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sIntroductori Statement

- ‘ :,,\;\,‘ ) - : . /
/ /

.The Center. for roial Organization of Schools has -two primary‘/**

lobjectivcs to develop a scientific knowledge of how schools af fec*
. their students, and to use this knowledge to devclop better school

. . / /
practices and organization. P - ////
R ’ S ~ e

“s The Center works through three/programs to achieve its obJectives.,

The Schools and Maturity program 18 siu ying the effects of school,

- - -

e School Organization program is///'

-control structures,rtask structures,

/77

reward systems, and peer 8z oup pxocesses in schools. The Careers/
e - 7S

Aprogram (formerly Careers and rricula) bases‘its work upon é/theory

a

of career development.
guidance device and - -a

development and to for

school, college an 'aduld populations. 7 /j

This report, reparéd by the -School Oréanization program, examines
S T : i o x . "/
S meth6ds of assessing t effectiveness of schools and educational

programs in prom ting educational growth of students.

’
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ST T Artificial data were used to assess the correlation between ) . -
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- -several estimates of average student change in various schools and I
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ey - the "true" impac* of those schools. Results indicate fhat all ’ : : -
o ii - estimates involving pretest-posttest differences measure school ) - L

=

S ;:L:._——W -
. - impact with reasonable accuracy. It is 1mportant to measure change ) ] ’ o

. -
LR ~——1 .

- i over the entire course of learning, however, ‘and not Just over the

’

later stages of learning//,zhé correlations between change scores and - /L :

ca other school characteristics reflect with reasonable accuracy the e
77‘ relationships between those characteristics and impact, but will be 'frrf - ' f;
R large only when the underlying relationships are. substantial. ' ] ' *;f, : );f}

~4*%§imple ga1n scores measure the true situation about @s accurately as S

- - - . - - -

-

other change estimates, are’ easier to compute, and/probably are more o C=

= e

’meaningful'to non-researchers. e o ,1', o T
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- : Introduction ) . o C T
. - . ) - - ;
-/

- . ) A basic purpose of education is to promote - desirable*change or M &

S PSS

- 'ffTAf “growth in the educational attainment of studento. 1t foliows that

.y -

e *rfff'schools or other educational programs should be evaluated largely on '_ AR

heir effectiveness in promoting such change. There are- many theoretical idi 77777 R

- DU - N

—*ﬁ—eﬂxwlz—“"“’“problems in estimating student change from seores on, standard tests of

S ” -

o educatio al attainment however, and theSe problems are heightened in .-

— - . . . RS

the typica sit tiOn where the students entering various schools diffet ‘A o

- . e Y
2 systematically (Astin and Panos, 197l Cronbach and Furby, l970 Hatris,
l963 Herriott and Muse, 19733 Klittgard and Hall 1973, o Connor, 1972) o

T R It has been difficult to assess the - practical importance of these ?’— ;T

R theoretical-problems—because_true change scores are unknown in most o

. o P ,5.- . I z : ,:,,:7,4 ;::‘

:iir;’ L longitudinal research Recently, a computer ptocedure was developed to o e T

- I . -
- -8 , -t P

provide artificial data in which these true change scores are known

i1,(Richards, Karweit, and Prevatt, in press) When such artificial data

- - ~ .

= S ,}'wtrc used to compare several statistical.techniques for assessing change

- - [N

;& - 7,; 7in indivrdual students (Rxchards, 1974), the results indicated tpat L 7? .

- :7'7 individual change Tis measured with reasonablefaccu;acy by all teshniques j - ,f?{

- f, - Lt e

that involve the d‘fference between the pretest and the posttest. ‘In -

e T -

particular, the simple difference between ‘the pretest and the - oosttest ':_—37? '5'—;_

- o . . ’
— B — v <
R

S f— is about as. accurate as other change estimates, such as regressed gain R ¥
, A

- scores, and. is’ much easier to comnpte than other estimates. These trends

\ . -
y = - - -

hold even when students are assigned nonrandomly to schools that differ

[
- = - R T’

ﬁ‘in théiriimpact,on,Students, L
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e ,:.,.< .. These results strongly suggest that the theoretical problems —of: *
S s ‘ '
A T change measures have limited practical significance for measuring .
N Lo ndividua1 growth and it is important to determine whether this 1is also

. the case for measuring school impact. Accordingly, in this study artifi-ri

. . ciaJ data were used’ to assess the correlation between several estimates -

- : ,"' of average student change in various schools and the "true" impact of

e

the.same schools. This study is. stated in the. sohtext of education, but

- [ i

= . &
- the procedures for generating data -and measuring change are abstract.

B - - o

> T Therefore, the results should generalize to many situations where one ’

. e —

. . .
P A v
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: Simulation Procedure., Because it seems desirable for artificial

%;i 17 - data to resemole real data as. closely as” possible, the computer procedure

-

* =

. L of the ETS Growth Study (Hilton, Beaton, and’ Bower, 1971) and of the

7,; Project TAIENT study of high schools in the United States (?lanagan,

T e T . - ~ e -

:?_" — :',h1,,E£ al.,,l962 . In ‘the Els Growth Study;’studentsAwere_assess:d_initially

;;%4 E with‘a mea;ure academic potential (SCAT) and a measure of educational

;5; A attainment (STEP) Subject to “the usual attrition in longitudinal )

: J I research the educatii al attainmentgof these students was reassessed

S }7 ijrfon three subsequent occa 'ons. Pro;ect 4ALENT provided intercorrelations ; . fl

e - ) - . o @ - - 7 - \\




B N T The‘computer procedure generates scores for individual_students g

-

that strive to, repxoduce thé meansJ standard deviations, and intercor- '
° i ___,.‘__-—.c-—“—"—" AR _
,b__r_. — - - .

oo - -xelations~obtai n the ETS’Growth Study. The student s score on - (L

i

“academic potentia1 is generated first and used to derive that student's"

~ ~

C -

score -on initial academic attainment.- Thernt gain scores are generated

aoe - .

T R Lo

B ‘j‘, and added _to yield subsequent attainment scores. True srandard scores § -
. . [

:7ﬁ“ o ) are generated initially, then the appropriate amount of random error is

added to each score and the scores are transformed to the metric of the ‘

;7 - _ -- /’Th

o ] ETS Growth Study observed scores.g

LA

is simulation procedure closely

_ K ; . ) i .

.

o . 'A, The simulation procedure permits the investigator to assign students 741 :

STl - regroduces the ETS Growth Study resﬁifs (Richards, 1974) i 1i}ﬂ,,"7 \'f
i

to schools either randomly or nonranéomly. when tudents are ass1gned

Tex .

- - - .
- e - hd

nonrandomly, the program strives to reproduce the average correlation

- ;,

- 'between community per capita income and average academic potential of B
B - J e i

students estimated*from‘Projecffﬁﬁﬁﬁﬁi results (f’- .54) The ratio

.0 of be*ween schools variance to total variance also Simulates the Progect

e TAIENT{ratio. 7 , - ) C - ’ h A

I
. e

I
The Simularion procedure assumes that community per capita income

- -~

L - - determines school resources, and that school resources in turn determine o

T .
- — & .~ K P a

school impact. A review of ProJect TALENT results suggested an average

. /
- -

_ ,'Vcorrelation of approximately .25 between community income and those

> only assumed to facilitate student growth sq the
2T T SR T e e

simulation procedure strives to reproduce this re ationship between

- ; C 4"incOme and resources. Community- income is drawn randomly from a normal -

T - ” v . M“’ - - .
_ i R 2. MPPIESSS e _ H ] . )

T= -

: N - ]




[P, . v s n

' .
R . * 4 .

-~ -~ _-* 7 distribution, and it is assumed - that school resources and school impact

—palso*areﬁnormally distributed.l . - o P . ' : I

P

et o . There is little empiricalmbasis for estimatiﬁg either the correla~"" .

J A ——

Jgtion between resources and. fn paot orlthe ‘extentto" ’bich “schools vary .

- . .
s " Ut
s - - s por

P

e

,—*‘if’;fA"Arfnyimpact. Therefore, the simulation procedure allows the investigator

. .-
. e

SR ito spécify both the correlation between resources and impact and the

': standard deV1ati0n of the 1mpact var1able. This standard deviation is h:_ i .

i N Tt z
. = _ - .

ispecified,in the form of a number between,O and l;/ When the standardf

deviation is .10, the average growth values used in generating scores

,\

are equal to. the average growth scores obtained in the ETS study for a. J,.«_“

- — f

?7’—: S school w1th average impact and are lOA higher than the ETS averages for ‘ ";i

E - - X -

a school one standard deviati0n above the mean ‘on impact. (The s1Lulated

e data appear to. meet- the assumptions for this manipulation even if the - 77'53

ETS data do’ not) R I - R

Ga1n scores for individuals are generated according to the following /’ - ffi
e . . _ ‘ . : - , P ~ 2 ‘_ _

=€ - " - - - E -
N = ]

.o principle’ "L . - e i . /.

Nl T - o R S
SO I O

e e TN

-

,\ . I o ’f”‘i - o

,.i\-—} - '"frfwhere G is - total (true) grcwth G is average (or mean) growth (i. e.:

B ’ ] - / -
R ST the parameter estimated from the ERS data) and Gd is a dev1ation from -

av——

S ) N ’this average thd epresents 1n-1vidua1 differences in true growth / The

. total gain score is added to the pretest score to yield the posttest g

» t

score, and the posttest score.- then becomes the pretest .for the next e

.
P - - / - v B Y

2 et

growth interval. For each giowth interval the pretest is one of the

-

elements entering a multiple regression formula used ‘to generate the ) .




7 ~Af~~"r""fequal‘to the obtained average true growth scores for a given school.;: ;,h

- . L ] i

Gd values. The correlations between pretest and growth become increasingly

ncgative “for’ successive intervals. (Richards, l974)ﬂfﬁiﬁuf,4u~ 42*@”“’

A_F_______,_:_u—-

e

e

\ A’J‘,_._v‘_‘

s_l":f~£¥~'9*’“*’1n geherating scores, the mean growth parameters for the three

~ —_—— -
"~ . —

- 7. intervals are adJusted for school impact, and no other changes are: made.

R -,

Consequently, the adjusted mean growth parameters,frequentlydwill ‘riot be}

e T

[ B

5

e
* r

—AA school with above averageﬁimpact will have higher than average*mean T

,growth parameter and there Pre higher than average true posttest scores.-

- —‘ilearning interva s, and these higher pretest scores make an ﬁncieasingly

e -

——negative contrib tion in the computation of subsequent true growth scores. y

- ;j3§ The averages of the obtained true growth scores for that School will tend

"T{ 0 be lower than the adJusted mean growth parameters. Silearly, the'

= x

1,irrraverages of the obtained true growth scores will tend to bethigher thanf"’r

the adjusted mean growth parameters for a school with below average impact. -

<
Do Lo B S A

T

Table l presents a simplified 1llustration of these trends'for five TﬁL'

hypothetical schools that are average in every respect except for differing‘.
, .:/. ot
ST ,Jin-impact. Because other parameters besides pretest score are involved -

/,' . ; . - *'*?‘ % Af B % -
2 - . - 1' , -
"Insert Table 1 ‘About Heéxeé ] - R

7 : . . 5
‘_inageneratingiscores—(Rxchards‘”197’., it is conceivableethatea schooI"r

with below average impact (and therefore below aVerage adjusted mean

\
growth parameters) will have highér average obtainedltrue growth scores

pact. This is especially true when

" studentg are assigned to’schools nonrandomly. T Y




\]

) oy M T

- = ' ‘ e T
—_— Data Sets.JWSix-indepe”aent”EEEsﬁof simulated data wvere generated - »
e . ":;;_L,- .

S « for the present study. In each set studentswwereeassigned.to 100~ zchools .-

i T 2.

e S ¢

-

e T or treatments. The number of students per schoo] varied randomly w1th .

. R \' - T R
K L mean = 150 andfstandard deviation = 15. Therefore, the tota1 number of

. - -~ o — R ‘\'.
. ' students in each of these sex sets’ was epproximately 15, 000. S

'X_lf ' In three ‘of these sets students were assigned randgmly to schools "',, -

. . N > T -

= - — - " e

ow - or treatments, ‘nd in the other three sets students—were—assigned
i —.g- .—A—-—“’_‘-

— — p— = N

nonrandomly. U der each—type s of . assignment, simulated data wdre generated

R

i for three differint assumptions about the relationship between seéhool - ;. =
- 1 N - B ot
001 impact. Specifically, it was assumed that school RN

Ny S - :

C esources account for SA,, 20%," or 80% of tr variance in school impact 7 . ]

resources and sc

‘A

I ,":" - F

”(corresponding to orrelations of 2236, 4472, or .8944) 7 f e

. ' - 7:,.,

— A = '%4

o l was\set at .10. \At approximately this magnitude two simulated schools ,,;— -

e ,77 i{ one standard deviation apart on impact (w th N's = 150) wi11 differ,at
oL ) B - _____._——-—"‘_“-‘-Y’-F = . - -
e the 05 level whenecompared with—resp66€—fo_Educational growth between — T

»

ST ”3 ’successive—occasions. \;Z - T T '

o =

I

— - - . e =

Chang_»Measures. rk wide variety of change measures have been proposed {;

- 2

(Cronbach and Furby, 1970), but recent results suggest that most of these

§ . By _ L ,’/V,._-p-n—

2177{ . B ~measures yield essentiall& eouivalent_results—fktchar 8, 974)ﬁwgéccoggggw;;,,ﬁif_éée

SR

1ng1y, this study~used only four measures.of change, each representing

Dot 1 ) e l.' Posttest score.
;ii L 2.’ Posttest score adjusved for initial academic potential. Thisl B

change estimate As th difference between posttest score and ,

I “ N . . 4




- r‘*—-y..e-h

ipredicted posttest score, using initial academic potential as -

the predictor. (The prediction equation for each data set was - et

v =
“based on the observed relationsh*ps in that aet f/lhus, “this

~

technique resembles analysis of covariarice with academic poten-

M - .t
s 7

tial treated as’ the\;ovariate. ':; ) . -;T*Vi‘ b
Raw gain. This,chan score is the simple difference between

pretest score and posttest score\ S ' / ~
LN

4.\‘Raw residual gain. This estimate is the difference be een—*v~*'““’””"J;p

e A

\“ e L
ﬁosttebt score and predicﬁed posttest score, using preje st

scgre as”the predicto;///‘_

1Results%”

‘To facilitate comparison with the earlier study of individual change 7

“.'

estimates (Richards, l°74) the first step in the data analysis was to e

it |

between average estimated change ‘scores for- .

-

,compute the correlations

_ various schools and average tr e change scores for the same schools. An
- . ‘, / o
unresolved question is whether it\is becter\\o compute change ‘scores for’ -

L% - e

individual students and then_avera within schools BE”ES'Zamg te change PR
—.-"-"'-—'——-.”: - o

PR

RS

scores fromaschool'means (Dyer, Linn, and Patton, 1969), 80 both procedures

%

,were used to estimate change in this analysis. ‘Table 2 summarizes the——‘

. repults.” - 7 “

e -------..'..:----------..;....-..

Insert Table 2 About Here

P T

These results seem. quite consistent.with the resunts of the eara.iera

-

-study of individual changerestimatesx(Richards, 1974). Change is estimatcd




most acturately by tEchniques that involve the ditterence between the

pretest and the posttest, and these techniques seem equally accurate

/ * <
Y R, .
(i.es raw gain is just as accurate as residual gain) For the most . -

.

-

> : part, there is little difference between change estimates based on

- individual students and chqnge estimates based on school means. In a,

¥

few cases estimates based on school means have a clear advantage and - s

\
- these estimates are ‘also easier to compute, so subsequent/ahalyses in
. ‘ . y

/ ~,

N

this paperxinvolve only eatimates based on school means., .
N Y o

T . ) The next analysis evaluated/the accuracy of these change estimates
.. as measures of School impact. Table 3 .summarizes the correlations between
~. ) impact andcyarioushchange esti tes. For-comparative purposes; this

. tY A
- . table al é}summarizes the correlations between impact and ‘average true

R o growth scores.

L cememmnmmemmalemeandaaaaa
R "\\ - ) ‘ "Insert Table 3 About Here

= N - -
- Ty s P o S S e - N *

: \\ o 7 e . . . .. ' .
. ~ \ " .A - - L R ., I - - ; - ~ ‘~ ‘r,
L - These results indicate that change estimates can be quite effective o
B s

‘in rank ordering schonls with respect to their impact even when students
i; ' L " . are ass'~\ed\to\s:hoolsAnonrandomly. The simple gain scores again were . o

just‘as accurate® ii‘the residuaf>gain scores and, as Cronbach and Furb" .
- \'\ R A -
; (1970) ,point out. posttest\\fore measures impact adequately when students . I
o - . 7 — : - v

ar57assigned to treatments randomlys

) : L ) The results also indflate that it is important-.to measure change -

'\; | ,overlan appropriate interval. Adjustedpotttest'scores,.simple\gain;\

- e
- v 4

scores,iand regressed gain scores all rank ordered schools accurately

I A AN, B . T
" -




when they involved change from initial status, but none of the measures

were particularly effective in. rank ordering schools when they involved

growth in the' later stages of the‘learning process. This ineffectivej

{ -

- . Fos -
ness reflected the true situation, because it is also characteéristic

of the true growth scores. The ETS data resemble other longitudinal or
1 c
learning data in. a number of respects (Richards, 1974), so these findings

about when to measure change should have considerable generalizability._ ‘_ '-;V
o T.
The final question examined in\this study involves the relationships oo

\'
prd

among these change Mkasures and the school characteristics that cause /”’

—

-variations in impact. Such results are more typical of what~would be - }/ ;‘

obtained in a‘"real" longitudinal study. Table 4 suﬁmarizes the relevant thi.
_correlations between reiources and change.' Themagnitu(es of these S

h correlations clearly follow the underlying relationship between resources ¢ -

and impact, but are somewhat lower. The smaller magnitude of these ;7
E R LN A @ ) - M
. - - "Insert Table 4 About Here ‘ ’

< o ooy e 0 4B 0 ot 54 58 T8 @ 56 4B o T8 €0 00 T8 €8 9N 0 4m @5 08 0 - : . v ~

. correlations p rhaps is partlirthe.consequence of uanliabilit& of the -

R ,
change score7 but also appears to reflect the imperfect correspondence . X -
between school impact and aVerage true change. The results again indicate S

»

«that raw gain is about ‘as accurate as any other change estimate, reempha-

size the importance of measuring change’ over an appﬂopriate interval, S .

and suggest that the correlation between a school characteristic and

school impact must be .reasonably substantial before gnx change score/

S will reveal the relationship. o St . S ./}/




Discussion

Theoretical treatments of the issues considered‘in this paper have

.

emphasized the theoretical difficulties of us1ng change scores in general

A

and of usfhg simple gain scores in particular. The results of this study,

like those -of the earlier study of individual change (Richards, 1974),

!

suggest that the practical importance of these theoretical difficulcles : H”//<~

may have been exaggerated It appears that change estimates over,an”/’fi

k)

appropriate interval (e.g., the entire course o’,learning, not just the:t\‘

et '

Coee - later stages) do measurefschool impact with reasonable accuracy. The

B

P - .

\

correlations between change scores and other school charicteristics

-+
. "

v ¥ reflect with reasonable accuracy the re1ationships between’ the same char-\

- N \“
.
]

. L)
- acterist1cs and school 1.mpact but consequently will be large “(or '“{;@/ni-

. ) f1cant") only when the underlying relationship is fairly substantia .

N

These conclusions appear relatively unaffected by random Vs, nonrandom

.

assignment of. students (although this finding could change for more severe \\\\

-m« - -

n0nrandomness), or by- whether change ‘measures involve 1ndiv1dual scores, A ) -

L

1
or. school means.

. . )
Insensitivity ‘to weak relationships almost certainly is character- L

“a .

.

oo 1st1c not Just of change scores, but of all statistical—procedures that
- - 7

might be applied to these data \and simp1e gain scores appear to reflect

s the trueisituation about as accurately as’ any other estimate of change

or impact. Simple gain scores also are easier to compu“e ‘than most other
- ’ - -

e - estimates and probably are more meaningful to non-researchers. Therefore,

) the,results of this study suggest that it often may be quite appropriate T

2 ¢ ‘

ot It should be.emphasized that these conclusions apply to true longitudinal
designs and this study should not be used to justify such procedures as’
: .measuring impact by educational attainment. adjusted for a test of academic

potential administered at the same time. : . )
E 4

10 A7 - PR T B




_.——to compére educational programs on the basis of simple pretést-posttest /

/- ~ . . .o,
7 R H

differences. ¢

o ] ' The, discrepancy between this study and earlier theoretical treat-

o

ments may perhaps best be resolved in terms oEKZegree of concern about
- ) . "Type 1" errors. That 1s, thcoretical treatments usua11y seem to assume.
that educational treatments do not differ on impact and emphasize the

1

possibility=that use of change scores, particularly simple ggin scores,

'w111 lead to the false conclusion- that they do. differ. Certain1y this

m\

B . possibility cannct be ignored, especia11y whethhe\sEEHEnts assigned

ivarious treatments differ considerably (Astin and Panos, 1971 Cronbach

\

o . Vand Furby, 1Q70), and cer ainly it is possib1e to propose hypothetical

situations where change scores could be mi%leadin or confusing, especiallr

!

. if one has-a taste forvparadoxes (Lord, 1967). This study, on the other A
hand, assumedvthat schqols do differ on impact hnd asked how accurateiy

'change.scores describe these differences. The/answer to this question -

-
RN '
ki

: _ appears much more favorab1e to change scores. Indeed, the resu1ts
suggest thar\when one  uses change scoressove .an inappropriate intervalf»r
- in a correlational study there may be a gre\fer danger offthe false ~ / )
conclusion that schools do not differ with fespect to impact than of the' \
4é ‘yA_false conc1usion that schools do differ. "“‘ o ’ '. hE _ L;:,){
) o - Cronbach and FUrby (1970) correct1y point out that some of the. ) E

/ @
questions to which change scores might be apoIied could be ansyered moLe ) -

'directly with such techniques as partia1 correlation. The advantages of
. such techniques are that they are more direct than change scores, howr ver,

7'not that they are more accurate, nor that they require less statistical

4

. u s




' . . .o

L sophistication. The results of this study lend support to theainvestigator

* - 77 who prefers to use change scores for reasons of convenience or ease of “

i
N

understanding. : . ’ \

Finally, the results of this study again illustrate the‘usefulness'

of simulation techniqueo for investigations of longitudinal me thodology.
A * &

t would be 1mpossib1e to 1nvestigate the questions considered in this

. study with "real" longitudinal data because the investigator would have

- no way of knowing either the true 1ndividual growth scores or- tne true L

: school impact scores. At best one could compute the intercorrelations

2

iﬁ . R "1among different estimates of change (Dyer, e l., 1969). With simulated o

data it was easy to compute the correlations between true scores and the

- .

R

'different estimated scores., it would also be easy .to extend the simulatione )

.- B L

- procedures to the situation where considerable attrition orﬁsubjects occurs,
. . e . .
Lo to the situation where one has only pseudo-longitudinal data (e.g., t

. P

PO

s -

‘S AJE - .gcores for 0ccasions 1 ‘nd 2 obtained from diffeient groups of students :,}

f - -i:—: " in the same school), or to different models for growth. Thus, simulation
/' M -
i techniques offer considerable promise for refrning our knowledge about B

s o ,when vagious-procedures for analyzing longitudinal data are appropriate.

-~ N
. . R N . -
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