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ABSTRACT

L . 7 - 1Internal validity is described as a matter’ of how
vell a| particular ifstance of data collection or generation can be
descri éd.and_explaﬂned. It is a propertngf\igg procedures used in-
he collection or ge eration of data. The not \\of internal validity
Fféxa ined in order: to establish a method of gnantitatively -
stimating it. A coefficient of internal validity is. defined by the

quation that it equals one divided by one more than the. number of
alternative independent plausible hypotheses. If experimented .
procedures rule out all alternative plausible hypotheses, then the
internal validity coefficient equals one. As the number of -
alternative hypotheses approaches infinity, the internal validity
coefficient approaches zero. Alternative hypotheses may be considered
to be equivalent to alternative indepéendent variables that are :
discrete and non-overlapping and cannét be ruled out and are
{ndependently definable. A Suggestion is gipen for weighting-
ndependent variables according to their-rank order of being

plausible. This viev is coherent with Harman's view of induction as
inference to the best explanation. (Author/CTH)- « -
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. 1is cousiderad as well as their relative plauaibi
 Finally, the guestion of internal validity is viewed as being

. - ABSTRACT
The notiop of interpal validity is examined for purposes
of establishing a methed -of quantitatively estimating it. The

logical pxoblem of’ 'identifying independent alterpative liypotheses
ri:gy weighting.

a form cf Harmon's "1nference .to- the best explanation”.
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TOWARD A QUANTITATIVE ESTIMATE T .
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" INTERNAL VALIDITY
’“i'ﬁ . -‘.,1 Ap§1YseB of the conclusions about how the results of experigp'/

ments should be interpreted ire commonly conducted in terms of exter-

nal and internal validity The continued elahoratﬁon of”these.ideas
. - .

would, it seems, increase the adequacy of‘:hese analyses.- The

?ﬁ_ L present paper explores the naturf of the latter type of velidity

-t .| Vot '
_in an attempt to further refine this concept within educational research.

. This attempt Seems to involve (l) rendering “more precise our intui-

tions or our working notions about internsl validity, and (2) marking L

) the kizds of logical problems encsuntered in tryiLg to give such h
. . ' ) \& : .. o ., . “.,. . . . -' )-5
: sn acc\unt, . o ‘if | S
Jtudies are often ordered in terms of internal validity. One
. - ‘ R o
\_" study is judged as'possessing greater internal validity than another,

indicating that the concept is basically a quantitative notion.
The present paper attempts to develop a meﬁhod for the quantita-

tive estimation of internal validity. While-there are pitfalls-
. h N ’ J

involved in Spch an effort, it is hoped that the effort will stimu- '
late an&interpst iulﬁheCproblem by logic—minded educationists.-

- T The Problem'of Internal Validity

n
.

"To keep the discussion as . concrere as possible within the demands

. b . N

-

.of purpose, consider the notorious one .group pretest/post-test

- L ° design. Assuming that the pre- and post-resdings on the dependent P
- . . . .. . w ) - . R . ‘.\‘.

—
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"sound or warranted is the explanation of this’ difference by the-

'_Internal validity is a matter of ‘how well a particular

variable(s) reveal a statistically significant gain on the post-
scores, the question becomes" what produced this gain, or, how -~

can the observed change in the dependent variable best be explained?

One readily\available candidate, and one in which there will

' be great interest, is of course the independent variable(s), 1. e.,

’-the treatment(s) explains the obgerved difference.' Or more accurately,

the hypothesis asserting a relation between the independent variable

and the dependent variable can serve in the explanation of the

k4
-

_ observed-difference. There are, however, alternative explanatﬂons
‘of this gain. 'The weaker -the design of the. study the more alternatives: ‘

one can find. Intuitively, it seems that the more of these alter-

natives which are plausible, the lower the internal validity of the .

study. The questi//,of internal validity is taken to be. Did the

- -~ *

treatment make any difference .or have anyeffectupon the criterion R

variable? If a change in the criterion readings is observed, how A

‘research hypothesis’ If no change is obaerved,_then did the treat—

ment heve an effect which was masked by other extraneozs Eactors?

tdhce of

:data colleotion or generation can be.described and explained.

From these basic notions, it is seen that the property internal
7/

vélidigz is a property of the procedurea/used in the collection -
or generation of data on a particular occasion. Internal validity .

is a variable for the population of data gathering methods. Mbrel

over, it’ is not taken to be a categorical property for the logic—

e -
L
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in-use or at’ leaat the language-in-use refers to "the degree of intknr

nal validity"' thus it seems that a reasonable approach £o the e
L 4 ‘
concept of internal validity is to view it as a quantitative variable.

a

Internal validity.is,usually mentioned in the context of exper-

imental research., There is talk of the two kinds of experimental E
I

validity. It seems that one could properly speak of the inte;nal ]

-, validity of ex post facto studies.. One can in these cases ask,

"did the hypothesized independent variable cause the observed changes -
-in the dependent variable? Manipulation of the independent variable
4

allows one to know more about the independent variable than do most

ex post facto studies, but this amounts to one 8 having a higher L

' ~.

degree of confidence in the’ description of the variance of the
independent variable than most ex post facto studies allow. It
does not, howéwer, show that the question of internal validity,
which is a question of how data is to be interpreted, is not appro-

priate to céusal c;gparative work. It seems that the queetion of

internal validity is relevant to any . methods used to gather data
relevant to any hypothetical causal-relationship. - o S

II. Internal Validity Measure Function
The probls-.of internal validity is one of how well certain
particular events can be explained. As noted above,-there-will

be much interest at the conclusion of data collection in determining '

© how well the research hypothesis can explain the results obtained.

To test the ground for the’ treatment variable explanation, the follow- '

ing_procedure is suggested.

- : . o . .



" (2)
(3)

(4a)

" no changeicase and .will not be considered here though .

the foilpwing.applles to it as wellr)"If tha.aahump 1on .

.-
L]

‘Assume the data reporta are corract and that there was
. 4 ! . . Y . . . )

-

a change in the dependent varlable. . ((1b) would be. the

e T T

that .the data reporte are'correct cannot be made’ for
+ ’ ) K . ‘ . . > . C . . v 'I;/ .
whatever reason, then the question of internal validity

o

evaporates. There is no question of how to’explain

a single event if the. nature of that event is unknown -

1Y

. Assume that the treatment variable did not produce the

change in the dependent variable. ;

Ask: what produced change? Or, how can- thie change

A

be explained?

If upon careful. examination of the ressarch procedures

\ -

| no reasonable or plausible exp1anations can be gpund which

. are Aonsiatent with (la) and (2), then one: is forced by

rationality to reject -elther (la) or (2) ‘If the'truth'

of (la) is not established then this procedure y unnec-

essary. The rejection of (2) is the" acceptance of the

research hypothesea, 1.e., of the trea nt-variable

h’-explanation.. Thie concluaionhle epist 1 cally open

. to_(3) is possible.’ 'Conclusion'(éaﬁ is open in thjs sense.

‘and practically closed. It.is possible that one'may

- detect or cdnstruct an explanation of the results at somé

future time._ One cannot krnow for sure that fo. answer

. . ./‘ r -




e Co ! : . o
With respect to the practice of science, however, one

must vi'ew things difféfentl}.' In. aciance there is always

prstation of past findings producing new conc].uoions.

- x ' The scientist must, nevertheless, show the best conclu—-

'sions he cen on the basis.of the totel evideﬁce availab]_.e.

¢ .
| E
| A

R L ~ which are consistent with (ls) and (2), then the veracity

"of the treatment explanation is suspect. There exist ¢

. I - nal validity should be, a function of the : 'er an qnal—" '

SR .' o 1ty of these alternstiVs hyp}otheses. The greater the. .

iR

' In casés where no alterna e can be found, (4a), i1 ternal

validity should be highest, decreasing as the list o
| alternatives grows. - |
_ —Consider the following equation, where Vy 1is the internal valid-

- .

ity end N is tge number of alternstive hypotheses._ :

I . v, = 1 . . i
: o - 1 N+1 \ ST

“Ho

v AR

" This definition of 1nterna1 validity meets the frequirements of our -_'
/ b .
: intuitions.- It assigns 't_he internal ‘validity unity when there_are ”

.P" ) .. . . . \ : N .
. o S e ~ " .

.., the J)ossibility of some further data forcing the re:l.nter-}“‘r

(4b) If one could find explanations of the observed changes ‘\1._

‘. number ‘of such, the lower zhe degree of internal yalidity.v
iv
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e noaalterna ive h7potﬁeeea., As the I:mber of alternatives approdclies .

' infinity,o he function varue approe es zero. . , . .

Several conceptual questions now p;esent themaolves.' Itds . _.(

B [

-obviously critical how one cogpts alternative hypotheses. What‘ )

is requi@ed 18 a way of determining the logical iudependence of

[ the proposed’ alternetive.hypgtheses. Secondly. some may ‘question - .
lthe above function on the grounds that it treats all alternative |

hypotheses as equally well supported, but is 1t not the case that

'"certain alternetive hypotheses are more plausible then others?

: C o III. Independent Alternative Hypotheses | v -
o | ’ T
' Let S be the ‘set of non—refuted alternative hypotheses for a

R
given design. Assume that this j27 is practicelly complate or .

\

. ' closed (see above section) But Ahat dpes“it'mean to sayltnet.eny

given hypqthesis is refuted? I% of course s not intended to“suggest .
“that science is to produce absdlute knowledge. To be relevent a
‘hypothesis must. present an indipendent bariable which is linked
hypothetically to the dependent variables whose measures constitute
-“the data; the hypothesis must explain the data at hand. A refuted

hypothesis which explains the data is a hypothesis which is ru{ed .
\ . . . . .
out on one of three grounds: D

(1) Other well-accepted hypotheses contradict-this explanation.-'

LS

(2)\ This design used to produce these data rules out this’

PR .,explanation of the data. ,
' ! -

" (3) Our metaphysical assumptions render this explanstion

f;j“ "‘- K : : W "impossible . ’ - . ‘ ) :‘. :- ,:i: ;;,..




i

Q) When r;viowins the dnte, one will reeist ucing a hypotheliu A

o
- A e "

to oxﬁlain or interpret wvhat hnppened which contrediots other well- - °

\oupported reletionohipo. It is not that we never question that whieh _

~e

is "eetebliehpd" but only thet we will make such. chellonsee only Coae

after thave established the internal vul.dity of our deoixn. :'3~:
< . All research etudieg. ang-together as it were._ (2) One of the major ¢ -

. purposes of the creetion of a re arch desigﬁ is to rw:le out alter- |

results.‘ We plan ahpad
- \\J___‘_//’ -
regard to being able to draw defensible concluaione. (3)'One could

»® . -

o netive efter-the—fact eccounts of o

construct alternative hypotheses as to why the experimental ngup
did better then the control group, by referring to entities euch Y

8 demons-—there are invisible demons ‘who ‘iike program-learning and' ok

.~ who always confuse people who do not use t is nethod, like our:
control group yho was not taught by the program method¢ Such explend . o

b} [

) atiOns-ere too farfetched. but to reelize that scientific inquiries .;\

»do operate out of a baaic metaphysical frénework, or "blueprint" ';

l

- - ag Maxwell calls it, is a very important part of our conceptioi of

the nature of science. See Maxwell (1974) : ' ; f'; s A

. ) ‘_ A "Given that ve have identified the set S (all non-refuted alter-’ .
<. _— : 5 - . : ' ‘
S0 netive hypotheses), we encounter the quedtiou of the uniquenese of .

this set.\\Can this list be given in such a fashion that when it is

<vounted a stable number can be obtained? or stated'differently, g"L
" 1s the membership of &Mqudy describable? What we ‘Tequite is e

a\method‘of/yriting.asbasic 1+st of the menhere,of.g. ' '}\ ‘i I

-

L . . - . . .
~ .- - - .




ﬂ,wu want. a- 1ist of disgrete, non-ovsrlsppins independent variables

will entail another.

. does: resolve tbe.first problem°' how to determine the 1ogica1 |

_variables are going to.be mb’i_:e plausible than others. In s

Esch mumber of S will have the same dependent verieﬁlh(e),

) [}

thus, what we are ectuelly ‘asking for is a 1ist of slternetive inde-

L)

pendent z,risbles-—elternstives to the treatment vsrisble(s),t. .

L
which have dot beenyruled out. Just as’ we require the independent

and depqndent vsrisbles of any hypothesis to be independently defin- o

able-—if they are not, the bypothesis beeqmes true (sr fslss) or psr@

i
tially true (or fslse) by definition-we require that the independent

.-varisbles of the members of S also M independently definable. t.

In.other words, the definiens.of each independent vsrisble(s) of

_ the membets of § must: be mutusliy distinct. This~gusrantees that

»Iwe are dealing with discrete altern&tives.; MOreover, it rules out

'the possibility thst one independent verisble ofrthe members of S ,l

:e independggl vsrisbles associsted with S

will thus be logicsily asic or atbmic, as it were. \

This sppesl to 1 icslly discrete definiens, brief as it is, -

indepenqtnbe o% the el nts. of the set of alternstive hypotheses'

to the reseatch hypoth sis.
; IV.{ Plausib 1lity of AlternatiVe Hypotheses
,Ihe second probl mentioned.;borezﬁ/; in effect a.rejectjon‘ofl
our definition Vvi"." That fnnction t{/:ts all sltetnative hypotheses

; 4 - ' . ) / o
as if they wete equally meritorious; but_sone 'alternative Z(:ependent .
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* s ixpctimnttl litunt:ian-. testing will be a bettar bet than maturs- ; o

t:!.on, yot t:hin um to bn 13norad by the l:l.nplc-nindcd !uncl::l.on g:l.vcn : [

. . v
) . . . ” 3}

o ’ ) ’ ‘ ‘bov‘o B ‘ — ) ' N . o ' : b [ "y
N N ‘ \ * “
' I It woui:cHn an :merovcmant: to rsnk altomti& hypol:huu or .,

‘. . Vi .
P

1nd.pond¢nt: variablu includins the t:rntmnt: variable (;) in t:h:i.l

list nt: tho gppropriatc rank. Thia ,liat \n.ll havc N+ 1 Mblrl

T since N i the number of alternativc hypotheail wit:h respect td
- ) i ". ¢ ]
6 - k. Assign ehe we:l.ght: of § + 1 to t:he*ﬁirat: mmber of the 110:., ol
- : RN v o
. g + 1) - 1.to the second, and 8o forth. Sum tha woights. Intcrnal ]
‘ . e , " '
SR Vﬂlidi‘t}' can be defined as follows: [ “ o . :
U . | v mHelghtof e .. - ' o
\ B Sum of weights . . 7
) ' ) : . - S ' : f
| ' Five sifuations are presented below, | together with their geners, . *
t / b J
. - -ated interfal validity measures,;for 4llustrative purposes’
] "
A o . o
: + , Case 1 ‘2 3 4 5 .
a’ . 3 o ‘- : -
] Ce " Rankings .| £ "~ t .t ° A} lfl.u .
) ‘ . p‘ * , ..
e - - 3 A.l" OA]_ .t _Az \
- . i - ¢ : .
> . Az .'A . £ .
- a * L i - _ SR /2 -
Shae et L Ve 1 -2/3 .1/2 1/3 1/6
. - ‘.‘- . ¢ 1—- ‘ \f . - B N f‘& '. R
L ' - | .
W ‘ This function or obtainipg #alues for- Vi fmtails the fact that .
b o Vi can never fall within the open interval (1, 2/3) If one w. ted [ .
S A values higher than 2/3‘ but’ less_rhan unity, one would Hﬁ%’e o . . v
,? : . ',\: - L — . B B Co v
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move away from rank ordering and into some type of interval scale.
..’_._'..‘ : g !

- This, of course, would further strain our notions of plausibility

with regard ‘to alternative hypotheses, it would Be more difficult '%"

/
L/

‘to. make the required weighting assignments. 5 v '_
yZ -On the positive side, I think that thls method, elemenrary as
it is, would help us gain a sense of relative sugnificance when - .

‘we are trying to summarize several research studies on a given topic.- ’

’

Probably many. people have a sense of this anyway-but one of the
e ~ functions of logic is to explicate our intuitions.

. ;_. . . V."Inductive.Issues ' .

" The classical or Neyman—Pearson statistical theory does not, of .

T .course,. assign probabilities to hypotheses. -Thus, some might wonder.
whether the proposal offered here is aesthetically compatible with .

o

s

this‘theory. Vi should not be feen as a probability, rather it is N

.

'a Weight of t aga_nst its alternatives.'_This'kind of weighting

.

is indigenous to classical Atatistics. ' . -

-

Both\actual practice and the proposal of this paper fall |

,f a C nicely into Harman 8 view of induction as "inference to the best

1

:planationV-(1965) . ol ' M;p . R h“ o f-ﬁ" {

< . Im making this’ inference one infers, from the fact that' oW
N a certain hypothesis. would explain the evidence, to the =
\ ' truth of that hypothesis. \In general, ‘there will be
f\ ‘several: hypotheses which might explain the evidence," : o
. 8o one must be able to reject all such alternative hypoth-. S
\esis before one is warranted in making the inference. e
us, ‘one infers, ‘from the premise that a given hypdthesis

L W ' provide a "better" explanation for the evidence than
g ‘_would\ y other hypothesis, to the conclusion that the T y
o given hypothesis is true (p. 89). - ) T yas

,’. S ¢

/

v




X relates .to an issue in the logic of science. Some philosophers

| N R . < T

I think that it 1is evident that Harman s inference to the best °

explanation is precisely the kind of inference at" issue in the

/ \ -

questions of internal validity. Moreover,.we are considering the

/

cases where we cannot "rejecﬁ all such ‘alternative hypotheses.

Before we go to the public with claims of efficacy we . will ‘want

-

I ey

to—be able to reject all alternatives, but as we talk to each other |

we r ”uire some- way of estimating the relative merits of a_ternative

///ways of viewing what happened in various studies. The ac count of

estimating internal validity developed in. this paper is proposed

! ]

.as such a way..

-

Finally, there is an interesting aspect of Harman’s notion asﬁ

J . . .

believe that Harman s view is circular in that induction to the best

:explanation presupposes a way of determining "best" which is itself

an inductive process. However, I will risk the following claim‘ R ﬁ/'\
while inferenee to the best explanation is shaky as a method .of
'producing general scientific knowledge, it is” both the method-‘.- ~ i

|
in-use for determining internal validity and is a sound move for .

'so doing when viewed logically.. W hin the confines of a single o ',

LR

‘experiment, 1.e., where there is no ‘concern. for generalizability, e

T
the only rationaily defensible way of inferring what happened'

1s the method escribed by Harman. . '.' _ .ff : e i

>
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