequisite would need to be learned

at a relatively high level\of proficiency before moving to more advanced
.,

.
11

learning. A a consequenee
I

of the spiral nature, it is possible to
'

\,

'identify which
4

)
specific learnings are important to acquire at a high

.

degree of initial proficiency' and which learnings need only a minimum

initial level of proficiency because the Child will encounter and ..
. .

practice these learnings later in the curriculum. Also, by elcamping
,......;,:. ,Itu

the relationship between the learning materialsy the currcularsequence
.

.

.

and the types of errors, it is possible to determine which-pupil per-
,

fortahce errors .are serious and which are not serious. Errors that are

not serious could eithfr be remedied by a few instructional comments

by li teacher or ignored entirely. ,Thus, no formal remedial pre-

scription need

-

be written' and valuable instructional time 'on new content
%

1

need not be lost.
r '

A little bit.of insight into this type
.

ok carefully dilsig ned prod'

`....

gram can be obtained from Figure 11. Instructional materials

and\resources are carefully correlated to.th child's workbook. This

is important in this systeribecause each chi ldI will be reading at a

different level and'the.teachevvill need to ave readily available

r. .

information about each lesson is the teacher "travels" or moves from

..-
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./

child to child for tutoring. Here, we will focus on the prescription

and the 'diagnosis aspects.

-Within the 'child's workbook is a prescription form that lists' the

'available instructional materials for the specific less'on at_hand.

This alfows' the teacher the opportunity to tailor the "assignments to the

A

pupils. In ,addition; ?the prescription' form shows the 'child what arm'

- some of'the other options available. These 'include games and.read-
.

along,books. prescriptfon form "advertises" these options to

,
the child. Prescription then includes not only what the teacher assigns

but also what the child would like to,do. An example of.a prescription

form'is shOwn).inFigure 12.

.
Diagnosis occurs at two levels-7during: the lesson and ,at the

-,

b ) .

completion of the lesson. At the bottom of some of the workbook pages:,

I . \
are rrotes to the teacher thZt suggest specific kinds (I'f interaction

Air etween tgather and pupil with the instructional materials (see Figure 11).

( .

, . l

These interactcons provide opportunities l'i?r detection- and immediate
'...z).

correcti%,on of learning difficulties.- .

At certain 'points in the workbook short tests calledaprogress

checks test formal mastery of key elements of content. The childl,s

responses' to the\tasks on these short tests are analyzed for possible

errors. Errors ,are not only classified as to type, but the teacher's

guide indicates whether the error is serious enough to delay advanced

instruction. Some errors are serious and the teacher has available a

book of alternative ways to teach the content since the 'mainstream

20-
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y.

. ,

instructional- materials/Weren't effective. Other errors:arc.. less

serious and minor attention may be needed. These types of errors'ar
,

- . !

often self-borrecting on the part of the learner because of .the .spiral- .

A'

ing nature of the curriCulum. An-illustration of'this type of diaO .

.
,.-. , : .

110

nostic procedure is 'shown in Figure ,13. 4
J

0 '1
This exam is from an early level of the reddinCsystem and, shows .,)

attention, to the 'processes the d0.1d uses in 'decoding the,printedkwords:
4

Summary;

Iii summary then, tisting,palys a role in systems of instruction

i
'

.

:

that are designed to adapt to,the characteristics of learne One

%characteristic is the learner's past level of general kpowledge of.

the subject or "skips we would like to teach. Tests which provide

information that allow the decision to be made about where in the

«.4
-

instructional sequence the learner is to begin in order to avoid

repeatingfunnecessarily what is already learned and in order to en-

counter readily attainable.new,goals, can be called placement tests.

;

We have examined the IPI Mathematics two-stage placement procedure as

/ an example of a placement test in an adaptive systeldi. Further, we

argued that such placement tests as these may at A entirely necessary

sand that they may not be sufficient. To be necessary, we have tar answer

another queStion, namely, "What consequences would result if we used
It

/ ,

the plakement test or if we didn't use the placement test?".- Sometimes

instruction vlueitesting takes longer than instruction alone kid thus.

testing might be considered unnecessary. Oiher criteria might be con-
,

sidered also before a judgment about necessity, would be made. To be

3

21
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-4

r

A

4. . 1

stifficieht one would hive "4o answer the lqueition, "What other lands
,,,;.

, ....
....of information would be, needed before a placement decision can be' *-0

'' ,: _.

made ?" Hereiwe.argued that it is
'"

.often useThl to know which of the
,

.- ,.. ..,

program specific' or program ,idi osyncratiC 'conventions and learning
. - \

methods does: the student know before we could place the pupil. Some

0

.
pupils may, for example, read at the proper grade leveil,jbut they-

1

might need some on- the -job- training to learn hdw,tOflearn from the
. .

instructional system they will iiSe' in their new school.

A second characteristic to be examined is, the nature of-the
,4t

learn-
.. . -

ing activities\that best fit an individual's requirements and thus ma5c-
,

imize the individualts chance of attaining the chosen goal.. Tests giying

some of this kind of inf ormation can be called diagnOstic.''Colhputer-i
assisted testing and the Dade County arithmetic tests'were used as

examples. The key to both' of these tests was their ability to 'identify
?

pupil er ors and match these errors with specific fremedial,iistructional

activities. However, both of these tended to gip little aiention to

the proc ses by Which the pupil responded leatiaingmaterial
r-

and tende'd to-weigh all errors with equal seriOnsn'ess. Mother example -

-

.4,1617;x of

was corsiderqd, one from the. New Prinry drades Reliding Srstem. alb

sy,ste not tonlY are errors classified, and finked )t/o instructional
. _

ictivities, but they are viewed in,the context of the pirticular type
-

of instructional systemin which'4 'child is learning. That is, the

spiral .nature of the learning seq aken into account so that,

not all errors are viewed as, being of equal seriousness nor db they all

2
4

V

'

4

,
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,require elaborate remedial teaching. Some errors can be ignored since

'they would be e cted to be overcome as the child progresses to new,

learning experiences.

In all. of this, then, the contextOof the instructioal program

shapes the kinds' of placement'and diagnostic information that is

required and,/thorefore, the types oft is that would be useful.,

Without an analysis c4 the kinds of instructional decisions to be made

in a given situation, discussions about tests and testing procedures
_.

tend to be ftuitless.

opt

Not only does the test in forma tion need to pe useful, but, the

information should be useable as well. That is, testing should be
tl

designed into the instruction proas so that the information that is

required -can be obtained easily and is available in a, form that is

useable when a decision needs to be made.

When viewed in this way; the distinction between testing and

instruction becomes less distinct. The learner' can look toward testing

as feedback about accomplishments and for. guidance toward choien goals.

)

q

4
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..

.

Content
(TopiO)

. ,

.

.1,eyel of Complexity
.

!

A : B
<.....

C
c

D
/

E F G

Numeration /Place Value . , 'lc. * * - * IF
* *

C

,Addition /Subtraction * *

.

*

.

.

* *, *

\

- *
.

Multiplication

.

* *

.

.
f* . * * *

,_,

Division

...

.* * * , -*
.

* *

Fractions .

1 * * * 1 * * *

Money *
.. . * 0

. ,
Time 'oi

.

* * .* - .

,..e..

.

Systems of Measurement *

.

s*
.,

*

.

*t *

Geometry . *
:

* * * *

Applications *

.

. .* * * i
,

fl
*
Indicates a unit of instruction consisting of one or more instructional

objectives.

Example of curriculum

Figure 3''

layout for Individually Prescribed Instruction
elementary mathematics

29
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4 0
Pqpil Information.Requirements

instruction
,in Adaptive Individualized

ti

T. Placement, Information

--"Where should this pupil be located in the curricular sequence

to begin his instruction?"

-txample:.'Johnny should begin his studies at C-Level Addition,,

Skill 4.

-' II- Diagnostic Information ii-

,

v ,

,

--"What are the characteristics of the instruction that should

.

)

be given this.student so that he will be able to master the

skill at which heas placed?"

Examples: Sue should review those C-Level sWlli rel d to

''L,-
regrouping before studying D-Level Subtraction',

t

,

'Skill 4.

3

e,

Johnny regroups from hundreds to.tens-but does not

change the hundreds. digit accordingly. Review

regrouping s lls.

III. Evaluative Information

war

- -"Has the student acquired the skill(s) on which he has be n

instructed?"

. Examples: JiMahas demonstrated mastery of. D-Level Addition,

Skill 5 by getting > 85 per cent of the items on the

CET correct.

N..

Johnny has scored at or beyond the criterion level

: for all skills in the C Subtriction unit, except for

Ski11'3,
30Table
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4s

( -Placement
test taken

Gross area of curriculum
placement determine (unit)

Revise plaxrnent
information and
select nor area

yet

Unit placement
test taken

Are all skins in
unit mastered?

Pupa evaluated
for *Oval's he
aucfred

Develop_tailored
. instruct:alai

activities for one
objective

Has the ob.;e:Ctive
been mastered?

;V"

( )7
Are then more objectives

"in this unit that he needs
to masted "

Student woks on
jnartrctional
activities ferr
one objective

Update pupil history
and e
peon

yes

r' 4

Flo. II Instructional roceg flowchart for the IPI procedge. (Adapted from Lindvall; Cox,

& Bohin, 1970)

Unit Post.
4 sea takers

Art all skint
new matured?

a

31

7-

4



.54

fD

Ro

op

0

(pass)

'Placement Test
Takeri-

Select 1 Unit'
for. Study ,

Pretest all Skills
in Unit

1

(fail)

v .1 I
(: Prescription developed'\4-

.
'for 1 Skill ,

/4 ...--

1

.Pupil works ono.(
1 Skill

CET takn I
for

I Skill

(fail)

Q

Co

4

(pass)

Figure 4.

Clirrent'IPIqesing and InstructidWal Procedure
(Modified from Lindvall andCox, 1969.)'
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A.

V

MATHEMATICS PLACEMENT PROFILE

.s

Date :5770 Grade

Teacher ,,..0/ Room IL

Mathematici
Area

.

4

Placement Level A-G
Placed

B C D E G

at

Level
.

Numeration/Place Value
7 V

Addition/Subtraction
4/1

"°/°e°0
Multiplicatidn

Or

AO#

.

Division

.

01/#

Fractions

.

Money :

Time 01/1111 $ __ ....

Systems of Measurement
t

.

Geometry/
. t ''

ONO
,

6
Applications / .0#

Figure 5 )

Example of Placement Profile for a hypothetical student
with respect to the mathematits curriculum of

Individually Prescribed Instruction
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a

I J

figure 6

1

1.

a

A

ft,

Plac'ement profile for a.hypothetical student. (Shaded boxes

mean that the student bas sufficient mastery of these
instructional goals to proceed with a new

instructional goal')

D

1
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Figure 7

Aljxample of a Hierarchy of Skills
in an IPI Mathematics ,Unit



,R

Nt

ADDITION HIERARCHY

i

A

13

12

1

10

r. i1

V

SUBTRACTION HIERARCHY

r..

I.

32

\ 1

s

. 4..

Flo. 8 Hierarchies of objectives for an arithmetic unit in addition and subtraction. (Adapted

from Ferguson, 1969.)
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*Table 2

,./

liv01,011P

PRESCRIPTION FORM FOR ASSIGNING SPECIFIC LESSON
MATERIALS IN A UNIT IN INDIVIDUALIZED MATHEMATICS*

14%

es,

*Table 2has been removed because the publisher did not.grant ERIC reproduction
permission. See MEASURING PUPIL ACHIEVEMENT AND APTITUDE, Second Edition, by

\!,

C.'Mauritz Lindvall and A 0)thony J. Nitko 1975 by Harcourt Brace ovanovich,
.Inc.. (p. 216).
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t kis mo.riy flusters of dams
that could b co- ima -for an.
¢1 a.ma.nfair y. school aset-Ihrn4tc.,

a-ctiva..*6

01-.)' active ; Multipdy a two-dicvt y\umba-- by

orlyc) har two- chgit humbae using -t.ha.

rAulttpliciatio,rt algorifhen.

Genctral Dasdr) pi ion
o It Clam ustar

Sampla }tams

NO CaYor IQ- S

S I tICIre, CevcrCI-S to

teni,s , x13 x x

a".

1/3 5/ 32

x xi/ )c.23

7 13 . /2

Smola carrtas to
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61 .56 22
xl? ,

Basal on Fa_ruson,R.1.. avccl Hsu,T.C.(1971);
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DIAGNOSTIC TEST ERROR CATEGORY SUMMARY

NuMBCR O_F

ERRoik ERROR'S

CALErt.Q.S.r____ ON 'TEST

i..DIVISION FACT 2.

ERROR

INSTRUCTIONAL '\

Will-IONS

A. PRACTice WITH

;Ft. ASN CARDS.. j
B. US): !Pi LESSON

NUMBER /.28p,

3..SUBTRACTol i A.ComPuTER- AsS(ST-

ERROR `ED WM). 1.skiLLS

5. NO ZERO IN ,

ONE'S PLACE

(

Is,a)3
. B. PRACT ITN

FLJASIA CARDS.

A. IF.1 LESSON
NUMBER M(LioF,
PP. 1.45, co, 2/,

B. MODERN MAT,I1
SERIES) PP. 48-
79.

a.

gyre 1. 'Exiskrnpfe. of a compaleritassistad
dioaposttc error turniluxry -cob- elementary

s,c1Soof mati-Aamaktcs 'Cr-orn emsfockL.,
ckhd Hsu, T.
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1

3
C. 2,
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.1. Use vottkvAloeor 1; ht. to Le.o-eks. %-ty.cu,...Ivs ...%1

'ectuig at eAce..
e. i 2. .2
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1
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Used L bo_dt Co. Pudic. Do.sScI% Mi rt_
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41.

;.

GROU STORY REMINDER
Mins teacher that child has
prerequisiiesior :feat available
group story.

LESSON OVERVIEW
Presents content of lesson for-
teacher.

PRESCRIPTION
Management device that enables
teacher to make variable
assignments. ry

GAME ADVERTISEMENT.
Reminds child of available

CASSETTE RESPONSE PAGES
Trigger audio lesson which
presents' new content
responds on these pages whir
listening to cassette.

READALONE
ADVEnTISEMENT.
Rethinds child of available
storybooks.

. PROGRESS c.HECK ..
Individually administered assessment device

"which assists teacher in determining
whether student should more on to next
mat;rial.

4

P
. .

4'

INDEPENDENT SEATWORK
PAGES
Providechild with opportunity
to practice new content while

maintaining previously taught
content

. TEACHER TRAVELING NOTES
Suggest relevant teacher-student inter-
action to traveling teacher on some
of student's independent pages.

Figure 11 Instructional resources in Levels 3 through 14.
1341.e1C 1g 751
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8-6 Prescription
4r.

,

4 50,' 51, 52, 53 0 f Cassette18,-6-Ar

.

54, 55, 56, 57, 58, 59, 60, 61, 62 Workpages
,

63,, 64,, 65 ..

/\
1p 0 18-6:BI Cassette

,

-66, 67, 68, 69, 70, 71, 72; 73 Workpages

Ni... Progress
Check 8-6See your teacher!

Footbar

';?t*;

Vs time for the new

,dame. Footbaell 8.

0,,ot like

new book
.

What Car% a Five-Year-Oh:1(-

1)o in the SurnMer18

8-6 Prescription
42 continued on next page



Neve Ism Pckt a..-

.INDIVIDUAL RECORD SHEET
Error Err

Ico.rd

C -). /C /.

O. /0./

CO. ,--)/ca./

n *J./PA/

CCU% -k->/ecr..h/

R cads word

0

YES 110 Typo.

la

ib

2a

14

icent

a /ok /

h -->/h/

/a.n/

t */t/
3a ant /

a

STUDENT WORKBOO

tr

SVIORT TEST t N
PUPIL WORKBooK.

-% 43

3b Reads word

oosERvE
AND

RtcOittb
PUPIL'
RESPON

YES Typt.

30.

>

313

DIAGNOSIS "N ERRORS.

Type 1 Errors in Let t a.rL.Srund

Corral pohddnata,
C orNS or% o.h
0. comor,e,
tw.ca Lt
carts% skeco,
tvta.y,

If O. On; I nn se$

not Serioui.IE
,,entS5(1$ nd,

O not
C S00 po oteL J. wad 5 of 44 %e.
Altorri 4.

699 141.¢t . .1 .

ib. Vowel :As h th4.'
c,h itd raki,/kyr:es ic

rotsvcat .41-t"rAw1.1ctv"%a2rsiskoa IN" d

r'd tut I CS 42,rn"Sol.Z. ;1:42.60uc.:12.
lhot In Q.. CRAek vor S oust" S
lb% tScAcA.A.:1,1" M0.h4 c-NA14v2
Spa.cak.6.4alectS +W. 1SI;9itAy

MN,

I F TWERE ARE

ERRoRSI DIAGNoSE

THEM..
-->

L
Om"
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