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SECTION I

Data Nescrivhion

Vectors selected froﬁ a 32 ¥ 123 data matrix, descriptive of
the students, the faculty, and the school, are used to spvecify each
of the student perforimance ani the téacher retention models, The
data are drseriptive of elemenfary schools iﬁ YWashington, D.C.
Public 3chool systems, The data were gathered from census tracts,
school records and site visits to the various elementary schools

included in the study.t

TABLE 4

‘Variable Descrintiog_)2

Var # Description

1 Percent white (s)

z Pupil/teacher ratio (pf)

3 Parcent marrled (t)

b Fercent with school-age children (t)

5 Percent under 40 years of age (t)

6 Percent raised in D.C, (t)

7 Percent ralsed outside D,C,, but in the South (t)

8 Parcent raised in the South (includine D.C.) (t)

9 fercent raisedl in town of more than 10,000 peovle (t)
10 Percent raised on a farm (t) .

11 Percent revorting parents' income in upper one-half

. of community (%)

12 Percent male (t)

1 Percent ¥egro (t)

1 Percent pernanent teachers (t)

15 Percent probationary teachers (t)

16 Percent temporary teachers (t)

17 Percent with bachelor's degree (highest deﬂree) (t)
18 Percent with master's degree (t)

19 Number with school-age children in D.C, public schools,

compared to the number with school-age children (t)

20 Median family income (s)

21 " Median years of education of parents (s)

1

The data wero originally gathered by Professor George Careyy
ography Department, Columbia University, for use in "The Passow Report"
[:R\!:r the Washington, D.C., Publio Schools. After preparation of the

Aruitoxt provided by Eric

report Dr. Carey permitted the authors to use the data.
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Vay #

22 -

23

24
25

-

TABLE # 1 (cont',

)

Description

Attendance as a percent of enroliment (of)

Ratlo, capacity to cnrollment (the larger the value,
~the more space avatlable) (pf)

Years experience at present school (t)

Years experience in D, C, public school systenm (t)

Total years teaching experience (t)

Age- of school building (pf)

Date of latest addition (pf)

Number of classrooms (pf)

Number of amenities (pnf)

Number of substaniard facllities (pf)

6th grade readins scores (s)

Experience prior to D,C. (%)

% generated variable (var 33 = var 26 - var 25)-
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Intercorrelation Hatrix for Complete Date Set
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The intercorrelations matrix supgests that teachers found in
the inner urban school identifled by districts that service é
population with a low median income tend to be black, have fewer
school-age c¢hildren, and less well academically vrevared than their
outer-city counterparts., The schools fourd in the inner-city fend
to have a lower vupil/teacher ratlo, have less svace per student,
have more classrooms. and have ﬁad less recent improvemenis and
renovation of school buildings, Not surprisingly, parents of students
in thelinner-city_tend to be less well educatel, and their cilldren's
attendance rates and reading achievement scores tended to be somewhat

lower than those found in outer-urbhan schools.1

Bagic Rerression iiodels

In the first two baslic models the writers were interested in
predleting student performance. In the first model %he wrifers used
attendance as a percent of enrollment as the criterion measure (var 22},
Here the writefs assumed that attendance rate provided a reasonable
proxie measuré of student attitudes toward schooling. 1In the third,
and final model, the writers were iInterested in identifying the
correlates of school holding power yis a vis its teaching staff.

The average qumber of years of teaching experience at a particular

sohoo). was used as a criterion measure (var 24),

1 In addition to the inspecotion of the intercorrelation matrix
the writers also ran a gseries of three regressions using a binary
coded medlan income criterion, The independent variables in each of

_these runs were teacher, school, and student variables as ldentifiled
in Table 1, The results correspond to the results reported above.




TARIE £ 3

‘Baslc Iearession Vodels

Regression Coefiiclents

Variable :
_Humber lodel 1 Yodel %2 Yodel #3
1 1,69236% -1,71993 2.14h92
2 0,03976% 0,15018 =0.14500%
5 -0,06395 - 1,98264+
6 b, ol2h 6
9 -0, 6703
12 ~-0,25715 -0.44200 -1,60669
i3 ~0,12966 0.90354 2.,52692
16 -~0.24355 0.273384
18 0.22122 0.,25557
20 0.0001 5% 0,00035% 0,00005
21 -0,01297 0.17903 -0,18160
23 0.54059% 1,5L168« ~1,33990
26 0.01209 0.08659
27 -0,0039kL =-0.,00771 0. 00440
28 0.01718
29 0,00992 0.02502
30 0,15139
31 -0,12291
33 0.996?2
Intercept 2,62303 74.72534 =33, 80069
Hultiple
Correlation . 869734% o 66l 5l % ' 51381 %%
N 128 123

# indicates that regression coefficient is significant at the .05 level

128

#% indicates that the regression is significant at the ,01 level




All thpee basie regression models reported in Table #3 are
signiflcant et the .01 level, The coefficlents indicate that reading
lachicwamnt is slgﬁificéntly related to four independent varisbles..
The positive coofficients associlated with the perceﬂtage of white
sfﬁdents at a particular school and median family income of parents
underline the importance of the home factor in effecting student
porforménce. Likeulse, the sign of the coefficlent assocliated with
variable #23 (the>rafio of capacity to enroilment) supzests that
student overcrowding is assoclated with poor student academic per-
formance, On the other hand, we would expect that the pupil/teacher
ratio (var #2) would be negatively related to student perfornmance.

The result in Model i1 runs contrary to this expuctation, Remenbering,
however, that ouf description of the inner city school showed that

it tended to_havo lower nupil/teacher ratios at the particular voint
ln-timo that data weré collected suggests that these results night
be;expected. e might very well find that the impact of low pupil/
teacher ratioé might-have the expected imract on student performance
ﬁith the passage of time. This, of course, is something quité
different than saylng they would Be enough to-overcome the impvortance
of home factors in effeocting studgnt pefformance.

Oour second model, wnich uses attendance as a peroent of
enrollment as a oriterion measure, also indicates the 1mportaﬁce of

'_home factors in determining student performance. The coefficients
assoolated with median income {var -¥20) and edupaéional level of
parents (var #21i) are both éignifi:ant ahd positively related to
attendance rates; Thé positive slgn associated with var1a$le 5
{percent of tegshera under forty years of age) sugg2sts thab students-
o | . ) .

- - 8



are more llikely to attend classes taught by younger vather than
older teachers. (Variable #2 (pupil/teacher ratlo), in Hodel #2
as in Model # 1, shows a significant and positive. relationship with
student performance. Agalin, the only reasonablé explanation the
writers con offer is that the relationship resulted from changes
that occurred in the district shortly before the data was gathered,
The teacher retention equation indicates that teachers born in
the area served by the district were most likely to stay with the
‘district over perlods of time, The model also shows that schools
with high pupil/teacher ratiés have a more difficult time holding
teachers than schools there the reverse condition holds. Araln, the
reéder 1s reminded of the behavioi of tnis variable in the preceding
performance equatiors. Mevertheless, it is interesting to note that
low pupil/teacher ratios seem to effect the holdinsg power of a school
vis a yvis its teachers, but do not effect student performance in

the same way. Indeed, in the student performance models, the

relationship is precisely the reverse.
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Analysis of Dats

The investigators employed two approaches in thelr analysis
of the data. The flrst approach utilized the techniques of ‘-.-Iard1
to determine the unlque contribution of proper subsets of fhe
predictor variables to three critsria; The unigue contribution is
defihed.to be as the difference between two squares of multiple |
correlation coefficients (Ezs), one obtained for a regression model
in which a1l predictors are used, called the full model (¥FH)}, and
the other obtalned for a regression equation in which the proper
subset of variables under conslderation has been deleted; thls
nodel is called:the restricted ﬁsdel, (Ri¥)s The difference between
the two st may be tested for statistical significance with the
variance ratio test, The hypothesis tested states, in effcct, that
these variables contribute nothlng to the determination of the
expected;criterion values that 1s not already avalilable in the
restricted prediction system,
7 fhe first model to be considered used as 1its criterion neasure.
tne sixth grade reading scores, Sixteen independent variables
(1,2,5,12,13,16,17,18,20,21,23,24,26,27,28, 29) were used for the
full regression model. In addition, these predictor variables were
sub-grouped a ggiori into three disjoint subsets and the unique
oontribution of eaoh of the subsets was tested for significance,
Each of the fhree subsots vas broken down further and tne unique
contribution of eash component vas tested at each stage, (Table “h
Qontsins the‘various groﬂninvs’and rasults of ﬁnique contribution
tests,) "Pe fivst subset (variables i, ?0. and 21). vhioh might e

T i 1 ward. Je Hop ”Hultiple Linear Regression Hodels." Comnuter
‘AR\(:Apnlications in_the Zohavioral Solences, Harold Rorko (mditor),f

(Bnglewood Cliffs, MNew Jersay: Prentioe-”all Ino.. 1962). PP, 26##23?.'
e, &sx’%bﬁﬂﬁ%ﬁﬁ?’%w»m“'ﬁf”sug ¥ 1 n T :
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callpd a home factor, had a significant unique contributlon (see
Table #4). Breaking the subset down fufther, variable 1 {percont
‘white) and variable 20 (nedian family income) seeﬁed to be mak%ing
sighificant contributions to the explanation of thé criterion of
-reading 2chlevement, The unigue contributioﬁ of the second subset
(variab}es 2, 23, 27, 28, and 29) was slgnificant beyond the .05
level, This particular subset night be considered a physical
facilities factor. The ratio of capacity to enroliment (vafiable 23)
émerged with.the highest significant uniqﬁe contribution as the
analysls was extended, -Finally. the third subsét of predictor
variables (variables 5,12,13,16,17,18,2%,26), uhich night be con-
sideréd as a teagher characteristics factor, falled %o make a signi-
ficant unigue contribution to the explanation of the dependent
variable, |
Changiﬂg the criﬁerion‘variablc from readling achlevement to

‘attendance as a percent of enréllment {variable 22) and retaining

thé same sixteen prediotors, the investigators found that ﬁhe first
_ subset again made a significant unique oontribution {see Table #5).
The principal coatridbution came from variable 20 (median family
1ncome). The physical facilities factor, the seoond subset, made

8 signtflcant contributlon with variable 28 (date of latest addition).
variable 2 (pupil/teacher natio), and variable 23 (ratio of capacity
to enrollnment) appearing as important contributor;. The teacher
_oharaoferistios faotor suBset failed again to make a significant
unique ooﬁtribution. However. it's 1nterest1ng to note that ‘variable 5,
uhioh ia contained in this cubset. digd make a sisnificant contribution

‘on 1ts own merit even thougn ihe total subset fell short,
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TABLE # 4

Proportions of Varlance Attributable to Groups of Variables
Believed to be Associated with Sixth Grade Reading Scores

Total Con- Unique Con-

PREDICTOR- PREDICTOR-
Variable tribution Variable tribut.on
Group Pro?og§ion Group Proportion
B .

¥odel 1 (1,2,5,12,13,16,

17,18,20, 21 23, 2@ 26,

27,28, 29) - Full Hodel(Fh) « 7587 a
Model 2(FM - 1,20, 21) . 6576 Variables 1,20,21 ,1011]

at the ,01 level for N = 128,

Model (Fi - 1) « 7237 Variable .1 .0350
Model (Fi1 = 20) .7370 : Variabhle 20 .026?‘

fodel 5§ iFH - 21) « 7563 Variable 21 0024
Model 6 (Fl - 2,23,27, 28,29) +7260 Variables 2,23, .
\ 27,28,29 03270
ilodel 7 (Fi1- 27,28) « 7532 Variables 27,28 . 0055
Hodel 8 (P - 27) ¢ 7550 Variable 27 . 0037
Model 9 (FH - 28) . 7586 Variable 28 .0000
Model 10 (Fl - 2) 7511 Variable 2 .00?6
Model 11 (F} - 23) 7491 Variable 23 . 0096P
Model 12 (FL - 29) ‘ 7570 Variable 29 0017
Model 13 (¥M - 5,12,13,16, Variables 5,12,

17,18 24,26) 7455 13,16,17,18, ?b 26 .0182
Model ﬁ (F - 16,24,26) . 7510 Variables' 16.24.26 .0047
Model 15 (¥ - 16) 7574 Variable 16 . 0013
Model 16 (Fi - 24) + 7566 Variable 24 .0021
Kodel 17 (Pl - .26) + 7570 Variable 26 . 0017
Kodel 18 (Fi - 17,13) + 7577 Variable 17,18 ,0010
Model 19 (FH - 17) .7586 Varlable 17 . 0001
lodel 20 (FM - 18) 7579 Variable 18 , 0008
Model 21 (1 - 5,12,13 « 7570 Variables 5,12,13 ,0017
Model 22 (Fi¥ - 5) . . 7587 Variable 5 . 0000
Model 23 (FM - 12) + 7572 Variable 12 . 0015

~Model 24 (Fi - 13) .7587 Variable 13 , 0000
a

These proportions reported as unique contributlons are significant
In computing F values, it was assunmed

that one parameter was assoclated with each variable in the prediction

system,

The degrees of freedom for tho number of predictors were

determined by the numbexr of varlables given an opportuidty to con-

tribute to the
b

prediction,

Significant at the .05 level,
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TARLS # 5 '
Proportions of Variance Attributable to Groups of Variables
. Believéd to be Assoclated with Attendance as a Percent of ZEnrollment

PREDICTOR~ PREDICTOR-

Total Con- Unique Con-
Variable tribution Variable - tribution -
Group Proportion (R”) Group Proportion
Model 1 (1,2,5,12,13, 16

17,18,20, 21723, 2 26,

27.28.29) -'rull lodel

(Fl) ’ . JLé2l
Model 2 (FM - 1,2021) . 2934 Variables 1,20,21 .16402
Hodel 3 (Fi - 1) 4508 Variable 1 ,0116
nodel 4 (¥M - 20) 049 Variable 20 . 05758
Model 5 (F¥ - 21) 3073 Variable 21 ,0152
Fodel 6 (Fl - 2,23,27,23, Variables 2, 23,27, -

29) 261 D 28,29 ., 0., .12638
Model 7 (Rl - 27,28) w4330 Variables 27, 28 0294

¥odel 8 (Fi - 27} 422 Variable 27 10003,
Model 9 (Fi - 23) Ab17 Variable 23 .ozoZ
lodel 10 (FH - 2) . 4090 Veriable 2 . 05342
Hodel 11 (FM - 23) 206 Variable 23 .0k18?
Model 12 (P15 - 29) 624 Variable 29 »0001
Model 13 (Fit - 5,12,13,16, Variables 5,12,13,

17, 18 2h,26) S 2199 16,17,13,24,26 L0425
Model 1l {FM - 16,24,26) 439 Variables 16,24,26  .018%
Model 15 (Fii - 16) .b61? Variable 16 . 0007
Model 16 (Fii - 24 JU617 Variahble 24 + 0007
Yodel 17 (FM - 26) 49 Variable 26 0175
lodel 18 (FIf ~ 17, 18) J616 Variable 17,18 . 0003
Hodel 19 (Fi - 17) . 620 Variable 17 . 0000
Hodel 20 (Fi - 13) U617 Variable 18 . 0007

" Model 21 (FPM - 5, 12, 13) 1263 Variables 5,12, 13 .0356b
Model 22 (FlH - 5) 4360 Variable 5 . 0260
¥odel 22 (Fit -~ 12) 4610 Variable 12 ,0015
Model 24 (FK . 13) U557 Variable 13 . 0067

‘a These proportions reported as unique co1tributions are significant
at the .01 level for N = 128, 1In computing F values, it was assumed

_ that one parareter vas associated with each variable in the predioction
system., The degrees of freedom for the number of predictors were
tetermined by the number of variables given an opportunity to con-
tribute to the prediction.

.

Significant at the .05 level.



TARLY # 6

"Proportions of Variance Attributable to Groups of Variables
Relieved to be Associated with Years Zxperience at Prettent School

Total Con-

PREDICTOR- PREDICTOR- Unique Con-
Variable tribution 2 Variable tribution
Group Proportion (R®) Group Proportion

Model 1 (1,2,5,6,12,13,17,
18,20,22.25,27.23.32)

- FM (Full Model) . 3084 o -
Hodel 2 (Fif - 1,20,22,32) .2819 Variables 1,20,22,32 ,0245
Model 3 (Fil - 1,20) 12329 Variables 1,20 ,0235
Model 4 (Fl - 20) ‘ +3011 Variable 20 , 0053
llodel 5 (FM - 1) . 42838 varisble 1 . 0226
Model 6 (Fil - 22,32) . 3025 Variables 22,32 . 0040

Model 7 (FY - 22) 3057 Variable 22 ° . 0007
Hodel 8 (Fli = 32) .3025 Variable 32 +0039,
Model 9 (FIi - 23,27,28) 2551 Variables 23,27,28 . 0513
Model 10 (FH - 27,28) 2868 Variables 27,23 0196
Kodel 11 (Pl -~ 27) . 3062 Variable 27 . 0002

- HModel 12 (FM - 28) 2949 Variable 28 .0115
Kodel 13 (Fli - 23) 2902 Variable 23 0162
Model 1I (P4 - 2,5,6,12, Variables 2,5,6,12,

13,17,18) .105 13,17,18 ,20008
.Model 16 (FIf - 5)° .2234 Variable 5 . 07308
Model 17! (Fit - 6) .2k28 Variable 6 . 06368
Model 18 (Fi - 12) +2992 Variable 12 . 0007
Model 19 (Fi - 13) 266 Variable 13 . 0072

" Model 20 (FM - 17,18) 299 Variable 17,18 0401
Model 21 (Fi - 17) +2998 Variable 17 + 00066

" Model 22 (Fii - 18) « 3064 Variable 18 , 0000
Model 23 (Fi - 2) .2820 Variable 2 02440

These proportions reported as unique contributions are significant
at the .91 level for N = 128, In computing F values, it was assumed
that one parameter was ausoclated with each variable in the prediction
syetem.  The degrees of freedom for the number of predictors were

- determined by the number of variables given an opportunity to contribute

to the prediction, -

b

Significant at tha ,05 level,
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The fhird criterion variable investigated was vaiiable 2#

{(see Table #6), years experienoe at present school. Th: fourteen
predictors specifipd for this full model included variadbles 1,2,5,
6,12,13,17,18,20,22,23,27,23, and 32, The first subset consisted

of variables 1,20,22 and 32, ?his particuler subset of home'facﬁor‘
variahles did not make a significant unidue contribution. The second
subset consistlng of physical facilities variables (23,27, and 23) made
e si?nificant unique contrihution at the ,05 level, XNomeof the
speciflc Variables of thls subset had a signiflcant unique inpact on-
the criterion. howevgr. This night be explained by‘the.high inter-
correlations of these variableé. Finally, phe teacher factor subsst
(variables 5, 6, 12, 13, 17, and 13) was found to be making a |
significanﬁ (.Oi level) unique cqntribution to the explanation of

 the oriterion variable. A study of Table #6 reveals that variable
5 (percent under Qo'years of age), variable 6 (percént raised in
D.C.); variables 17 and 13 together (peréent with baohelor's degree .
and peroeht with master's degree) and variéb;e 2 ( pupil/teacher
ratio) were significant contribﬁtors to this subset,

' In addition to the regression analysis with omphasis on unique
contributions, the researchers sought to determine the uninue contrihu-
tion of faotors to the explanation of the three crlteria. Fach got

. of predictor variebles in the three regression models was faotor
ﬁnalyzed using prlnoi§a1 oomponents”and three new full regression
qodels vwora gonerated in which each dependent varliable was expressed

1

as a function of the obtained ractors. In Table #?. the factors

- For a detalled dlscussion. of the process of dotermining the
regression models, =se, W.F.Massy, "Principal Components Regresslion
in Exploratory Statistical Research," Journal of the Amerioan Statistiocal

T(foolation., laroh 1965, pn. 3&-256.
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used for the first two regression runs are foqnﬁ. ﬁhile fhere are
16 factors; only five vere Judged to be relevant, '
Kalser.sgggests that the nunbar of factors jJudged significant
be linlited to thosé factors whose éigenvalues are greater than unity.1
These five factbrs together account Tor 76 percent of the total
‘variance of the sixteen independent variabies: each of the remaining
eleven factors contributes 1llttle to the over-all variance.

Using variable 32 aé the crlterion,>a new regression nodel wvas
investigated 1In which the five_factors were:utilized as independent
Qariables. The uniqué contribution of factor 1 which loads heavily
on variables 1} 13 and 20 (see Teble #7) made a unique contribution
which is estimated to be ,5623. This was significant beyond'the
+01 level. The unlique contribution of factor 2, estimated .to bve
+0343, vas also significant at the ,01 level, -This factor had
high loadings 6n variable 27, 28 and 29, The estimated unique
contribution of factor 3 {(high loadings on variables 16 and 24) was
‘;oéhz which was significant beyond the .01 ievel. Factors ﬁ and 5§
falled to makc a significant unidue contribution as the estimates
in both cases 1s be}ow .01, It is interesting to noté that factor

-1 18 related to the home factor in the previous regressisn runs, while
factor 2 seems related to the phyéical facilities and factor 3

emphasizes the teacher characteristics,

;- Sea W, W. Cooley and P, R, Lohnes, MNultivariate Procedures

for the Pehaviora) Sciences, Wiley, N. Y., 1902, p. 162,

16
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Predictors Used in Table 4 and Table 5
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TABLE # 8

Principal Conponent Anal
Fourteen Predlctor Variables Used

in Table 6
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’iﬁ the second regression run, varlaole 22 served as the
dependent varlable.. When the five fectors used with criterion
. _variable 32 vere used as predictors of variable 22 (attendance
as a percent of enrollment), the sane three facuors encrged as
‘significant. Factors 2 and 3 were significant at the ,01 level while
factor 1 was significant at the .05 level, Factor 2 appeared to
be the dowinant-contrlbutor ﬁith its unique contribution estimated
tc be .11?8
The criterion variable 24, a different set of 14 independent
variables served as predictors., When these i} variadbles vers factor
analyzed, five factors were identified to be relevant using Aaiser s
rule for significant contribution. These five faotors aopear in
Table 8 ani together tney account for 75 percent of the total
variance of'the fourteen 1ndependent_var1ables; tne otiler25 percent
1§ distributed over the remalning nine fectors., Of the five factors,
‘only factor 3 made-ayslgnificant»unlque contribution to the explanation
of the criterlon variable 2k,  Its contrlbution vas estimated to be |
;07b8 ﬁhloh vas signiflcant beyond tne .Ol level, The nlgh loadlngs
aboear to be on veriables 2, 17, and 18, - These variables provide
information about the teacher, | . _
While it vias hoped thnt the unique contribution epproach and the
' factor-regression models would supply information which might be
complinmentary, a close sorutiny of the results of both approaones
suggests they are eomewhat comparable, This can prohably be explained
': by the fact that the a priori speclification of the three subsets to be
'_enaiyzed tqrned out_in reality to be related to the fectors obtained

in the principal components analysis,




