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Abstract
Four methods of handling missing data were applied to missing values for variables selected from
the National Educational Longitudinal Study of 1988. Variables used were those selected by
Singh and Ozturk (1999) for a study concerning high school students’ academic achievement and
work. Samples selected consisted of 100 cases, 300 cases, and 500 cases. The proportion of
incomplete cases was manipulated to represent 30%, 50%, and 70% for each sample. In addition,
composite variables were created and tested. Results indicate the EM algorithm and regression
procedures provide accurate estimates under all conditions. Listwise and pairwise deletion were

effective with small proportions of missing data and when composites were created.
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Four methods of handling missing data in predicting educational achievement

When data is analyzed in survey research, often there are missing values. If the
mechanism causing the missing values is known, the solution to this problem may be incorporated
in the study. Many times, however, the mechanism causing the missing values is not known.
Ignoring this problem may lead to analysis of data that is of dubious value.

In addition, different methods of handling missing values may produce different results.
When Jackson (1968) entered data on all the available variables in.a discriminant analysis, the
significance of the regression coefficients of individual variables, as well as the interpretation of
the importance of these variables, changed with the missing value method used. Witta and Kaiser
{1591) also reporied that the regression coefficients and total variance accounted for by the
variables changed depending on the method used to handle missing values. After re-analyzing
three studies of private/public school achievement, Ward and Clark III (1991) concluded that the
method used to handle missing data influenced the outcome of these studies.

In using the National Educational Longitudinal Study database to investigate the effects of
part-time work on school outcomes Singh and Ozturk (1999) eliminated more than half of the
selected cases by listwise deletion of the incomplete data. In addition, composite variables were
created to help explain the school outcomes.

Statement of the Problem

The purpose of the current study was tri-fold: (a) to investigate the effectiveness of four

methods of handling missing data using the 26 variables in the Singh and Ozturk (1999) study, (b)

to compare the effectiveness of the missing data methods after creating composite variables, and
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(c) to compare the effectiveness of each missing data treatment using composite variables to the
same treatment when using the individual predictor variables. Effectiveness was defined as the
probability of accurately predicting achievement on standardized tests. Effectiveness of the
missing data methods was assessed by manipulating the proportion of cases containing missing
values, the sample size, and the number of variables. The missing data handling methods studied
were listwise deletion, pairwise deletion, regression and expectation maximization. Sample sizes
investigated were 100, 300, and 500. The proportion of incomplete cases in each sample was
30%, 50%, and 70%.
Methods Studied

Listwise Deletion

Listwise deletion is probably the iosi frequently used method of handling missing data
and is available as a default option in several statistical software programs. This method discards
cases with a missing value on any variable and thus is very wasteful of data. Listwise deletion,
however, has béen shown to be more effective with low average intercorrelation, less than four
variables and a small proportion of missing values (Chan, et.al., 1976; Haitovsky, 1968; Timm,
1970). The assumption of missing completely at random is crucial to the use of this method. It is
more likely, however, to find the complete sample different in important ways from the
incomplete sample (Little & Rubin, 1987). Problems for a researcher using this method include a
reduction in power and an increase in standard error due to reduced sample size and the
elimination of sub-populations.
Pairwise Deletion

When using pairwise deletion, covariances are computed between all pairs of variables
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having both observations, eliminating those that have a missing value for one of the two variables
(Glasser, 1964). Means and variances are computed on all available observations. The
assumption made is that the use of the maximum number of pairs and all the individual
observations yield more valid estimates of the relationship between the variables. It is assumed
that when two variables are correlated, information on one improves the estimates of the other
variable. It is also assumed that the pairs are a random subset of the sample pairs. If these
assumptions are true, pairwise deletion produces unbiased estimates of the variable means and
variances (Hertel, 1976). When missing data are not missing completely at random, however, the
correlation matrix produced by pairwise deletion may not be Gramian (Norusis, 1988).

Marsh (1998) investigated the estimates produced when using pairwise deletion for
randomiy missing data. From this study, which included five ievels of missing data and three
sample sizes, Marsh concluded parameter variability was explained, parameter estimates were
unbiased, and only one covariance matrix was nonpositive definite.

Regression

Regression as an imputation method has many variations. The variations rely on
information from other variables to estimate missing values. As the average intercorrelation and
the number of variables from which these methods can obtain information increases, the
regression methods, theoretically, perform better. Too many variables, however, can cause
problems with over prediction (Kaiser & Tracy, 1988) and too high an average intercorrelation
can result in a singular matrix. In these cases, regression does not perform well.

Variations in the regression methods include differences in methods of developing the

initial correlation matrix (listwise deletion, pairwise deletion, and mean substitution) and the
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presence or absence of iteration procedures. Differences in regression methods also include the
use of randomly selected residuals for iterations and assumptions of a normal distribution.
Theoretically, the more variables considered that provide additional information, the better the
estimate. Mundfrom and Whitcomb (1998) investigated the effects of using mean substitution,
hot-deck imputation, and regression imputation on classification of cardiac patients. Mean
substitution and hot-deck imputation correctly classified patients more frequently than regression
imputation.
Expectation Maximization

Dempster, Laird, and Rubin (1977) recommended the use of the EM (expectation
maximization) algorithm which imputes estimates simultaneously in an iterative procedure. The
aliernaiive is to estimate values and to adjust them one at a time using ihe Gauss-Seidel meihod.
Both methods converge to the same final estimates, but the speed of convergence differs. The
EM algorithm was advocated to hasten convergence. The E step of this algorithm finds the
conditional expectétion of the missing values. The M step performs maximum likelihood
estimation as if there were no missing data. The primary difference between this procedure and
the regression procedure is that the values for the missing data are not imputed and then iterated.
The missing values are functions based on the conditional expectation (Little & Rubin, 1987).
This method of handling missing data represents a fundamental shift in the way of thinking about
missing data (Schafer & Olsen, 1998).

Pattern of Missing Values

All of the missing data handling procedures discussed require data missing at random

(MAR) or missing completely at random (MCAR). Yet Cohen and Cohen (1983) suggested that
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in survey research the absence of data on one variable may be related to another variable and may
be due to the value of the variable itself. When investigating simultaneously missing values, Witta
(1996/97) found concurrently missing values (p<.001) in three of four samples using data from a
national database.

Schafer and Olsen (1998), however, argue convincingly that “every missing-data method
must make some largely untestable statistical assumptions about the manner in which the missing
values were lost” (p551). Consequently, when analyzing real data, researchers typically assume
missing at random.

Procedure

All high school seniors who had reported working during their senior year of high school
and for whom base-year and first foliow-up data were available were included in this study. The
initial sample contained the 26 variables used in the Singh and Ozturk study for 4664 subjects.
These subjects were split into three populations: those containing one or more missing values but
less than 14 and not having any missing values for standardized test scores (n=504), those
containing more than 13 missing values (n=19) or missing values on the dependent standardized
test variables (n=1038), and those containing no missing values on any variable (n=3103). The 19
subjects having missing values for more than half the variables and the 1038 containing missing
values for the standardized test scores were eliminated from further analysis. The remaining two
populations (n=3607) were used to create samples for analysis.

Creating Test Samples
A sample containing 500 cases was randomly selected from the non-missing population.

This target sample was duplicated twice. A sample of 350 cases was randomly select from the
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missing population. These cases were used to replace an equal number of randomly selected cases
from one of the target samples. This provided a test sample of 500 with 70% of the cases
containing missing values. This process was repeated with the second target sample to provide a
test sample with 50% (250) of the cases containing missing values. The process was repeated
again with the third target sample to provide a test sample with 30% (150) of the cases containing
missing values.

This entire procedure was repeated twice to provide test samples with 30%, 50%, and
70% of the cases containing missing values in test samples of 100 and 300 cases. Thus, 9 test
samples were created. The missing values of each test sample were treated by each of the four
missing data handling methods using SPSS 8.0 and SPSS Missing Data Analysis 7.3,
Analysis

To answer research question 1, “to investigate the effectiveness of four methods of
handling missing data using the 26 variables in the Singh and Ozturk (1999) study”, the SPSS
missing data analysis 7.3 (Hill, 1997) subroutine was used to estimate values for regression and
the EM algorithm. Each individual standardized test was then regressed on the remaining
variables (not on other standardized tests) using the data produced by the missing analysis
procedure and the pairwise and listwise procedures within the regression subroutine of SPSS 8.0.
Predicted values from each regression were recorded. The mean vectors of the predicted values
for each missing data method were then contrasted in MANOVA (multivariate analysis of
variance).

4To answer research question 2, “to compare the effectiveness of the missing data methods

after creating composite variables”, the mean of the four standardized test scores was used as the
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dependent variable. Composite predictor variables were created by determining the mean of the
questions forming that construct (see Table A-1). When measurement scales differed, questions
were converted to z scores prior to determining the mean.

After treatment by a missing data method the standardized test score mean was regressed
on each of the test samples. The predicted standardized test score for each test sample was
compared to the actual standardized test mean using analysis of variance (ANOVA) with
Dunnett’s test for comparing all treatments to a control (Howell, 1992) used as a post hoc.

To answer research question 3, “to compare the effectiveness of each missing data
treatment using composite variables to the same treatment when using individual variables”, the
composite mean standardized test score was regressed on the individual questions after treatment
by a missing data method. A predicted standardized test score was recorded for each method. The
predicted score for each missing data method was contrasted with the actual score and with the
score produced by that method using ANOVA with Dunnett’s and the Tukey post hoc tests.

Results and Discussion

Initially data was examined to determine the pattern of missing values as depicted in Table
A-2. When individual questions were used, data was never missing completely at random. This
assumption was only violated in one condition (70% incomplete of 300) when composite variables
were used. As expected and as shown in Figure 1, use of composite variables increased the

number of complete cases in each condition.

Insert Figure 1 About Here

10
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When the mean vectors of the four standardized tests produced by each missing data
method and the actual mean vector were compared, statistically significant differences were
detected in three conditions; when 50% of the cases were incomplete with a sample size of 500,
and when 70% of the cases were incomplete with sample sizes of 300 and 500. These results are

depicted in Table 1.

Insert Table 1 About Here

When 50% of the 500 cases were incomplete, none of the means produced by listwise
deletion accurately reproduced the target means (see Table A-3). Under these conditions, pairwise
deietion could not accuraiely replicate the standardized mathematics mean. Ali other missing data
methods adequately reproduced the target means.

When 70% of the cases were incomplete, the standardized test means produced by listwise
deletion did not accurately reproduce the target means whenever the sample 300 or 500 cases.
Under these condition, pairwise deletion reproduced adequately the target standardized reading
test mean and the target standardized history mean, but not mathematics or science when the
sample size was 300, but could not accurately reproduced any of the target means when the
sample size was 500. The EM algorithm and regression procedures accurately reproduced the
target sample means under all conditions. It should also be noted, the difference in missing data
method never explained more than 1% of the variance in mean vectors and the actual difference
between predicted and actual mean never exceeded 5 points. Thus, in response to research

question 1, the EM algorithm and regression missing data procedures were more effective in
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reproducing mean vectors than were pairwise or listwise deletion. In fact, both the EM and
regression procedures produced mean vectors almost identical to the target mean vector. There
was a reduction, however, in variability as has been noted by other researchers.

When composite variables were created, there were no statistically significant differences
in predicting standardized test score based on missing data method under any conditions as shown
in Table 2. Again, method of handling missing data did not explain more than 1% of the variance
in standardized test score. Apparently the reduction in proportion of cases was beneficial to the
listwise and pairwise deletion methods. Composite standardized test means for each missing data

method as well as actual means are included in Table A-4.

Insert Table 2 Aboui Here

When the pr¢dicted composite standardized test scores (created by regressing composite
test score on individual questions) produced by each missing data method were contrasted with
the target composite test score, results were similar to those using the mean vector of each test
score. As shown in Table 3, statistically significant differences were detected when the sample size
was 500 with 50% incomplete cases, and when the sample size was 300 or 500 with 70%
incomplete cases. Whenever these differences were detected, listwise and pairwise deletion were
significant contributors (see Table A-5). The actual difference between the predicted and actual
test mean was not more than 5 points. In this instance, however, 2% of the variance in test score

could be attributed to group.

12
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Insert Table 3 About Here

Conclusion

This study used one sample for each set of conditions. Consequently it is limited in
generalizability. In addition, there were a relatively large number of variables (26) with a small
sample size (100). Thus, larger samples may produce different results. Considering these
limitations, the following conclusions offered.

Although statistically significant differences in standardized test scores were detected
between the missing data method treatments, the variance accounted for by those differences was
never more than 2%. Use of imputation procedures (EM and regression), however, provide more
responses and correspondingly higher power. While reduction in variability by the EM and
regression procedures is troubling, these methods provide greater power and produced more
accurate estimates of mean vectors. Thus, it is recommended that researchers begin to implement
these procedures more frequently.

The use of composite variables produced no differences based on missing data method.
Because the use of multiple similar variables provides more reliable indicators (although less
precision) of a construct, this procedure is also recommended. If researchers do not wish to use
procedures such as the EM algorithm or regression, creating composite variables provides an
alternative that helps reduce the number of incomplete cases - possibly to an acceptable level.

Finally, when the proportion of incomplete cases was small (30%), there were no

statistically significant differences in the performance of the missing data methods. Therefore, if
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the proportion of incomplete cases is small, any procedure will work. The best solution, however,
is no missing data.

Further research is needed to investigate more thoroughly the problems associated with
variability reduction with the EM algorithm and regression procedures. In addition, further

research is needed using actual data with real patterns of missing values.

14
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Tables & Figures
Figure 1 Pattern of Missing Values
Table 1  Tests of Statistical Significance Using Individual Questions
Table 2 Tests of Statistical Significance Using Composite Questions

Table 3  Tests of Statistical Significance Using Individual Questions with Composite Dependent
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Table 1

Tests of Statistical Significance Using Individual Questions

n Wilks' A F df df Eta?

30%
100 0.985 0418 16 1320.4 <.01
300 0.992 0.632 16 4008.9 <.01
500 0.995 0.639 16 6697.3 <01
50%
100 0.963 0.929 16 1198.2 - 0.01
300 0.984 1.236 16 3639.2 <.01
500 0.981 2.38** 16 6086.3 0.01
70%
100 0.976 0.545 16 1073.0 0.01
300 0.965 2.40** 16 3275.7 0.01
| 500 0.976 2.70** 16 5472.2 0.01
Note. *®hypothesis. ® error. *p<.05. **p<.0l.

{’) i
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Table 2

Tests of Statistical Significance Using Composite Questions

n MS MS F df df Eta
(between) (within) (between) (within) Squared

30%

100 6.18 57.46 0.107 4 4550 <0l

300 20.60 35.54 0.58 4 1391.0 <01

500 30.62 38.02 0.805 4 21520 <01
50%

100 17.85 51.00 0.35 4 4290 <01

300 3.28 38.50 0.085 4 1313.0 <01

500 9.42 37.53 0.251 4 22050 <01
70%

100 31.96 4729 0.676 4 4150 0.1

300 2.15 42.66 0.05 4 1241.0 <01

500 1.85 41.26 0.045 4 20770 <01

Note. *p<.05. **p<.01.
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Table 3

Tests of Statistical Significance Using Individual Questions with Composite Dependent

n MS MS F df df Eta
(between) (within) (between) (within)  Squared

30%

100 44.54 66.82 0.62 4 435 <.01

300 92.27 41.28 2.33 4 1315 <.01

500 89.92 40.4 2.23 4 2195 <.01

100 119.04 59.35 2.01 4 395 0.02

300 101.8 44.97 2.26 4 1194 <.01

500 353.2 43.69 8.08** 4 1995 0.02
70%

100 98.05 69.04 1.42 4 354 0.02

300 325.27 52.33 6.22%* 4 1075 0.02

500 511.73 52.11 9.82%* 4 1794 0.02

Note. *p<.05. **p<.01.

oo
Do




Table A-1
Table A-2
Table A-3

Table A-4

Table A-5
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Appendix
Composite Variable Questions
Data Patterns for the Samples Used
Standardized Test Means by Proportion Incomplete, Sample Size, and Missing
Data Method
Composite Standardized Test Means by Proportion Incomplete, Sample Size, and
Missing Data Method
Composite Standardized Test Means by Proportion Incomplete, Sample Size, and

Missing Data Method with Individual Questions as Predictors



Table A-1

Composite Variable Questions

Composite Variable

Questions

Parttime Work?

Attendance 102

Attendance 12

Participation 10

Participation 12

Homework 10

Homework 12

Grades 12

Standardized Tests

F1S85 HOW MANY HRS DOES R USUALLY WORK A WEEK
F2S88 CURRENT JOB, # HRS WORKED DURING SCHL YR

F1S10A HOW MANY TIMES WAS R LATE FOR SCHCOL
F1S10B HOW MANY TIMES DID R CUT/SKIP CLASSES
F1S13 HOW MANY DAYS WAS R ABSENT FROM SCHOOL

F2S9A HOW MANY TIMES WAS R LATE FOR SCHOOL
F259B HOW MANY TIMES DID R CUT/SKIP CLASSES
F2S9C HOW MANY TIMES DID R MISS SCHOOL

F1S40A OFTEN GO TO CLASS WITHOUT PENCIL/PAPER
F1S40B OFTEN GO TO CLASS WITHOUT BOOKS
F1S40C OFTEN GO TO CLASS WITHOUT HOMEWORK DONE

F2S524A GO TO CLASS WITHOUT PENCIL/PAPER
F2524B GO TO CLASS WITHOUT BOOKS
F2524C GO TO CLASS WITHOUT HOMEWORK DONE

F1S36A1 TIME SPENT ON HOMEWORK IN SCHOOL
F1S36A2 TIME SPENT ON HOMEWORK OUT OF SCHOOL

F2S525F1 TOTAL TIME SPENT ON HMWRK IN SCHOOL

F2825F2 TOTAL TIME SPENT ON HMWRK OUT SCHL

F2RHENG2 AVERAGE GRADE IN ENGLISH (HS+B)
F2RHMAG2 AVERAGE GRADE IN MATHEMATICS (HS+B)
F2RHSCG2 AVERAGE GRADE IN SCIENCE (HS+B)
F2RHSOG2 AVERAGE GRADE IN SOCIAL STUDIES (HS+B)

F22XHSTD HISTORY/CIT/GEOG STANDARDIZED SCORE
F22XMSTD MATHEMATICS STANDARDIZED SCORE
F22XRSTD READING STANDARDIZED SCORE
F22XSSTD SCIENCE STANDARDIZED SCORE

Note. 2 z-score

24



G¢

v '10°>d,, '60'>d , "SUONSSND [ENPIAIPU|=, “BUSOAWIOD=, "S3UYI0 Ul PAPN|OU} e SANJEA BUISSI %> Y)iM SUISEd=, BION
1601 ..8V21 0se€ 061 98 Sl 1%} €l Zl 9l AN 9 Zl al
Gl 9¢L 602 L6 0] Zl 41°] €l 6 q0 00§
€€L 6728 oLe 06 1413 L 1] 86 9 8 6 lc L 14 al
9% ..Pv9'S8 Lzl g€l L v0l 8 8 0 00€
XA R <14 0L 0 81 r4 1% c € c 9 14 al
VA4 8¥'09 Ll 1 %] 14 € 141 € 4 qO0 001
%04
3¢°] +CC6 0G¢ 0S¢ 85 €l 01 Zl L 8 8¢ 9 L al
o v.i'8y Sl 6GE ]9 all L ] qO0 00S
¥8S 59 0SsL  0SL 1°74 8 14 L L 1] 1] L 14 1] al
1614 ¥¥'GS lvZ 60¢ 9 1472 S S 0 00€
gee  sh'eyt 162 0s L [44 14 c 4 1] 14 al
o9 ,2§5'C9 | (A 19 1] ¥e c c qO0 001
%08
¥8S  .lbl9 06l 0S¢ 1214 8 cL (4 L al
o 89'GS ive 60v 9l Gl qO0 00S
0lS 129 06 ole 1 {4 1] €e L 14 6 14 14 al
85 1A es 8¢ 8 9t 14 14 q0 00¢
682 JLEPE 0oe 0. L €l r4 r4 c al
Ve 89°LY 0s 08 € Sl 4 qO 00l
%0¢€
p Zx CIET JESETE 0L e®BYlO 8dus Zl Zl IYoS ylog apis IY9S yjog 8pis uoll u
woou| wo) e sqy IBug  speio u| no u| no puod
wopuey e s[elol 1BY10 Zlsapeio Z1 Wil YIoMauwoH 0l Wi} »JOMBWOH

[91e[dwo) Buissiy

PaSN Se[dWEeS ayy Jo} Sulened ereqg

v m_nm._.xum
(-

Full Tt Provided by ERIC.

r



mN 4.6 005 06°0S ¥S's 0SC 22S ¢.'S 00S 6'0S €09 005 6°0S 66y 0S¢ .95°€S S0UBINS N.N
€6 005 ¥6°0S ¢0'S 0S¢ ¥0'2S gZ's 008 ¥6°0S ¢SS 008 ¥6°0S €8’y 0GC .+8'CS KioysiH
886 00S ¢2¥0S 98’9 0SZ .£6°LS Sl'. 00§ 2¥0S ge'L 005 2vos GE'9 0SC .91°'¢tS Uley
¥r'6 00S €80S ‘96 062 G0°2S 88'G 00S €8'0S 66'S 00S €80S vL'S 0SZ .90°€S Buipeay
00S
'Ol 00¢€ 660G 98'G 05l 8L'¢CS 8L'9 66¢ €0°LS 19 00€ 66'0S 29 0SI 6ges 3VUBING
¥6 00c 82°LS 82'G 0Sl 9¢£°¢CS 89'G 66¢C 8C'LS ¥6'S 00€ 82'LS €6 0SGl ¢2g'¢s AoisiH
96 00€ 86°0S ¢8'9 0S5l €2'¢S GlL°'L 66¢C LS vw'.L 00¢ 86°0S S¥'9 0Gl GE'ES Ylelw
28’8 00t €8°0S 6.'G 0Sl G6'LS 92’9 66¢C 80S Ilv'9 00€ €£80S Il¥'G 0SlL 60°2S Buipeay
. 00€
166 00} 810G S99 0S5 6V'LS L9 00l 8L0S €¢’L 00L 8L0S 9.'L. 0§ 98CS 80U3I0S
€66 00l ¥8°6% ¢0°'L 05 €IS 89°'. 00l V86 oL'8 00l V86 ve'L 05 912S KioisiH
20l 00} 92°0S L. 0§ €9¢S ¥8 001 92°0S 98 00l 92°0S €8 05 +t0'¥S yiew
GG'6 00l S96v ¢9 0S5 ¢G'IS ¢l’L 00l S9'6¥ . 00l S96¥ 669 0S5 L'€ES Buipeay
00l
%085
¥9'6 00S 20°2S vZ'S 0SE $6°¢S ¢SS 00S 20°¢CS 09'S 00S 20¢CS 60'S 0S€ PO'ES 90ullog
¥¥'6 005 LE'CS 66’y 0SE G.L'CS IS 005 1€°2S 9¢'S 005 1Lees 28y 0St 6Bl'ES AoisiH
1.6 00§ 2.'\S $G'9 0SE GE£CS 9.9 005 ¢2.'\S 089 005 2.'LS 12’9 0S¢ GO'ES Ylew
€6 005 20¢S g9's 0S¢ 9¢S 68'S 005 20'¢S 86'S 005 20'¢CS Ge's 0GE 90'€S Buipeay
00S
¥9'6 00€ ¥2'LS 2’9 00€ ¥2'LS Z¢8'S 0lC 66'LS 16'G 00t ¥2'ILS €€'S 0l 8.¢S S0UBIG
€6 00€ ClL'LS 12’9 00€ 2L'LS 1'9 0lZ 28°LS 009 00¢ Z2L'LS 9v'S 0l £6°CS AojsiH
l1'6 00€ LL'LS ¥9'9 008 LL'LS G6G'9 0lZ 68'LS 9¥'9 00 LL'LS 1'9 0le v.L'2S yiew
£€6'8 00€ 180G 86'S 00€ 180G LS 0lg 99°ILS 6.'S 00 180S v0'S 0lZ 20¢S Buipeay
0o¢
¢.'6 001 1L0O0S 808 0. 6905 208 001 100S €28 00} L00S 808 0. 621§ 0UBING
1’0} 00l 1505 89°L 0L ¢9'LS 88°'L 001 1S90S 08 00} 1905 9l°'L 0L 1.7CS AoisiH
¥'0lL 00} 9¥0S 998 0L 8.'1lS £€8'8 00l 9¥'0S 06 001 9% 0S o8 0L ¢L'2S Ylew
1'0L 00l 8£0S 108 0L 6¢£°LS l6°'L 00l 8€0S €28 00} 8€£0S 908 0. 69'1lS Buipeay
001l
%0¢
as N uespy as__N uesp as N ueap as N uesapy ds N uesp Bl 8zis  aj9jdwoduy
1obie] asimiied uoissaiboy el aSIMIST aidwes uoipodoid

POUISIN E1eQ BUISSITY pUE o215 a|dWes "aja[duioaU] UoHodoId Aq SUBSH 1891 BN_E%%%

ev w_nm._.

IText Provided by ERIC

r||



DO
o

686 00S SS'6v €29 0S5l L8'LS 609 66% SG6V €69 005 SS6b Y09 0Gl €£6°¢S 80usIog
186 00§ LL6V Y09 0SlL 96°LS L6'S 66¥ L6v l¥y9 00S L6V 609 0SI 9ves KojsiH
86 005 6£'6V 6¢'L 0Sl v0'ZS ve'L 66V 8c'6¥ lS°L 005 6£6V ¥6'9 0Sl 68°2S. yilen
6.6 00S Zg'e6v 8’9 0S| 82ZZS 199 66¥ 86V ¢6'9 008 286V Iv'9 0SL €L'ES Buipeay
00S
L'0L 00€ SL°0S 69G 06 .0V'ZS g€'9 00¢€ SL'0S €69 00¢€ S1°0S 6L'9 06 LEL'€S a0UBINg
€.6 00€ 6£0S ¢Z9 06 9¢S 8v'9 00€ 6£0S 08'9 00¢€ 6£0S ¢6'S 06 ,99'tS KoisiH
1’0l 00t SO'0S ¢’ 06 ,18CS €6°'L 00€ S0°0S €6’ 00€ S00S 19 06 ,98'¢S =
L6 00 s8'6f v09 06 8'LS 2’9 00€ <86V 899 00€ S86V I1I8G 06 Ll0'tS Buipeay
(00}
¥'0L 00l vO'6¥ I8 0¢ 807CS Gé'L 66 P06V £€e'8 001 vO6v 906 0t SL'ILS 80uslog
€66 001 Zl0'6¥ 6. 0 28'LS 18, 66 VL6V cL'8 00l loe¥ 2’8 0t 98°LlS KiojsiH
€0l 00l 9z8y 98°'. 0t ¢+0'¢CS vr'8 66 9Z'8b 26 001 928y 96 0¢€ /OIS =
¢0lL 00l 8l8¥ 808 0t €IS GZ8 66 88Y o¥'g8 001 8.8v l£6 0t 6¥'LS Buipeay
ool
%0.L
agsS N uespy asS N uesap dS N uespy agsS N uesiy as N uesp azig  9j9|dwoou|
19b.e ] asimiled uoissaibay W3 aSIMISTT sjdwes uoipodoid

PO BJEq DUISSI pUe 'aZIS S|dWES aja|duioouU] Uoiodoig Aq SUBS)y

(penuyuo)) ¢-v 8|qey

O

Aruitoxt provided by Eic:

E



¢l Ie

68'8 005 ¢296¥ SL'v 00§ 296V 6L'S 005 296V 96'S 16¢ 6.6V ¢¢9 L6 96y 00G

¥6'8 00€ L1'0S 60'S 00 L1°0S 62'S 00€ Li'0S 09 €1 ¢0g 619 €/l 66 00€

8¢'6 00l 6.8V vO'y 00L 6.8 6G'G 00l 6.'8% 6L°'L L9 €1°0G 96, €5 visy 001
T %0L

6G'8 005 L.L0S L'y 00§ L.L°0S 60'S 00S L.L°0S £€G'G GGt €6°0G 196G g€ 2¢l'Ig 00S

Zvr'8 00€ ¢2O'LS 9.y 00€ 20°'LS 6L'G 00 20'LS ¢6'S 60C €C'lS 16'G 60C 880G 00¢

¥6'8 00l 86'6% 12’9 00l 86'6Y ¥2'9 001 866Y 6L°'L L9 €1°0G 659 L9 ZCL'IS 001
T %05

IS8 00S 20'¢CS ¥0'S 005 Z20'¢CS L1'G 005 <20°¢cS ev's 60v ¢E'LS 1S'S 60v Nr.Nm 00S

02’8 00€ 60°'LS l6'v 00€ 60'LS vL'G 00€ 60°LS ev's 8¥C ¢cE'lLS ¥2’s 8ve €L'ls 00€

8L'6 00l ¥E€0S ¥.'9 00L ¥€°0G 16’9 001 ¥€0S 0e’'L 08 8.0S gL 08 980§ 001
T %08
as u uesp as u uespy as u uespy as u uesp as u  uesiy az1g  aje|dwooduy
a|jdweg uoiuodoid

SELICT asmiied uoissaibay W3 osIMIST

POUIBIN E1eq DUISSIy PUE '9ZIS JJ0WES 9jajawoou] UOIOd0Ig Aq SUES)\ 1591 PIZIpJEpPUeIS S)iS0awio))

¥V olgel

O

Aruitoxt provided by Eic:

E



€€

Fe
688 00S 29'6Y 9€'9 0Sl +€0'Z§ ¥€'9 66V 09°6Y 699 00S Z9'6Y GL'9 0Gl .58'CS 00S
¥6'8 00E€ LL°0S 609 06 J¥'2S 79 00E 110G 9.9 00€ 110G L9S 06 wlS'ES 00€
826 00L 6.8Y Sy'L 0F 8L1S v9L 66 188V 0L'8 00L 618Y 8y'8 0f 6€°lS 00l
%0L
658 00S LL0G 99'G 0SZ w90°ZS 06'S 00S ZL0S 01’9 00S LL0S 60'S 0SZ wGL'ES 00S
Zv'8 00E 20'MS v.'S 0SL 8125 ZL'9 662 €0°IS GE'9 00€ 20'lS WS 0Sl €52S 00€
¥6'8 00l 86'6p ¥99 0S EL1S 0L 00L 86%6% 09'.L 00 86%6% L. 0§ YO'€ES 00l
%08
158 00S 20°2S 9¥'S 0SE 952S 1L'S 00S 20CS 9/'s 00S 20°2S 91's 0SE 60°ES 00S
028 00 60°'LS 88'S 012 181§ l8S 00 60°'LS 509 00E€ 60°LS STS 012 25°TS 00€
8L'6 00L VE0S 18 0L 9E'LS 8L 00L VE0S 808 00l VE0S €5'L 0L S6'1S 001
%0€
as N uesp as N uesp as N uespy as N uesp as N uesp az1s  ajaidwoou
a|dweg uojuodoid
1obie] asmiied uoissaiboy W3 eSS

JENPIAIPU UNM POUTSYN EFE(] DUISSIY PUE '971S S[dIES "919[dicoU] UORIOd0Id Ad SUESH 159 PoZIpIepuels Sisodwo)

S-v slqeL

O

Aruitoxt provided by Eic:

E



Reproduction Release | Page 1 of 3

TM031627

U.S. Department of Education
Office of Educational Research and Improvement ®

(OERD i ERIC

National Library of Education (NLE)
Educational Resources Information Center (ERIC)

Reproduction Release

(Specific Document)

I. DOCUMENT IDENTIFICATION:

Title:

Pé)u@ W\Q\oﬁg ‘gi\(\a:ﬁ\&\mc, M\és\m Qa\n.. : o\c)\x\emma&
|Author(s) E.. koo \NOL Mee |

Corporate Source: Publication Date:

O e \NJ("SVL"\ o (\qo K\\*’D\x F\GQ\Q@\ Q@ﬁ W\ 28O

II. REPRODUCTION RELEASE: A\l

In order to disseminate as widely as possible timely and significant materials of interest to the educational community,
documents announced in the monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually
made available to users in microfiche, reproduced paper copy, and electronic media, and sold through the ERIC
Document Reproduction Service (EDRS). Credit is given to the source of each document, and, if reproduction release is

granted, one of the following notices is affixed to the document.

If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following three
options and sign in the indicated space following.

The sample sticker shown below will be The sample sticker shown below will be affixed to all || The sample sticker shown below will be affixed to all
affixed to all Level 1 documents Level 2A documents Level 2B documents

PERMISSION TO REPRODUCE AND
DISSEMINATE TH1S MATERIAL IN

PERMISSION TO REPRODUCE AND MICROFICHE, AND IN ELECTRONIC MEDIA PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERTAL HAS (|FOR ERIC COLLECTION SUBSCRIBERS ONLY, DISSEMINATE THIS MATERIAL IN
BEEN GRANTED BY HAS BEEN GRANFED BY MICROFICHE ONLY HAS 3\4 GRANTED BY
S. R QY
al el
Em i 2
4 o 1 G;"
TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC)
| Level 1 ] Level 2A Level 2B

{ t t
V)

Check here for Level 1 release, permitting Check here for Level 2A release, permitting
reproduction and dissemination in reproduction and dissemination in microfiche and in Check here for Level 2B release, permitting
microfiche or other ERIC archival media electronic media for ERIC archival collection reproduction and dissemination in microfiche only
(e.g. electronic) and paper copy. subscribers only
o “ttp://ericfac.piccard.csc.com/reprod.html 4/23/00

ERIC

Aruitoxt provided by Eic:



Reproduction Release . Page 2 of 3

t .

Documents will be processed as indicated provided reproduction quality permits.
If permission to reproduce is granted, but no box is checked, documents will be processed at Level 1.

I hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and
disseminate this document as indicated above. Reproduction from the ERIC microfiche, or electronic media by persons
other than ERIC employees and its system contractors requires permission from the copyright holder. Exception is
made for non-profit reproduction by libraries and other service agencies to satisfy information needs of educators in
response to discrete inquiries.

Printed Name/Position/Title:

T B VOTED E Ja Wl Sl i TR

Organization/Address: Telephone:

\ Fax:
\k{\\\wsi\««\ X Coediee) Vheeed o[ o72- 8233230 || fo7-823 54
?‘D %@X{ / b)&s (& E-mail Adc‘iress: » A Dzste: . ’ a
O ewdoy X 1. 3290 —/250 Dt He @ pmad. uetkde, Q}Dé\) 3‘75 S0

)

III. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE):

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from
another source, please provide the following information regarding the availability of the document. (ERIC will not
announce a document unless it is publicly available, and a dependable source can be specified. Contributors should also
be aware that ERIC selection criteria are significantly more stringent for documents that cannot be made available through

EDRS.)

Publisher/Distributor:

Address:

Price:

IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER:

If the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate
name and address:

Name:

Address:

V. WHERE TO SEND THIS FORM:

o "ttp://ericfac.piccard.csc.com/reprod.html 4/23/00




Reproduction Release N Page 3 of 3

« >

Send this form to the following ERIC Clearinghouse:

However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the

document being contributed) to:
ERIC Processing and Reference Facility
4483-A Forbes Boulevard
Lanham, Maryland 20706
Telephone: 301-552-4200
Toll Free: 800-799-3742
e-mail: ericfac@inet.ed.gov
WWW: hittp://ericfac.piccard.csc.com
EFF-088 (Rev. 9/97)

o “ttp://ericfac.piccard.csc.com/reprod.html 4/23/00




