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ABSTRACT
The objective of this study was to adaptAhe ideag-of

"strfmg'inference" inqlOveloping a design procedur which can'-be used
in the 'evaluation of an instructional system;in_such a way as to
identify and correct specific weaknesses within a system. This method
allows the evaluator to, consider many hypotheses as possible causes
of system malfunction and to identify which components need ,

modifications and how these modifications can b'e made to improve the
instructional system. The results of using an.adaptation dt strong
`inference demonstrated that designs based on strong inference were
effective in establishing causal relationships between variables:
(Author,
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The Method of "Strong Inference" in the `

Design of Evaluation Studies

Judy A, Light and Lindvall
University of Pittsburgh

The educational researcher working in natural settings (e, g, , in

on-going classroom situations) il. frequently involved in situations where

the type-of control,required in. tiue experimental designs cannot be exercised
or whert'the types of questions answered through the use of true experimental
designs are notAhe\important'questi`oThs, In" most true experithental.designs

.a key step in carrying out the stuclyis to ranciomlyassign pupils and teachers
(arid perhaps Acn scliools and communities) to experimental conditions. ,

A-s ointed out in explaining, such designs (Campbell & Stanley, 1963)

this randomization is employed tocontrof for Variables whose influence
cannot.be contr011eOn other ways and to eliminate' the possible influence

of.causal conditions of which one is unaware,

The-re obviously is a need to seek out and use 'designs other than

"true" experimental ones in certain situations where randomization is
neither nrakical nor useful, Campbell and Stanley (1963),r.etognized

this need for identifying "quasiZexperimental" designs which could be used
..,in these situations. 'Campbell (1963) feels that these quasi-experimental

designs' can,eSfablish tatisal, relationships under two -conditions: that
the interpretatio.rrs made. from.the collected data seem plausible, and that
.other.plausible rival hy-potheses can be eliminated.

Guidance as to one, possible procedure to be used in theS.e quasi-
%

experimental sitiiati8ns may be derived by noting tilat the situation of
eliminating rival hypotheses is 'similar to that described by T, C.
Chamberlin as involving multiple working hypoth(t.ses:



In developing the multiple hypotheses, the 'ef.fol-t
is to bring up into view 'every rational explanation of
the phenomenon in hand and to develop every tenable
hypothesis -relative to its nature, 'cause., or Origin,
and to give to all of these as impartially as Ole
a working form and a'due place in the invesi :n
(Chamberlin, 1944, p: 160).

Platt (1964), pointing; the thoughts 'of Chambe'rlin as providing

much of the basis for his thinking, has suggQsted a frameWork for

testing each of a number of possiblesthypoth:eses v,,fii.01 he has named

4'Strong Inference". Ne has made an impressive c-:,,se for the claim that
the use of research proceduresbased on this approach has been a. major
factor in spectacular advances in research within certain areas of biology.
Strong i:ference procedures require the expermeriter to consider all
possible explanations for a given outcome, to plan the most effective
sequence for studying such explanations, a.n.d. to then carry out systematic

investigations to eliminate as many of these as possible. -. Those which
cannot be rejected are accepteg as. establishing cause and effect relation-
ships until they c'an, if ever, be disproven. Platt'S opinibn is that'scientists'
should be designing experiments which systematically investigate such

crival hypotheses and that the results should be based on the elimination of
. .alternative explanations. 'This allows the scientist to explore the unknown

at the.fastest rate since there is a minimum sequenee of'steps to be followed.
and conclusionS are rc,.ached rapidly by eliminating all possibilities e:icept one.

It appears that re.serch,clesigns based e' strong inference can offer
much imip to the -educational researcher \Narking in the natural setting.

because he is better able to reject possible causes 'of-effects than.f.o

'directly establish specific cause' and effect relationships. For example,

during the formative evaluation of instructional materials', an evaluator can
locate and improve.in,adequate materials more readily than he can establish

'why certain materials are effective, The result would be the quick replace;

ment of poorer instructional materials with more adequate .materials.
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Designs based on 'strong inference seem to satisfy Campbell's two
requirements: int4erpretations made from the data would appear plausible

(e, g., the inadequate materials would be replaced by Materials shown
to be effective) and other rival hypotheses would be eliminated (e, g.,

0
systematic-investigations would be useii to eliminate as -many rival

hypotheses as possible'),
Objective

The objective of this study was to adapt Platt's suggestions for,
using strong inference and inference .trees tOtvelop a design procedure

.wFiich could he used in the evaluation of an inseructional system, The

use of inference trees seems pa.r larlyfa.daptablc to the kinds of;

formative evaluation activities required /during the develOpment and

tryout of -con-kple,: instructional systems. First the evaluator must con-
sider and test hypotheses concerning -the'effects of all components bf
the systernund'er development including tests, lesson materials, teacher
behavior,pupi:lbe"havior and classrobm management rather then select

only some of the variables which can effect any instructional system.-
Second, 'the procedures should be effective in that they can quickly

identify and cor'rect specific weaknesses withfn the systdm.,

Method

A rather typical problem faced by ttie person attempting,to carry-
out formative evaluation activities in conjunction with the development of

a new educational program is that of identifying ,.the specific. causes of

gien instances'of system failure, An e.xample of this type, of problem is the
situation. where there- is, rather consistent pupil failure on a test within
a new curriculum. Faced with this particular result, the formative
evaluator -must determine if the cause for this failure is inadequate lesson
materials, an invalid test, poor,classroom instruction, the improper _

placement of instruction vithin the overall curriculum sequence, or soma,
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other unknown cause This problemof identifying the cause of some
specific evidence of inadequacy in a-new instructional program can be con-
sidered as a problem of tnvestigating a number of hypothesCs? each identify-

.
ing a possible cause of this inadequacy. Such a situation would seem to
requil.e the use of some type of quaii-experimental procedurse in investiga-
tin each such plausible hyopthesis.

The proceduies developed in this study were aimed at attempting to
adapt Platt's method of strong inference and the use of iLference trees into
procedures for establishing cause and'effect relationships between one
dependent variable and the multiple possible causes for that dependent variable
in a complex instructional system the independent. Variables). For
example, one approach to the analysis of an instructional situation - is to
vices each possible cause failure as represesiting the independent variable
in a hypothesis. Each such hypothesis would express its presumed influence
on the dependent variable, e.g., test performance. While the approach . Y.

of viewing this problem as one of investigating specific hypotheses appears
lo be an obvious one, it leaves the evaluator with the related question of

.

how to design procedures for carrying out such investigations,'
Basically, the evaluator attempting to provide information for'the

tmprovemont of an educational program ands the researcher designing a

true experiment are faced with the same task. Both must design their
studies in.a way which will permit them to draw valid conclusions con-

cerning the effect of a given treatment, Te develop the needed design bdtli

must (11 specify the dependent vari'able, or exact effec', that is of
concern, (2) identify the treatment, or independent variable, being studied

and (3) trstablisil control conditions that permit conclusions to be drawn con-
cerning the effect of the variable being studied by eliminating the plausibility

of other possible causal explanations. To understand the design problems

of the evaluator it may be useful to examine the similariti;s between his
task and that of the experimenter.
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1 Specifying the dependent variable. In many research studies
the logical starting point for planning the investigation i,s the identification
of the variable that one wishes to affect, e. g. reading achievement, pupil
self-concept, teacher satista/ction, etc. The researcher must specify
this variable quite exactly, typically in terms of the instrument or procedure
that is to be used to measure or describe it. In a like manner, the for-

.

mative evaluator must identify the specific program outcome that is of
concern. For example, if pupils are failing certain tests, the first task
of the evaluator. is to specify what they are doing incorrectly.

2. Identifying the independent variable. The expe,rimenter wishes

to study the effects of a certain treatment, To do this he defines that
treatment or treatments with whict he will compare it (one of the latter
may be the "no treatment" condition). The evaluator's role is to identify
and find which probable cause helped produce a given effect.- That is the
evaluator must identify the specific program componentewhich can effect

the dependent variabies/under investigation." The evaluator wishes to be
able to say "This specific program component is the cause of the poor
performance of the system which we are investigating. ". To do this he
will have to identify a tuirt\ber of program components whose failure could

be plausible reasons for the poor performance.
3. Controlling exper_imental conditions. One aspect of experimental

design is to establish contrors'Reo that certain conditions are common to

both experimental and control groups. For example, in an experiment
comparing instructional rnethods, both experimental and control groups
may be taught by the same teacher in an effort to eliminate teacher effective-

ness as an alternative explanation of any differences in results. The
evaluator, too, must be cont-erned with control of certain coa-
ditions. However, evaluation does not typically involve the comparison of

two groups2(although in certain situations it. obviously could involve this).
Usually it involves gathering data as a program operates within some one

NMI



context However, his makes even more real the, possibility that "un-
controlled conditions" ara the actual causes of spoor program performance.
How, .then, are such conditions to be controlled^ In attempting to answer

.
this question it is important to take into account that while the formative
evaluator maybe examining one component of some type of "program" or
"system," such a program, is influenced by many other components and

p-rocedures. For e-dmplc, if the evaluator is assessing the effectiveness
of some type of lesson material, it is likely that' the total program specifies
certain procedures to be followed in using these. materialP. Such procedures

serve to specify some of the things that are ter be.controned. This means

that if the evaluator in studying the effectiveness of given lesson materials;
conditions must be controlled to the extent that teachers are tiling theJespons
by following the specified procedures. Without thistype of control:the evaluator
has no way of eliminating such things as "improper teacher procedure"
as being the cause of lack of a', hievement. The experimenter, concerned )
largely with isolating the effect of one independent variable, controls the
effect of certain other variables by equating the experimental and control
groups with respect to these variables. The formative evaluator, con-
cerned with investigating the effectiveness of some specific program coin-

""

ponent, controls th,e operating program so that other relevant components
41.!' inare functioning n the intended manner.

4. Controlling for individual subject variables. In a true experiment,
subjects are typically assigned to treatment and control groups through

14.

some type of ranciqm assignment. This procedure, together with the use of
tests of statistical significance, helps one to eliminate concern abodt a
variety of -factors associated with individual subject.differences a\the causes
of any effects produced. The evaluator, assessing the components of a
program operating within the context of an on-going school program,

typically cannot employ randomization; Despite. this, there must be
'tome control for this type of,individ&al difference factors. The evaluator
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attempts to partially negate the effects of sonee of them by basing the'
evaluation of the performance on as f-epresentive a sample as possib!e.
Other variables of this general type may be ones that-the inci-ructional
program is designed to control. For example, students differ in the
ca- with which they study and complete a lesson. This type of pupil
ca. lessness cannot be permitted to affect pupil performance or. lesson
materials and the result , then be interpretenv indicating some in-
adequacy in the materials. Pupil variables of this type must be identified
and their presence or absence noted ift the case of arty given 'pupil per-
formance. Control of the variable, in the above case, might be achieved
by requiring such pupils to re-study the lesson under proper conditions.

In the present study, the foregoing steps in design were delineated
Nin terms of their application to the formative evaluation of lesson
materials being given a try-out with the context of a program for in-
Aividualized instruction. In this specific application these steps can be
ciestribed as:

1. Defining. the der4dent variable, that is, selecting what
specific evidence will be used to identify a breakdown .

in the instructional system,
2. Alining the independent variables, that is, listing the multiple

plausible hypotheses that might account for the specific break-
down.

3. Defining and controlling" the "experimental conditions" by

specifying and then monitoring key aspects of t1-4. instructional

environment.

4. Defining and examining a number of student petformance variables
that have to be accounted for in attempting to clarify cause and
effect relationships between independent and dependent variables.

II
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Platt's -des, riptiori of the use of strong inference in establishing
cause and effect, relationships suggests the worthwhile use of this procedure
in developing ,and ( arrying out the foregoing, steps in evaluation. He

defines strong inference as:
applying the following steps to every problem

in science, formally and explicitly and regularly:
l) Devising alternative hypotheses; .

21 Devising a cjucial experiment several of them)
each of which will as nearly as possible,
exclude one or more of the hypothe'ses;

3) Carrying out the experiment so a:i to get
a'rlean result;

1') RecYclingathe procedure, making subhypotheses or
sequential hypotheses to refine the possi-
bilities that remain, and so on... (Platt, 1964, p. 347).

It seems that strong inference should provide the evaluator with
a formal structure fbr developing and carrying out these :,tees. Adapting
Platt's procedures to use in the formative evaluation of instructional
systems has as its goal the need to establish that a specific system mal-
function was a consequence of an identifiable inadquency within a system
component (Light k Reynolds, 1972). Thus the required procedure of
strong.-inference becomes one of formulating "multiple hypotheses" and
using inference trees as a basis for specifying and eliminating rival
hypotheses so 'as to identify the exact system component that must be chanftd.
One major reason for assuming the effectiveness of strong inference
in these types of studiesds that strong inference requires the e, aluator
to identify and test each cause of poor test performan._ wheth( r the .

4 ... 6

cause is an inadequacy within the lessons (theindepenci it variables) or
ail individual student' inadequacy that must he corrected:

Application of the Method

Data Source

This investigation was carried out within the ( ontext of an

tray schooldierving as the laboratory ftpr the de -elopment and tryout

element-
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of modifications in the Individually Prescribed Instruction program in mathe-
matics. Data concerning system malfuctions were obtained from an in-
tensive analysis of test results and student performance on lessons and by
observing classroom behavior during an entire school year.

t The instructional system under development was the 45 units.con7
sisting of 264 objectives normally used by the students in the fourth grade
during the course of the school year. The system, components being in-

.

vestigated as possible causes of system failure included the lessons the

tests, teacher behaviors, and pupil behaviors.

T e proLedures used in this study followed tt . four step outline
previously presented.

1. Specifying the . .ndent variable. In general, the evidence of
system failure used in this particular application of the procedure, was
pupil performance on a criterion test. However, to investigate the cause
of any such failure it was necessary to obtain a very specific descritition
of the exact nature of the failure. Thii was facilitited by.the use of a
for m of inference tree as shown in Figure I. This tree involves answering
questions by examining the student's respooses on thq test in order

\
to identify as specifically as possible the tyne of errbk the student reach!
tend which brancli of the tree would be the most logical to use to pin-point
the specific system failure. As can be seen this infeorzence tree was
designed to pin-point the type of error made on the test, After ana lyzing

Air

many tests, four major types of errors were found:

1. Process errors which were defined as errors resulting
from the student not carrying out the exact process
being tUisht.

42. Computational errors which were defined as errors .resulting
from the student writing alt incorrect sum, product,
quotient, or differcItice in a problem.

S.
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Figurc, I

Identifying Student T.st Errors%

10



Hypothesis to test:

If a student fails a test
because he does not know
his number facts, he will
fail any tel which uses them.

Test:

Assign, the student intensive
work in the prerequisite
computational skills and
then reassign the student
the same assignment.

Yes
Were tit* errors made on the
test computational ?

Yes
Were tha errors made on
the test systematic ?

Hypothesis to test.

If .1 student fails a test
because of systematic el -on,
the student is using an
incorrect rule.

test:

Use Figure II to identify
how the student learned and
practiced an incorrect rule.

H Yes the test unsystematic T
Wire .he errors made on

I
Hypothesis to test:

If a student fails a test
because of unsystematic
errors, the student is using
inadequate study skills.

Test:

Use Figure IV to identify
what study skills are
inadequate.



A student, after completing
the proper irssitoment, fads
the criterion test4

.

Yes
Did the student incorrectly
answer more than two
problems ?

a

_E

Were the errors made on
the test computational ?

Did the student incorrectly
answer one problem ?

N

The student should be given
mastery.

Hypothesis to test:

If a student fails one
problem on a test because
of a computational error,
he has demonstrated
sufficient knowledge of
the skill to receive mastery.

Hypothesis to test:

If a student misses two
problems on a test because
of computational work
the student needs to be
reinforced for accuracy.

Assign the student practice
in computational skills
and reinforce him for
accuracy.

-11

Were the errors made on the
test computational ?

Hypothesis to test:
if a student fails a test
because of process of error,
the student has not
a

rs
problems that

arreTA due.

Test:

Use Figure Ill to identify
why the student can not
answer unique problems
correctly.



S1.-steniatic errors which were defined as errors
resulting from the student ubing an identical but
incorrect rule to answer all items.

4 Non-systematic- errors which were defined as errors
resulting from the-student answering items incorrectly
but for different reasons.

It was also apparent that the number of items a student missed
offered helpful information in identifying the specific type of failure, If

a student failed one or'two items on a te"s"t, the-type of error. was usually
the result of a process error or a computational error. When a student
only missed one or two items because of a process .e.rror, it usually meant
that the items missed were unique In their content, For example, a stu-
dent only failed the items on a test in subtraction with borrc-.. ; when the

problem contained a zero in the tens place, but passed allsotder sub-
,

tractions items, Once the uniqueness 'has been identified,- the evaluator

can use the appropriate tree.to select a testable hypothesis.
Note that the hypotheses derived from this analysis are of two major

types, One type provides for improving the individual pupil's, command

of pre-requisite skills and then having him use the lesson again, Taking

such a step provides a form of control on individual pupil differences on
certain crucial variable's, If testing this type of hypothesis show's that
improving command of fire-requisites leads to the students passing the
test, this student's lesson perforMance will not be subjected to further
analysis. The second-type of hypothe..7s shown in Figure I involves those

that can only he examined through fu-'her analyses that can, in turn, be
facilitated by the development of additional inference trees. Such trees
serve to identify other types of variable's that must be controlled or tested
as possible causes.

The tree shown in Figure I contains several questions whOse negative
answer leads the evaluator to a question marica TTES'e questions marks

symb6lize situations which have not yet arisen, but arc included as a
reminder that all the infe.-ence trees are working mo !els which may
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need to be expanded as the trees are used in on-going situatiens. If..
a student fails a test for reasons other then those already explored
the evaluator. would build onto tree.

2. S Specifying the independent variables. Once t1 exact nature of
criterion test failure is identified becomes possible to generate hypotheses
that identify probable causes (the ndependent variables) of each failure.

At first these hypotheses were generated by analyzing.each pupil's materiali,
and answering these kinds of questions:

1, What was similar about the problems missed on a test?
2. How did the problems missed differ in form or content from

*hose items passed on a test?

3, Where in the instructional ma terials were these types of
problems presented?

4. What in the instructional material could have caused the
student to fail the test?

5. Did the student-ude the material in the designated manner?

6. How can the hypothesiled cause of failure be experimentally
investigated?

The result of this procedure was an e:.tensive list of possible causes of
test failures. Examples of 'thes causes are represented by the following
hypOtheses.

(
If a pupil fails a test, then:

a. the pages may riot teach and provide practice on the
tested content.

b. the pages may not teach and provide practice on
"unique" properties.

c'. the pages may not require adequate practice.'
d. the prescription may not contain paged which are equivhlent

in form and content to the test,
e. the pupil may not have learned from the teaching pages.
f, the pupil may have demonstrated poor work skills.
g. the pupil may have done the assignment incorrectly.
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h. the pupil may not have the appropriate prerequisite
behaviors for a,given lesson page.
the pupil may not be motivated to do acouratc work.

j, the pupil may not be "attending to task" while doing his
work. -

k. the pupil may not be checking his v.ork.
1, the pupil may not b..- able to -use self-evaluation skills to

decide if he had Learned the required skills.

(A demonstrations of how this was ,icarried out can be found in Light and
Reynolds, 1972),

Figure II provides an example of how such possible causes can be
structured into an inference tree thateplains some particular type of f
test failure Note that this involves an analysis of how the pupil performed
on certain major parts of the lesson materials. In this example such "party"
of the instructional booklets were practice pages, teaching pages, and summary
pages. Answers to questions concerning hov, the individual student did

, on these types of pages were used to identify which hypothekes should
be tested first. The order of these questions was determined by deciding

what types of information were needeato either eliminate or establish
certain conditions as the cause of failure. For example, if a student fails
a test be6ause he has missed "an unique item" this could be caused by
one/of several factors: the materials do not teach the student how to solve
the uniqueotype of items, the materials do.not provide any practice in
solving the unique items, or the student did not do the pages properly.
Questions concerned with identifying if the unique items were taught or
practiced should be answered before analyzing how the student did on
theie pages, since hypotheses based on the student's answer's to certain
problems presuppose that the problems were taught in the materials.

Again it can be seen that the hypotheses generated by this tree are
,of two general types. Onc\type is the same-as that.found in Figure I.
This type involves changing the student and represents a form of control of
individual student performanee, The second type f hypothesis deals with
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- . Figure II

7

Identification of how a student learned and practiced an incorrect role ..



Cook ; the student have used
the same incorrect rule
throughout the materials and
rotten the correct answer?

.110

es designed to ihealliSsit?
(.Were there 111

Yes
Did the stthfent answer
the problems correct*/

Hyptithesisto be tested

If a student can use
an incorrect rule and
answer the problems
correctly but fails the
test, the teaching paps
and the test are not
using the WWI domain
of items.

Test:

Flenviet the Machin.,
practice and summary
pages an the student
must use tIke mope. .

Me to anwier the
problems correctly.

V

Hypothesis to be tested

If a student ails-scores
his pages, he will not
learn the prams rule.

lest:
Agin OM student the
w materials but
ctL, nip the classroom

logedient procedures
so the student cannot
a the correct answers.

Hypothesis to be tested,

If. student can use an
incorrect nits but
answer some problems
,incorrectly, he has not
foamed the appropriate
procedures and will

some problems.

Test:

ROWfilll the watching peps
an student learns the
proper rule and assign
the student the radioed
notarial'.

Hypothesis to be MOW

If a student dees poorly
on the summary Pere ,

and tikes the criterion
wet the student is not
motMeted to learn.

'het
Hems* the stwileM the
wee oesignnsent and
reinforas hien for
barring the acanthi nude.



Identification of how student
learned and practiced an
incorrect rule..

(Were the problems on the
Yes Practice Peps answered'

correctly?

Hypothefet to be tested
Wan assignment does not
include sumeriary pages,
the student can fad the
criterion test because the
student has not been
required to discrinfinete
between all aspects of an
instructionpi sequence.

Test:

Rewrite or assign available
summary paps and Design'
the thicient the pre @
aesignment but include

g, the new paps before the
test.

#s

No

Were the problems on the
teaching paps answered
correctly I.

Wire the student's pages
noted appropriately?

Aiwa bin student's incorrect
responses and select one of
the following hypothesis.

Hypothesis to be tested
If a student cannot
answer problems correctly
in the instructional
materials and attempts the
criterion test, the Itudert
does not have the proper
deffetaluation skills.

Test:

Robert the student the
same assignment end
reinforce him for leaning
(getting correct answer:).

p

Hypothesis to be tested
If a student is missing
crucial prerequisites, the
student will not learn
from new materials that
assume their mastery.

Test:

Assign the student
mater' which teach the

isites . Upon
mastery, reassign the
student the same materials.

e

16

Hypothesis to be tested
If a student scores his
Pain irillfroPereY. the
student will not learn the
required skills.

Test
Remain the student the
sem assipment and
have the student follow
the proper. swine
prooethwes. (marking and
redoing incorrect
problem).

Hypothesis to be tested
If the teething pages are
not effective, this student
can learn an incorrect
rule

Test:

Rewrite the teaching pages
an the student can team
IPA proper rule and then
assign the student the
new materials.

a
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the basic independet1 variables that were of concern in this study, namely,
needed changes in leison materials. The latter hypotheses were tested
by writing or rewriting the specified, lesson pages and then having the
student work through the lesson again. When sun changes resulted in 1.

the4upil passing the criterion test, it was assumed that the lesson

inadequicy.had been identified. Of course, both those hypotheses deal-
ing with changes in the pupil and those dealing with changes in lesson-
materials had to be tested. In essence, such tests are equivalent, to
Platt's "crucial experiments" in that they provide a means for rejecting

a speCifically hypothesized cause of test failure.
Figure III provides another example of an inference tree developed

to identify the same type of variables as those identified 'in Figure II.
Figure III starts with the specification of a slightly different type of test
information than that whith provided the basin for the analysis developed

in Figure II.
There are several points within the trees shown in Figures II and

III whece the answers to certain questions lead to 8( .,2ral hypotheses
rather than just one, Presently questi . which can discriminate amon

these hypotheses have not been developed. Certain rules have be fou

useful in deciding which hypothesis should be tested first. Examples of

these include khe following. If one hypothesis is easier to test than

another, choose the easier one first, If a stud ent has previously demon-

strated poor study skills,.choose the hypothesis concerning inadequate

study skills first If the student has been observed as not "attending to
task" by the tea, her or evaluator, choose the hypothesis concerning
motivation first, etc.

3. Controlling experimental. conditions. Extensive work in curriculum

development and evaluation and classroom observation by both writers
suggested the ne,:essity of first carefullys.specif4i4 the desired classroom
procedures for the use of the given lesson materials (Light, 1972).

r
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Identification of why the student cannot answer unique problems correctly
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/.. Did the student do well on the
Yes peps which taught the student

how to solve the unique
problems ?

EDid the studest do mall pn the
Yes peps which practiced tre tongue

problems ?

Hypothesis to be aimed

If students do not use the
proper study *ills, the
student will not learn the
proper consent and will
fail a criterion test.

Tele:

Pkeillifil the student the
identical maseials and kW
the teacher mifere the
Modem for Ming pow
self-oraissation skills.

*N.

a

Hypothesis to be tested

if students are not provided
with sufficient pretties paps
they will not main newly
acquired skills.

Test

Writs additional practice
pipes and assign them to the
student.

'4)

Hypothesis to be WOW

If Machin, pages are
inadequate the student will
not learn from them.

Test:

itevwiM the eseching paps an
there u a low war raw
and mien the new peps to
the student.
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Yes
Ate students given the

aopportunity to practice
answering unique problems

a

4.

[Identiaication of why the
student cannot answer
unique problems t orractly.

vK Are students taught how to
solve the unique problem?

/ f.

Hypothesis; to tussled
If a student does not
pretties a newly squired
skill, the student will not
pees the mastery lest.

Test:

Write pages which practise
the unique problems and
assert them to the student.

Hypothesis to be teetod

If a student is not Ought
how to alum unique items,
the student will net pees
the Ineatwy teat.

Test:

Writs pages to leach the
btudent how to Mrs unique
items and mien them to
tlna 116/011M.

Pa
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Two methods were found to be effective in controling for the effects of
such classroom proceduce variables. They were either eliminated or
stabilized. In order to eliminate the effects .of a variable, rules were
constructed which prohibited their effects from occuring. For example,
in order to insure that student's test performance was only the result
of what was learned from the instructional material rather than being the

result of another student's or4he teacher's assistance, rigorous testing
rules 'were designed to insure valid testing procedures. If any rule

was broken, the student's test was voided, and an equiv3lent form had
to be 'taken by the student.

The other effective niethod, for controlling the effects of some
variables which could not be eliminated was to stabilize their effects.
For example, teacher behavior is known to influence student performance.
The teacIther'a role in the class was therefore explicitly defined as to
What she could and could not-do when interacting with her pupils. This

interaction was then observed by the evaluator and was monitored through
cooperative planning involving the evaluator and the teacher who was

faking part in this formative evaluation program. This e of "control"
of conditions is analogous to the experimental control imposed by the re-

searcher.

4. Examining student performance variables. The inference trees

develaped in Figures II and III illustrated that a logical analysis of the

causes of a specific test failul: involving a detailed examination of

how the student performed on tf4 related lesson booklet, results in two

types of hyvotheseek. The first type related to needed changes in student

pertorm_ince and capabilities, largely the pre-requisite skills which he

did or did not possess. The second type related to needed changes in

lesson pages. This second type was discussed at some length in a fore-

going section under " 2. Specifying the 'independent variable." The first



type was desk r ,ed as in\ oIvinz hypotheses dualin!, with the control of

student differences in performance capabilities. An additional form of

such performance capabilities is represented by hypotheses related to
the type of study skills which the individual pupil uses in studying the
lessons. An example of an inference tree involving s9c h variables is
provided in Figure IV. The hypotheses identified by this tree should be
tested in the same manner followed with respect to the hypotheses identified
in Figures II and III, that is, "crucial experiments" must be performed.
Such experiments help the evaluator to rule out certain individual pupil
qualities as explanations for poor test performance. In this way they

provide a "control" of,pupil variables when one is attempting to identify
those portions of a lesson that need to be changed



Identification of improper
study skills.

Were the student's teaching
pages scored properly?

Were the student's practice
pages scored correctly?

Vas
Was the content of the

" pages done with few errors?

Hypothesis to be tested
If the student Uees the
answer keys inappropriately
to score his pages, the
student will fail the
criterion test.

Test:
Reassign the student the
identical pages and
reinforce the student for
using the answer keys
properly.
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Hypothesis to be tested

U a !student uses
inappropriate scoring
methods on his pages, he
will not horn the material
and will fail the criterion
test.

Test:

Reassign the student the
identical passe end have
the bather reinforce him
for scoring pages properly:

Hypothesis to be tested

It the teaching pages are
not done properly, tie
student will fail the
criterion test.

Test:

Reassign the student the
identical pages and have the
teacher reinforce the
student for learning from the
PellL

Figure IV

Litypothesis to be tested

If the practice pages are not
done properly, the student
will fail the criterion test.

Test
Reassign the student the
identical pages end have the
teacher reinforce the student
for accuracy.

Identification of Improper Study Skills
7-%
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Results and Conclusions

The purpose of this study was to iroiestignie procedures for using
strong inference and inference trees in the evaluation of an instructional
systern in order to establish th' causes of, and tO improve, inadequate
instructional materials.

44r
The procedures described in this paper were effective in identifying

a cause of failure fo.r every test failed during an entire school year in
two classrooms. It is difficult to report exactly how effective these pro-
cedures were in improving the instructional materials because, for many
objectives, only a !"ew students used the revised lessons, making it
difficult to evalk,iate the effectiveness of some revisions. Gross analysis
does indicate that improvements were made in the instructional materials
during the school year: student performance, measured by passing tests
on the first attempt,.was improved on 82% of the objectives studied

during the school year.
The writers of this report were encouraged about the use of strong

inference procedures and feel that they can be effective in certain settings
in establishing carlsal relationships. One of the major impacts strong

, inference can have is its requirement that the evaluatoi must identify
and test multiple hypotheses until a hypothesis is identified that cannot

be rejected. Because ofl this, the evaluator will locate previously un-
know independent variables which are affecting the instructional system.

The purpose of develoiling inference trees is to provide a formal
structure for using strong inference. The trees, once constructed, provided
a listing of possible causes of test failure, a descsliption of how to carry
out a test of each hypothesis, and questions whose answers ha-re a high
probability of leading the evaluator to those hypotheses that should be the

most difficult to reject first. If the hypothesis selected is rejected, that
is the studeng fails an equivalent test, other hypotheses must be tested
until one ..:annot be rejected. The criterion for successful identification of
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cause of test failure is always student mastery of an equivalent test; if
the student does not master the test, the entire process is begun again.

Summary

The use of procedures based on strong inference were found to be
effective in establishing cause aid effect relationships during the formative
evaluation of an individualized instructional program. The construction
of inference trees that were applicable in evaluating any lesson in tills
program provided a set of efficient guides for identifying weaknesses in
lesson materials. The authors feel that the use of designs bases on
strong inference can lie of value in many settings where the type of control
required by true experimental designs cannot be exercised or where the
types of questions answered through the use of true experimental designs
are not the important que'stions.
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