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The Method of "Strong Inference' in the
Design of Evaluation Srudies ’ ' -

Judy A. Light and C.”M, Lindvall .
University of Pittsburgh

/ . " N +

e T The educatlona‘ researc her working in natural scttlngs (e g., In

on-going classroom situations) ig frcquently involved in 51tuat1ons where
N o y .

.Lho type-of (_ontrol requ1red in tfue experimental deslqns cannot be exerc1sed
1 : or \vherb rhe types of questlons answered through the use of true expcrnnental
dgslgns are not thc\lmportant questlons " In most true exper1menta1-des1gns .

a key step in ‘can:png out the study.is tc randomly assign plipils and teachers -
(and“pelrhaps %-n sciiools and communities) to experimental conditions.
~ As is'pointed out in explaining such designs (Campbell & Stanley, 1963)

this randornl/atmn is cmployed torcontrol for variables whose influence

3 - I3

cannot. be controll»;d in other ways and to chmmate the p0551b1e 1nfluence

of . (,ausal Londltions of whuh one is unawarc,

-

There ob nously is a need to scek out and use ‘des 1gns other"than
. "true' e*cperlnlental ones in certain 51tuatlons where randomization is
neither Qraétlcal nor qscful Campbell and Stanley (19(\3; recognrized

this need for ide_nti'fying qu'lsz ‘experimental" des1gns whlch could be used

bl

in these situet*ons Carnpbell (1963) feels thast these quaSl expenmental

designs can estabhsh causal rclatlonshlps under two « ondltlons that

the 1nterpretat16ns made: from the collected data seem plau51b1e, and that

(. -

- other. plausible rival hynotheses can be chmmated

Guidance as to one poss1ble procedure to be used in thes!e quas1- N
)

experlmental s1tuat16ns may be derived by notlng that the situation of

LR

el.lmmatlng rlval hypotheses is 51m_11ar to that descrl.bed by T, C.

Chamberlin as involving nmultiple working h?pdth(‘ises:‘

. " R T - :
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In developing the multiple hypotheses, theeffot
"1s to bring up into view every. rational cxplanalion of
the phenomenon in hand and to d- \xnlop every tenable

hypothesis relative to its nature, cause, or origin, - L LE .
’ and to give to all of these as impartially as - ble " ' : .

a working form and a due place in the inves: n :

(Cha mberlin, 1944, p. 160, PR S

Platt ’1964\ pomtmg to the thoughts of Chan"lbe' lin as promdm;.,

much of the ba51s for his thinking, has qug,gest(d a flamework for -
~ T I »"
’(./ testing each of a nurnbc. of pOSStble\hy‘pOthCS“S whigh he has narned

Y'Strong Interence . He has made an 'mpresswe case for the clalm that

F N . I

the use of research pro'c;cdur;us ‘based on this approach has been a ma:_;or

-

factor in spettacular advances in research within certain areas of biology.

¢

Strong it ference procedures require the experimenter to consider all

possible explanatione for 2 given- outcome, to p‘ian t_he rhost effective

- e [

qequence i‘or studying such explanations, anc’ to then carry out - systematlc
1nvebt1gat10ns to eliminate as many of these as pOSS1ble. Those" wh1ch

cannot,be rejected are accepteg as. ctabhsmng cause and effect relatlon-

sh‘ips until they c'an,. if ever, be disproven, Platt's opinidn is that’ sc;lentlslts" -

siiould be designing experlnlcnts wh1ch bystcmatmally investigate such ‘
‘ rival hypothe“(,s and that the results should be based on the ellmmation of

alternatwe explanations, ‘This allow.s the scientist to explore the unknown

at the fastest rate since there'is a mlmrnum sequenee of’'steps to be fo’llowed‘

and conclusmns arc reached rapidly by elrnlnatmg) all pos s1b111t1es eicept one,

»
N

%
(\ It appears that 1'osearch designs based ¢ 1 strong 1nference can offer

Tauch hLlp to the Ldu.catmnal researcher worklng in the natural setting -

because he is better able to reject poss1b1e“*cau*s*e's “of effects than to

“directly establish specific cause’ and cffect relationsxhips, For example,

.

“during the formative evaluation of instructional materials, an cvaluator can
locate and improve. inadequate materials more readily than he can establish
. N - - . .

‘why certain materials ate effeclive, The result would be the quick replace-
) : resi ‘-,

> ~ment of poorer instructiendl materials with more adequate materials, '

O
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Designs based on 'stroﬁu inference seem to satisfy Campbell's two

requirements: mtcrpl ctations made from the d‘tLa would appear plau51ble
- e, g,, the 1nadequ“¢to matcrials would be rep]ac ed by 1nater1als shown N

to be éffective) and othér rival hypotheses would be eliminated (e.g.,’

S o . © '
systematle mwostlﬂatlons would be useql to eliminate as-.-many rival

hypothe es as posmble)
' (_)l)_jective o Co.
The.obiective of this study was tc adapt Platt's sugqesti‘m;s for
' ubmg strong inferelce and 1nfor¢ncc trees to lcvelor) a design prOfedure

. Whlr‘h could be used in the cvaluatmn of an ins érun Llonal systom The
. <

use of 1}}.fercnco trees scems pa&c_ularly/édaptablc to the kinds of’

format*ve evaluatwn activitics require d,(lurmg the dcvelopment and

tryout of complex mstructlonal systems, First the evaluator must con-
JL . - . . -

sider and test hypothescs cqneerning ‘the effects of all components of

. ‘'

the systemunder development including tests, lesson materials, teacher
behavior pupi:1 bshavior and classvéom manaf"‘er‘nent rather then select

only some of the variables which can effect any instr -uctional system.

: Seconcj, ‘the procedures shoulcx‘be effectlve in that they can quickly

identify and corv'rect‘specific weaknesses within the systém,
. ' : ' . . . Method v I
A rather typical problem faced by the person attempting-to carry-
: “ % . 3 . “
out formative evaluation activities in conjunction with the development of

a now educatlonal pr oglam is that of 1den11fy1ng ";he specific. causes of

glven instances: of svstem fa11ure An’ ucample of this type of problem is the

. situation where thére is. rather consmtent puprl fa11ure on a test within -

L

. a ne_w cur rlculum. Faced w1th ‘this particular result, the formative

‘

-
'~

evaluator ‘must determine if the cause for this failure is inadequate lesson

'J'na'te{-1a1s, an invalid test, poor.classroom mstruzction, ‘the improper .
. ST . N E o w
. placement of instruction within the overail curriculum sequence, or some,
. i . . ?

F
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other unknown caidse  This problems of ider;tifying the cause of some
specific evidence of inadequacy i.n a new instrgctional program can be con-
sidered as a probtem of in\l'.ostigating a,nur-nber of hypothesés, eac.h id.cntify-
ing a pussible cause of this i‘nadeciu_acy. Such a situation would seem to
rféui.h\ 'the use of some type of quasi-experimental procedure in investiga-

ting cach such plaub.‘ible hyopthesis.

. . [ 4 .
The procedures developed in this stady were aimed at attepnpting to
. . . :
adapt Platt's method of strong infercnce and the use of inference trees into

procedures for establishing cause and ‘effect rclationships between one

dependent variable and the multiple possible causqs for that dependent variable

in a compleg instructionai system (the independent ‘-ariables), For
examplé, one approac\ to the analy;sis of an instruction;l situafion.is to
vicw each possible 'cause“failure as represewnting the independent variable
in a hy;pothesis. FEach such hypothesis would express its presumed influence
;)n the depehdent variable, e.g., te.st performance. While the appr‘bach

of viewing this problem as one of inv‘estigati'ng specific hypotheses a'ppear’s

to be an ofvious one, it leaves the evaluator with the related quéstion of ,

.how to design procgdures for;'cér"rying out such investigations, -

Basically, the c¢valuator attc.mptiné to provide information fo.r\'the
tmprovemont of an educational p.ronram and the researcher designing a
true experiment are faced with the same task, Both must design t'néir‘
studies in.a way which will permit them to draw valid coﬁclusions con-
cernin'g the effect of a given treatment, Tc develop ihc needed design both
must (1) specify the dependent varfable, or exact effec', that is of
concern, (2-.) identify the treatment, or independent variable, being studi:vd
and (3) vstablisn control conditions that permit conclusions to be drawn con-
cerning the effect of the variable being studied by c¢liminating the plalfsjbility
of other possible causal explanations. To understand th.c design problems
of the cvaluator it may be useful to examine th.v similaritics between his |

-

task and that of the experimenter. ' \

/.
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1 SECcifx.in'g the dependent variable. In many research studies
‘-

the logical starting poirt for planning the investigation is the identification
of the variable that one wishes to affec.t,. e. g, reading achievement, pupil
self‘-conccpt, tea.chcr satista.ction, etc. The Ffescarcher must specify
this variable qui-tc exactly, typically in terms of the instrurh'ent or i)roc‘edure
that is to be used to measure or describe it. In a like manner, the for-
mative evaluator must 1dcnt1fy the specific program outcome that is of
concern, For oxample, if pupxls are {ailing certain tests, the first task
of the evaluator is to specify what they are doing incorrectly, .

2. 'dentxfyng the independent vanable The experimenter wishes -

to study the effe( ts of a certain treatment To do this he defines that
treatment or treatments with whick he will compare it (on;- of the latter
may be the ''no treafmcnt'.‘ condition),- The evalt;ator's role is to‘idcntify‘
and find whub protable- cauae helped produce a given effect,” That is the
cvaluater must identify the specific program components’ which can effect
-the dependent variables under investigation, ™ The evaluator wishes tobbe
-able to say "This specific program component 1s the cause of the poor
performance of the system which we are investigating. " To do this he
will have. to identify a number of prog:‘-am' components whose failure could

be plausible reasons for the poor performance.
N

3, Controlling cxperimental conditions. - One aspect of experimental |
-\ X

design is to establish control$wo that ccrtain conditions are common te

both experimental and control groups. For example, in an experiment

comparing instructional methods, both experimental and control groups

\J
may be taught by the samec teacher in an effort to eliminate teacher effective-

ness as an alternative explanation of any differences in results, The
ev3luator, too, must be conterned with ' : control of certain cot-

Cae . oy . . ! )
ditions. However, evaluation does not typically involve the comparison of

two groupg/(although in certain situations it obviously could involve this),

Usually it involves gathering data as a program operates within some one
. .
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context  However, jhis makes e¢ven more real the possibility that "un- -

controlled conditions''

are the actual causes of poor program performance.,

vHow, .then, arc¢ such gonditions to be cm:trollcd" In attempting 'to- answer . .
th_is question it 1s important to take into account that while the formative
" evaluator maybe cxamining one component of some tyée of "program'" or

"system, ' such a program is influon(‘ed.by many other com{)qnents and
'p'rocedures. For le‘\"dmplt;, if the evaluator is assessing the effectiveness
of séme type of lesson mateéia’l, it is likely that the total program specifies _
certain procedures to be followed in using these materi;lr, Such procedures
serve to specify some of fhe things that are td be.co'ntronedj This means

that if the evaluator is studying the effectiveness of givén lesson materials, )
conditions must be controlled to the extent that teachers are using the Jes;c;nn

by following the spccified procedures. Without this type ;).f control the evaluator
has no way of elimin'a't‘ing'_such things as "improper teacher procedure"

as being the cause of lack of achievement. The experimenter, cancerned “y

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-

ceérned with inv}.:stigating the effrctiveness of some specific prograrr/x eom- |
ponent, controls the operating program so that other relevant comp‘onente o
are func'tiom in the intended manner. ' | "y l

4. Controllihﬂ for individual subject variables. In a true experiment,
L .

subjects arc typically assigned to treatment and control groups through
some type of randgm assignment. This procedure, together with thre use of
tests of statistical significance, helps one to eliminate concern aboﬁt a

.

. 4
variety of factors associated with individual subject differences a\the causes

of any effects prod‘uccd. The evaluator, assessing the components of a )
program operating within the context of an on-gving school program,
typically cannot employ randomization, = Despite this, there must be

gome control for this type of,individ&al difference factors. The evaluator
.
L}

* N -

N
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attempts to partially negate the effects of some of thern by basing the’
. N - . v . 'Y I3
evaluation of the performance on'as tepresentive a sample as possible,

Other variables of this general type may be 0;1(-5 that'the inciructional )
program is designed to control. For example, studen‘ts‘ differ in the
ca- with which they study and complete a lesson. This type of pupil
ra,. lessness cannot be p(-rmit%_od to affect pupil performance or less-on
materials and the results then be intcrpretcd\\e} indicatiag some in-
_adcq(xacy in the mat'e.rials.' Pupil variables of this type must be ideﬁtified
and their presence gr absence noted ih the case of any given pupil per- -
formance. Control o{ the variable, in t'hc above case, might be achieved
by requiring such pupils to re-study the lesson u;mder pr-oper conditions.

. In the prcs'cm study, the foregoing steps in design were delmeated
\n terms of their application to the formative evaluation of lesson

- matgrials being fiven a try-out withig tHe context of a progra‘m for in-
.dividualized instructica. In this spccii’ic application these steps can be

.- destribed as: ’ : o -

‘ 1. Defining: 'ho_depﬁ\dem‘variablc, that is, sel\e‘cting what
specific evidence wili be used to identify a breakdown
in the instructional system, \

2. TRfining the independent variables), that is, listing the multiple
plausible hypotheses that might account for the specific break-

"-down, .

3. Defiding and controlling ‘the "expevimenfal conditions' by
sp~cifying and then monitoring key aspects of thé instructional
environment. - A -

4.  Defining and examining a number of student pé_t:form'ance variables

that have to be accounted for in attempting to clarify cause and

effect relationships between independent and dependent variables.




O

ERIC

Aruitoxt provided by Eic:

Platt's~desc ription of the use of strong inference in establishing

cause and effect relationships syppests the worthwhile use of this procedure

in developing and carrying out the foregoing steps in evaluation. He
. . [
defines strong inference as:

~applfing the following steps to -e\-ox'y problem
in scicnce, formally and explicitly and regularly:
: . 4

‘1) Devising alternative hypotheses; .

>

2) Devising a crucial experiment (or sevgral of them)

~ cach of which will as nearly as possible.

exclude one or more of the hYpoth_e’ses;

3) Carrying out the experiment so a® to get
a‘tlean result;

1') Rccy'cling‘tho procedure, making subhypotheses or

" sequential hypotheses to refine the possi- ,
bilities that remain, and so on... (Platt, 19¢4, p. 347),

It scems that strong inference should provide the evaluator with

-

a formal structure for developing and carrying out these <teps. Adapting
Platt's procedures to use in the formative evaluation of instructional
sy'étems has as its goal the need to establish that a spociﬁc system mal-
function waeé a consequence of an identifiable inadequency within a system
component (Light & Reynolds, 1972). Thus the required pr'ocvdure of
sirong;inference becomes one of fo'rr'nulating "multiple hypotheses'" and
usir.mg inference trees as a basis for specifying and eliminating rival
hypotheses so as to identify the exact system component that must be changed.
One mﬁjovr reason for assumihg the effectiveness of strong inference

in these t‘ypc-s of studies is that strong inforen’cc requires the e. aluator
to identify and test each cause of poor test performan..  whethcr the

cause is an inadequacy within the lessons (the independ it variables) or

an individual student'inadequacy that must be corrected.

ABPlication of the Method

Data Source

(& ’ .

This investigation was carried out within the context of an elemaont-

B

" tray school gerving as the laboratory gr the d}vvlopmcnfaml tryout '
L 4



of modifications in the Individdally 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 en_tire school year.

t The instru_ctional system under development was the 45 unit*_coEnT
sisting of 264 objectives normally used by the students in the fourth grade
duringsthe course of the school year, The system components being in-

vestigated as possible causes of system failure included the lessons the .

tcst's, teacher behaviors, and pupil behaviors.
N (

Procédures

TK(‘ proccdures uscd in this study followed t!'. four step outline

previously pi-e scnted.

1. Specifying the .  ndent variable: In generél, the evidence of
system failure usc:d in this particular application of the procedure, was
pupil performance on a criterion test. However, to invhestigate the cause
of any such failure it was necessary to obtain a-vcry' specific descriution
of the exact naturc of the failur;e, This was facilitated bAy\Lhe use of a
form of inference trec as shown in Figure I, This tree involves anlwermg

questions by examxmng the sfudent's respogses on thu telt in order

*to identify as .pecxfx( ally as possible the tync of errb; the ssudent trad:

#nd which branch of the tree would be the most logical to use to pin-point
the specific system failure. As can be seen this inference tree was
designed to pin-point the type of error made on the test. Afte; ar{alyzing

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 Rrocess
being twht
.
2. Computatxonal érrors which were defined as errors .resulting

from the student writing art incorrect sum, product,
quotient, or diffcrénce in a problem.’

-

~

-

".

I

/
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Figure |

Identifying Student Test Errors®
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Hypothesis to test:

If a student fails a test
becsuse he does not know
his number facts, he will

fail any tes. which uses them.

Teost:

Assigr: the student intensive
work in the prerequisite
computational skills and
then reassign the student
the same assignment.

Yes | wst computations! ?

Were th* errors made on the

No

Yes

Were tha errors made on
the test systematic ?

No

—

Hypothesis to test:

If o student fails a vest
becsuse of systematic e ors,
the student is using an
incorrect rule.

fcst:

Use Figure |1 to identify
how the student learned and
practiced an incorrect rule.

IS N

Yes

Were he errors made on
the test unsystematic ?

No

1

Hypothesis t0 test:

If a student fails a test
beacuse of unsystematic
errors, the student is using
iradequate study skills.

Test:

Use Figure IV to identify
what study skills are
inadequate.




A student, after com;;hﬁng
the proper assignment, fails
the criterion testd

1

|
l

/ Didthe studcm' incorrectly
Yes answer more than two

problems ?

of

Yes

Were tne errors made on
the test computational ?

No

Yes

Did the student incorrectly
answe/ one problem ?

-

i

The stucent should be given
mastery.

Hypothesis to test: ~

if a student fails one
problem on a test because
of a computational error,
he has demonstrated
wfficient knowledge of

the skill to receive mastery.

No

Hypothesis to test:

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

-

Teost:

Assign the student practice
in computational skills
and reinforce him for

accuracy.

-1

st computatiomal ?

. Ware the érrors made on the

No

Hypothasis to test:
if a student fails a test

because of process of error,

the student has not

a probiems that
e umuo.

Test: .
Use Figure 11l to identify
why the student can not
answer unique problems
correctly.
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. /
3. Svstematic errors which were defined as errors

resulting from the student ubing an identical but
incorrect rule to answer all items.

At -

4 \Ion~o'{/st(,n1atic errors which were defined as errors

roqultmq from the-student an:werlng items incorrectly
but fm different reasons. L., ‘

3
»

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 test, the'type of error was usually
the result of a process error or a computational error. When a student

only missed aone or two items because of a process grror, it usually meant

N

that the items missed were unique in their content, For example, a stu-
dent only failed the items on a test in subtraction with borrav 1 whon the

problem contained a zero in thc tens place, but passed all Otucr sub-

e

tractions items. Once the umqueness has been identified, the c¢valuator

‘r

can use the appropriaté tree to select a testable hypothesis. - -

Note that the‘hypotheses derived from this analysis are of two major

- types. One type provides for improvitng the individual pupil's command

of pre—requisiée skills and then having him use the lesson,again, Taking
such a step provides a form of control on individual pupil differﬂences'on
certain crucié.l variablé‘s, If testing thi's type of hypothesis show's that
improving command of pre- requlsltes leads to the students nasqmg the
tegt, this student‘“ lesson perforrrfance will hot be subJected to Lurther
analysis. Thé second- type of hypothe is shown in I"igure I 1nv01veq those
that can only Qe examlned through fu""’her analyses that can, in turn, be

facilitated by the development of additienal infeTence trees, Such trees |

_serve to identify other types of variables that must be controlled or tested

’ e

as possible causes, - ' g : '

The treec. shown in Figure I gontams several questions whose negative

answer leads the {,valuator to a.question mar :IH Se quest1on‘s marks

symbéhze situations which have not yet arisen, but are included as a

¢

reminder that all the mfc ence trees are working mofc! whw_h may

.



need to be expanded as tte trees are used in on-going situatiens, If

13 h * - + .
a student fails a test for reasons other then those already explored

the evaluator. would build onto thf tree. S

. A A
2. Specifying the indeperdent variables. Once thg exact nature of

P

criterion test failure is identified t becomes possible to generate hypotheses

that identify probable causes (the ndependent variables) of each failure.

. -At first these hypotheses were generafed b'y analyzing.:ach pupil's materials,

and angwering 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
those items passed on a test?
3. Where in the instructional materials were these types of
problems presented? g
4. What in the instructional material could have caused the
‘ student to fail the test?
5. Did the student'use the material in the designated manner?
. 6. How can the hypothesized cause of failtre be experimentally
investigated?
. The result of this proceddre was an e:tensive list of possible causes of

‘test failunes,

hyp:othe ses.

-~
Examples of thes causes are represented by the following

e’

(If a pupil fails a test, then:~

~

the pages may rnot teach and provide practice on the -

tested content,

the pages may not teach and provide practice on
""unique'' properties,

the pages may not require adequate practice;"

the prescription may not contain pages which are equivalent

in form and content to the test, ,

the pupil may not have learned from the teaching pages.

the pupil may have demonstrated poor work skills.

the pupil may have done the assignment incorrectly.

N

9
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. ' ) ) h. the pupil may not havge .thc_ appropriate prerequisite |
. behaviors for a given lesson page. '
i the pupil mdy not be motivated to do acourate work,
3. the pupil may not be "attending to task' while doing his
. : work. ) - )
the pupil may not be checking his work.
1. the pupil may not b> able to ‘use self- evaluatlon skills to ®

decide it ‘he had fearned the requxred skills, . o

(A demonstrations of how this was icarr'ied out can be found in Light and

_ Reynolds, 1972). . ’ . . .

-

Figure II grovid(ﬁ an example of how su’c(h possible causes can be
str’ucturcd into an infcrence tree that':xplains some particular type. of ®
test failure Notc that this involves an analysis of how the p(xpil performed
on certain major parts of the lesson materials. In this example such "pax"dg“

.
of the instructional booklcts were pracficc }l)a‘ges, teaching pages, and summary
pages. Answers to questions concerning. how the individual student did )
. on these types of pages were used to idcntify which hypotheses should

be tested first. The order of these questions was determined by deciding o
‘what types of information were ncede o (:ither\ eliminate or establish

certain conditions as the cause of fai'lure. For example, if a studént fails
a test belause ho has missed "an unique xtom" this could be caused by d
onegof seeral factors: the matenals do not teach the utudent how to solve
the uniquegtype of items, the materiais donot provide any pr-actlce in
solving the unique items, or the student did not do the pages properly.
Questions concerned with identifying if the umqﬁo it_un{s were taught or
practiced should be answered before analvzing how 1hc student did on ‘
these pages, since hypotheses based on the studgnt's anSWef-§ 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 typcs. Om\typ( is the same-as that.found in Figure I,

Thx., type involves (hang,mg the student and represents a form of conérol of

individual student pcrformanec& The sccond type of hypothesis deals with
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Identification of how a student learned and practiced an incorrect role .
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the basic indcpcndcr} variables that were of concern in this study, namely,
nee.:ded cl{anges in lesson materials. The latter hypdtheses were tested .
by writing or rowriting the specificd lesson pages and then having the

studenl work through the lesson again, When su?h changes resulted in »

N

the\i)upxl passmg the criterion tcst, 1!’\vas assumed that the lesson

-
madequacy.had been identified, Of course, both those hypotheses deal-
ing with changes in the pupil and those dealing with changeu in lesson
materials had to be tested, In esscnce, such tests are equivalent to

Platt's ''crucial experiments’ in that they provide a means for rejecting

a spt;‘cifically hypothesized cause ?f test failure,

“ Figure Il provides another exar;\plc of an inference tree developed
to identify the same typ( of variables as those identified'in Figure II.
Figure III st‘arts with the specification of a slightly different type of test
imformation than that whith provided the basig for the analysis developed
in Figure II. )

There are sceveral points within the trees shown in Figures [l and
111 :vhece the answers to certain questions lead to scveral hypotheses .
rather than just one, Prc/s‘ently questi , which can disc rimi\;xe amon
these hypotheses have pi&t been developed, Certainb ru);es have beehn fout'x
useful in deciding which hypothesis should be iestcd fir'st Examples of
these include the following. If one hypothesis 1s casier to test than
another, choosc the easier one first, Ifa stndent has prev musly demon- ]
strated poor stury slkills, K choose the hyputhos:s concerning inadequate
study skills first 1f the student has boen obscrved as not "attending to
task' by the tea« her or cvaluator, choose the hypothesis concerning
motivation first, ctc. ) y

. . . . . >
3. Controlling gxgerlmontal-confhtlons. Fxtensive work in cgr_nculum

development and ¢valuation and classroom observation by both writers
sUggebted the nc.cossity of first carefully, specifgduf the desired classroom

procedures for the use of the given lesson materials  (Light, 1972).
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Two methcds were found to be effective in controling for the effects of

A

such classroom proceduce variables. . They were either eliminated or
\stabilized. In order to eliminace the effects . of a variable, rules were
constructed which prohibited their effects from occyring. 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 bemg the
result of another student's or‘he teacher's assistance, rigorous testing
rules were designed to insure valid tes’ing procedures, If an;' rule
was broken, the studemt's test was voided, and an equivglent form had
to be taken by the student, ‘

‘The other cffective method 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 teac.her'n 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 .

‘cooperativé planning involving the evaluator and the teat:r who was
faking part in this {ormative 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

developed in Figures 1l and III illustrated that a logical analysis of the
causes of a specific test faxlurk involving a detailed exarfiination of
how the student performed on thé related lesson booklet, results in two
types of hyyotheses. The first type related to needed changes in student
pertormance 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 descr cd as involving hypotheses dealine with the control of
student differences 1n performance capabilities, An additional {o;rﬁ 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 such 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 11l, that is, 'crucial experiments'' must be performed.
Such experiments help the evaluator to rule out certain individual pupil
qualities as explarations for poor test performance. In this way they

provide a ""coptrol’ of pupil variables when one is attempting ta identify

those portions of a lesson that need to be changed -
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- Results and Conclusions

-

The purpose of this study was to investigaie procedures for using
strong inference and inference tre\es in the evaluation of an instructional
system in order tu .stablish th- causes of, and tJ improve, inadequate
instructional materials.

The procedures described in this;aper were effective in identifying
a cause of failure for every test failed during 2n entire sthool year in
two classrooms. It is difficult to revort exactly h_ow'effectivg these pro-
cedures were in im"proving' the instructional materials because, for many
objectives, only a “ew students used the revised lesson;, making it
difficult to evaluate the effectiveness of some revisiocns. Groess analysis
does indicate that improvemen?s 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.

.

7.
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 cransal relationships. One of the major impacts strong

,

/" inference can have is its requirenflent that the evaluato} must identify
and test multiple hypotheses until a iypuinesis is 1aentified that cannot
be rejected. Because of' this, the evaluator will locate Freviously un-
‘know independent variables which are affecting the instructional system:

The purpose of developi'ng inference trees is to Brovide a formal
structure for using strong inference. The trees, once construcfed, proVided
a listing of possible causes of test failure, a description of how to carry
out a tést‘of each hypothesis, and questions whose answers hae a high
probability of leading the evalua\tor to those hypotheses that should be the

, most difficult to reject first. If the hypothesis selected is rejec'ted, that

is the studenf fails an equivalent test, other hypotheses must be tested

uutil one cannot 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 and effect relationships during the formative
evaiua_.tion of an individualizeld instructional program. The construction
of inference trees that were applicable in evaluating any lesson in tiiis
program provided a set of efficient guides for identifying weaknesses in
lesson materials. The authors feel that the use of designs based on
strong inference can be of value in many settings where the type of control
re‘quired 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 questions.
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