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) ! To e11 inate maturatioﬁ as a factor inm ‘the

pretest- posttest de51gn,

pretest ‘scores can be converted to

anticipate posttest scores using grade

'standar dized tests.

This conversion,

_equlvalent sccres from

"kncwn as historical regressiop,

assumes that- without specific 1ntepvent10n,

grouth will ccntinue at

the rate (grade .equivalents per year. of schocling) oktained at the
time of pretest. Data\WEng taken fros regcrts cf 213 Title I
compensa tory educatlon progranms 1w»ﬂew York State tc examine the
predlctive ability of the historical" regre551on wodel. The approach
.was to: (1) express historical regressicn in algebraic terms; (2)
produce a linear model with assigned weights frcm the algehralc \
formula; (3) produce a least squares histcrical regressicr model
whose weights best fit the data; (4) ccmpare the historical
regre551on model with the least squares model; and. (5) develop ‘an
alternative model._Hhen ‘compared with program—level data, historical
‘regression underestimated final achievemernt for ‘chort programs with
older children. It overestimated fbr youngtr children in long !
programs. An alternative method was develeped which eliminated the

bias, removed ‘half of ‘the errof, and. eliminated much computaticn
‘since .an expected achievement level fcr;pach child was nct required.
(Adthor/CP) , L/ _ %
\’ » . : . , \ * -

14 « t ! ™

l\ N
- - ' L By
. \ -
L C , «

' / . ‘ .
N R KR K R R R R RO R R ROk K ok R R R ok

* Reproductlons supplied by EDRS are the best that can be made CoE

* : from the original dccument. *
#***#####*#############*#t############4###*#*#k##*###**##*##**##*##**##

[Kc

wll Toxt Provided by ERIC




’

' LI \ - ' St b *- . .
a\d e i - - “ ‘ “PERMISSION TO REPROOUCE -THIS -
. o5 "1:0”"‘:,"3‘::;,2:::::!% N o - MATERIAL HAS, BEEN GRANTED BY .
NN -:}) ““NATIONAL INSTITUTE OF . - . ‘5 o .
0 L - BOVEATION ¢ « ‘ . _;,_A..T)\omas L H:CK .
o ' YNIS. OOCUMENT HAS, BEEN REPRO- - - . ) v ot L
' DUCEO EXACTLY AS RECEIVED FROM ) B . ,
O - . THE PERSON OR ORGAKIZATION ORIGIN- ., e L T
' A RO N O iy REPRE. ' : . “ 70 THE EDUCATIONAL LRESOURCES
i SENT OF FICIAL NATIONAL INSTITUTE oF " oLt i INEORMATION CENTER (ERIC) AND -
2 zoucunow POSITION OR POLICY , R O 7 USERS OF THE ERICSYSTEM." .
(- | k . p}; - . T
wd . S . Ry ] ,&) : . . s
. ¢ L . p N ' - Q < R - . oo : .
| ~ - o | W - . ; < ‘
: : , AN ANALYSIS OF THE HISTORICAL REGRESSION ; l
. - R ~ ' - . METHOD OF ‘PREDICTING POSTTE;ST K :
' . ol i > GRADE EQUIVALENTS FOR o L
o S CATEGORICALLY-AIDED PROGRAMS .
4 Y - : R .
- o, » . . ) .
o 4;‘ o - . . : 9
v .. ’ “
- - ' # ~ ’
! + i .% \ -3 - ‘(.‘.’#(y’ -‘%
/ . . i X
' »
f .
RN
! : =’ ¢ s 4
- s ) .-
o . t ° ~
Thomas “L. Hick . - .
. Assistant in Education Research- ] T
N David J. Irvine ' .
Coordinanor - ~ ) » - -
Prekinde;garten EvaluatLoﬁ Unit O
New York State Education Dgpartment .
N D Albany, New York 12234 i
N A . P @
; ® 1} A
z - 4
) ¢ v f
. 3 i
IS
. . !, o &
v !/ /,’ \\A "
, S o
ﬂ « 0 3 ¢ ’ ¥
-_ ' B )
"""f) : ) _
"g?io ) : ’ ‘A paper prepared for presengation™ s
. at the Anpual Meeting of the o ”

American Educational Research Association,
Toronto, Canada, March 27- -31, 1978,

C:D _ ' Printed in U.S. A. : Az




v

Abstract

s

An Analyaia of the Historical Regression Method of Predicting Posttest
-, Grade Equivalontu for Catogorically-Aided Progrnmn
THOMAS L. HICK and DAVID J. IRVINE

New York State Education Department

i

% Hiatorical Regreasion followa directly from the aaaumption that ,

P

without SpeCifiC intervention, growth will c¢;finue~at the rate Qgrade
.. J
¢ . equivalgpta per year of schooling) obtained atdthe time of the pretest.
when compared with program-level data (n =-213) it was found that - s

Hiatorical Regresaion undereatimated final achievement for short

programa with older children. It overeatimaﬁed for younger childrgn

in long programs. An alternative method wa% develOped which eliminated
" the bias,\removed half of the error, and eliminated much computation since
an expected achievement level for each child was not required.
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An Analysis: of - the Historical Regression T ‘L. Hick
‘Method of Rredicting Posttest Grade Prekindergarten Evaluation Unit
Equivalents for Categorically-Aided : 4 State Education Department
Programs “ . 5 oL Room '562 EBA L.
H - . Albany,iNew York 12234
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o To eliminate maturation as a factor in the’ prqtest posttest design
. at least one State '(New. York) recommendsfa conversion of the pretest-’ to
- anti pate posttest scores When data are .in grade equivalents from
'stangardized tests. This conversion 1is known as Histor cal Regrepsion,
- f' ‘and follows directiy from the assumption that, without specific .inter~

venti6n, growth will continue at the rate (grade equivalents per year of
schooling) obtained at the time of pretest. ‘

! \. q, N 5 ‘ \ ' -
; ;;, The District Evaluator 8 Handbook describes @%g procedure for
' obtaining- anticipated scores, by the following steps. w :
g 5 : L
4 oo :.Step 1. Obtain each pupil's preéestggrade equivalent,
- ) Lo Step 2, Subtract 1 (since most stan ardized tests start at I
. 1.0). /e b
J Step 3., ,Divide the figure obtained in step 2 by the number
. . ‘ of months e pupil has been in school to' obtain .
o a hypothetiigal (historical regregsion) rate of . '
) growth per month.  (Ignore kindergarten months.,
4 T R ° Ong, school year = 10° months,) g
. A - Step 4. Multiply,the, number of months of Title I treatment
' L , + * by the hisforical raté of growth per month/
P Step 5. Add the figuye obtained 1in step 4 to the pupil's
e -2 pretest grde equivalent (step 1).* .
= Co J/ ‘ ‘ A :
. This paper examines the ﬁistorical Regression method for obtaining
' predicted posttest grade equivalents to determine its adequacy as a
. predictive model and to defvelop an alternative predictive model.’ l ]

v ]

Method ) , ' _ }

The approach was to (1) express Historical Regression in algebraic.
o terﬁ@ (2) from the algebraic formule, produce a linesrt model for

c. *Bureau of Urban and Community Programs Evaluation., District Evaluator's
Handbook of Selected Evaluation Procedures for Categorically Aided

.Programs Serving Disadvantaged LedrmerB, Albany: New York State
Education Department, Spring 1972, '
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Historical Regression (Eyis’mpdél has assumed weights), (3) produce a e
Leagt Squares HistoricalvRegﬂéssion model that has weights which best |
fit the data, (4)*compare the?Historical Regression model with the
Least Scuaros Hiutoricql'chrnssién model  to determine similarities

" .and differences, (5) devel- un alFefnative'model. S

o9

Data_Source . ' .
v i * . ’ ' . ;
The data were taken from -ne reborts‘of Title I Compensatory Educa-<w
tion programs filed at the New York State Education Department for the s
- . 1972-73 school year. This file contained the following information for
-213 pragrams: : T : - T

-

Y - Program mean reading grade qﬁuiﬁaleﬁt on posttest,
, . B - Drogram mean reading grade equivalent on. pretest 1f over
: . " grade equivalent of 2. - o :
Cy : D - Duration of program in years, =~ = ..

' - . T - Mean previous time spent in schqol in years.
' \ ’ B L . : ’ " B

. . - . . . . 3 . e
Characteristics of these variables are reported. in Table 1.

» o ~ ST
’ o Table 1 . L
Means, Standard.Deviations and Limits L e
. v ‘ﬁ ..' .
. -, ) ‘ N
. _Variable : M C ‘ sh = Minimum : Maximum.

‘ 13 X \ < J * - - . “
- Y, . 4,67 . 1.34 2,10 9,2
B 3.83 . 1.23 . 2,03 ! 7.7
D : .90 .32 200 - 0 L 1,6
T 6.69 . . 5.72 . 1,00 ° 0 11,0

' 5
! &

Is the, Historical K Regression algorithm adéguate? T
B ¥ - )

In terms og the defined variables the algébraic expression ofﬂihé
Historical Regression was found to be: : '

a

Y =B+ (B -1) x (D/T)

W

“{n the form of a linear model this Historical Regression Model became:

Model 1, Y = Zero U + 1 (B) + 1 (Bx D/D) -1 (D/T) +& .~

- | | g N
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. The weighUs on the variables.were didtat d by the Historical

Regression procedure. A model with the same variableg
# Histordcal Regression model but wifh tie. weights left

8- used in the
for a least

squares boet fit waa expressed as a Lenet Squaron Historicnl

Regression Model ) “

Model 2. Y = aOU +a) (B)" +a, (B D/:r) + a (D/T)

“The solution to the Least Squares Historical Reg
yielded? ag = .68, a1 = .99, a; = .59 and ay = -1,02,

Regression Model assumes that these weights are: ad

-

S8, = Kl. The errox sum’ of squaqes for thefLcast-Squa
Upon Bubstitution of“the histprical regression values
“of squares for the ‘restricted model is 85.. #iith 5 de
for the\full model and none for the restricted model,
between the error sum of squares 18§ ‘tested wifh F-at
freedom,™ “The F of 38 is as§oéi ted with a near zero
chance difference. )

Therefore, the 'Historical Regressidn Model (1) d
of predicting posttest grade equivalents than the Lea
Historical Regression Model (2).

Since the Historical Regression deviates from a
fit, Historical: Regression was plotted as shown in Fi
observed that .initial grade equivalents are along the

. 'while ’the .ratio of the program duration to the avera

- had previously spent in schBsl Ms given on'the right
The hiptorical regression planc twists so that the re
test to posttest is 1 to 1 as the ratio D/T approach
would be the situation of a very short® program (e.g.,
children that had spent a long 'time in sehool (e,g.,
a ratio of D/T of .04, a 'value very close to zero.
according to historical regression, the children will
at the end of program as at the beginning., &

{ At thc other end of the D/T ratio, the situation
program has lasted as_.loyg as the child has previousl
This would be the caiv/f young children. At an ini
‘of 2, ‘the final achiey'ement would be approximately 2.
At an initial grade equiva nt of 3, ’tne,ginal achiev
approximately 4.0 grade equivalents.

- This historical model d0es/f£% the data quite we
percent of the variability in posttest scores, provid
and twisted properly. As previously showﬁhhowever, t
regression model does not match the least squares fit

{

o+
EZ

ression model v
‘The Historical
-0 81—.1 =1,
res model is. 43./
’ the error sum:*

rees of freeddm ST~

the difference -
5/208 degrees of
probability of a

oes a poorer job
st Squares

Least Squares best

gure- 1, It may be
horizohtal axis -

ge time the students

sgide of the cube.,
lationship of pre-

es zero, This ~ .
2 months) for '

50 months) yielding

In this situation, ,— )

have the same gscore

is showvn witere the
y..been 1in school.
tial grade equivalen&
4 grade eq' '
ement would L.

f{
11 covering 88 f
ed it is cente;ed/’ )
he historicalf
to the data.
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& Detailed Examination of the Historical Regrcssion Algorithm.

,

Each of the Historical Rogreasion wcights ‘was testcd in turn wibh
olthor tha hypnthonivod wolght *or . Lho laoant squaras woipht retainod in
accord with the result of tcstingathe historical regression wefght, s
First, the ag = 0 hypothesis was tested. ‘Thiis hypothesis is .that the
regression plane passes through zero orn the posttest when” the pretest -
is zero arid the D/T ration is zero. ‘This turned out to not be the“case,
. 'The least squares regression” plane does not pass through zero at a very -

. high level of probability (F = 476 at 1/209 degrees of freedom).. The
least squares value elevates the plane .68 ‘

grade equivalents above zero. .The second hypothesis was that a, = 1.
- This ‘weight describes the ount of t¥ist in the planc.’ Thc welght for'
twist was not one (P = 0), ‘A weight of .59 fits the data much better

so that the twist is not as large as assumed\by histo{ical regression. ,
The third hypothesis waé that the tilt of the plane wa s 45 degreeé when
D/T was zero. This was the hypothesis that. a) 'was equal ‘to, one. Test
of this hypothesis failed to reject it, so that a value of One for ag .
‘was an acceptable fit by least squares (P = .28), The.last hypotheais

e

that a5 is -1, also was not rejected (P’f‘j%Z). ' \Y : S
. 2 Ao, . \ ‘a7 L
The final model is: =~ ' : T : A
e i , . ) A . ~
Y= .68 +B+ ((.59B) ~L)’x D . - S
R T 7 v .

The diffcrences between this equation’ and £y algorithm of historical

regres@ion are the ;addition of .68 to all prOJected scores ,and the
multiplication 06 che pretest score by .59 before adjusting it for the
beginning at gradeg®l, ~ \ ‘ ' N S

Examination of the difference belween e Historical Regression
plane in Figure 1 a;ig%héwieast squares bedt fit plane reveals that the
final achicvVement o der students in short duration progra s has ‘been
underestimatcd by as much as 1/2 a year. JNounger students *n long rro-
grams did not faré as well. The effect was ‘to overestimate cueir

.achievement by as much as one year, giying the appearance of poor' .

performance. .’ N , h L
ST I L

(7‘ ! ¢ ‘. ‘

Development of an Alternative Model:” N

@

3 ‘ )
It would seem desirgblc to‘simplify the formulation—ef*ihs expected

achievement. without losingg'he prédictive power of historical “regression.
An attempt a% this goal wa\,; entaken beginning with this possible model:

= a 2 2 3 3
b4 aOD + alB + azD + aaB + aaD +_asB _+ a6D +

' 2 2 2 2
+ .
i?ﬁxp aBB D 1;agBD + a,4B"D '+ E3
¢
)



» AThe R2 for-the ahoﬁe model was .. 856 and is obvidusly significant.
The hypothesis of no curvilinear interaction, was rigectedzrsing Mbdel 4

L4

M\c3

J N ’ 2. 2 <
!V“ . J’Y - aOU + 0L2_+ n3D + °4D + nsB + 06933+ u7Dx E4 . .
R which yicldcd an 82 of .890. The diffcrcncc bctwcgn Rz's was significan&
, <" (FE = 4,12, df 3/202, P 7 .008)3 therefore curvilinear interacti’on was
'considered as present., The task of locating thc interagtion remained. ‘.

The hypothes{s that the interaction was very complex ‘'was tested with
,, model 5 which s. the samc as model 3 except for the last term B2D2.
) Complcx interazglon was confidered not, present (F.= 4057, df = 1/2 2,
Lo ‘p-= ,03) as all relationships are testdd at the .01 level of significance.
d ;s Therefore,” model 5 became the full model for a test of the hypothesis
that the interaction is curvflinear on program duration, MQdel 6 .
, expressed this hypothesis.- ‘wt;; . , )
ﬂ" Y='aU+aB+aD+aBz+aD2+'aB3+%‘D}+
oo £ 0 _1 2 3t 4 5 6 ) . o

R A 2
o ; .a7BxD + ayB°D + Eg

from model- 5°at the .0P7 level of significance «(F = 7,51, df = 1/203).
‘' Therefore, the term BD®\ was considered sfgnificant and included in the
‘next model (7) that was used to test "the effect of‘BzD This term was

¢ nbt considered significant (R? = .892, F = 2.64, 'df\l/203, P = ,10).-

This mddel turned out gp R2 of) .889 which was significantly different

/ .
» To-«egain our, bearings, the full quel is noﬁﬁ(#7) which includes
third degree polynomial forms. _

R N : ’ .

. - a - nd Lt 2 3
i i ) .Y = aOU + a}%’+ a2D + a3B_‘+ a,D" + acB
A 2 e " . o :

. o 8B T By S -
Coﬁgarison of)this model with a model that lacked the‘third degree ¥
polynomi 1s shoved that B3 and D3 were not significant\(F = ,80, df '2/204,
~P = ,45). .The only remaining.term not involved in the established intier-
5 action was B2, 1t was found to be nonsignificant (F =1, df = 1/206)
dropped . from the final equation.

+;a6D3 f‘a7BxD LN

A i

) -~ Ail thegremaining terms were involved in the expression of the inter-:
) action and were therefore gonsidered- necessHEy fog_the expression ‘of the’
v relationship of beginning scores -and program. duration on posttest scores.
: The- final acceptable modet is. - % i
Y ' .
. 7
. Y=-2,14 #1,56B +7.26D -4, 040 -1,39BxD +,80BD? +58
. . 3
. . . I . A . . \‘
’ A ’ N N ‘ ‘
2 - A
< . N -
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This 1is a highly'comﬁlex plamas it describes a different effect

£

~J

for ‘program.duration at various levels of the pretest scores.

It °

L
- should be noted that program duration, although highly significapt,.

haos an only very subtle rclntio?ghip'with posttest scores after initiel

skill level 1is included.

Conclusion:-

SESttéSt designs £

A méfhod'fox liminating maturation as a factor
- Tit'le 1'programs was

L)

¢

.

-Thi

' model, is shown L%_Figure 2,

8

—s

blane,,described by the final écceptable
- R ‘ .

-~ .

F

~

'

xamined in

v

in pre

ta and an alterpative predictive model was developed
(1) makes o assuriptions regarding the relationship
between pretest level and prograﬁ duration, (2) does not require the
computation of .time span in school fe% each child, (3) does not requir
an expected achievement level for each child, (4) does not bias ‘againgt
(6) feq%ires only the

gome programs, (5) ‘cuts the error in half,
beginnirig mean achievement- level, - -

v

tive method:

v
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eldtféh

test-

v
s
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‘The alterna-
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