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English Abstract

High quality data provide sound bases for policy making and management
decision. It is, therefore, the primary purpose of this project to develop a
comprehensive higher education data system in Taiwan. Upon completion, this system
will provide various kinds of data, ranging from institutional characteristics, finance,
staffing, facilities, curriculum offerings, to student demographic backgrounds,
gualifications, attitudes, participation in school activities, classroom experience,
performance, degree completion, and development after graduation. These data will
become valuable resources for research and evaluation studies to address a variety of
issues relating to, for example, the efficiency of educational practices, the quality of
instruction, and the learning and other development of students. The resulting
databases, together with derived statistics and study reports, will be posted at a
specially designed Web site for the genera public as well as researchers and
policy-makers to optimize the value of the data system.

This project is a three-year project. The first year’'s work focuses on the
following tasks. a) developing working relationship with various offices of the
Ministry of Education; b) communicating to universities and colleges the justification
for this project and soliciting their cooperation; ¢) setting up the computer and
network system for data collection and dissemination; d) designing and implementing
surveys of three student cohorts — freshmen, juniors, and the previous years college
graduates; and €) designing the integrated institution-based data collection forms. This
report summarizes the progress of this year’s project. Specific products are described
or attached in the appendices.

Key words. higher education database, institutional research, higher education
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Complex Sample Design and
Its Implications for Analysis

SAMUEL S. PENG
National Tsing Hua University



Questions:

Prof. Wang wanted to know how much time middle schooal
students spend on computer games each day. He
developed a questionnaire and asked a few school teachers
he knew to administer the questionnaire to their classes.
About 50% of those students responded the questionnaire.
Based on the data, Prof. Wang claimed that middle school
students in Tailwan on average spend one and one-half
hours on computer games each day, and boys spend more
time on computer games than girls..

Are there any problems with Prof. Wang' study? What are
they, and why?




Problems

Population? -- -- middle school studentsin

Representativeness of the sample? — from afew
school teachers he knew (not random); cannot be
general i adelv cdimol ¢eastiad ioagati on.

| ndependence of sample cases? — class as the unit
of sampling. Students in the same class are not
Independent to each other.

Response bias? — 50% response rate. No bias
analysis. No adjustment.




Two Types of Survey

Universe/popolation survey — census

Survey involves all casesin adefined group (e.g.,
people, things, organizations) -- the population.
Results of the survey are true population values.

Sample survey

Survey involves a sample of cases selected to
represent the population.

Sampl e statistics are used to estimate the
population values.




Advantages and Disadvantages of
Universe/Population Survey

Example: national, county-wide, or school-wide survey of
schools, teachers or students.

Advantages

- Only source of error is non-sampling error, no need to
use inferential statistical techniques,

- Observed differences are real differences,

- Changes over time are real changes.
Disadvantages

- If population islarge, survey is expensive;

- Need a complete list of casesin the population




Advantages and Disadvantages of
Sample Survey

Example: National or country-wide sample survey of schools, teachers
and students

Advantages

- Cost effective (less expensive)

- Faster (fewer cases to deal with)

- Likely to yield higher response rates with intensive follow-ups
- Likely to yield high quality data with intensive follow-ups
Disadvantages

- Need to design an effective sample

- Need to use inferential statistical techniques

- Need to account for sampling error

- Sample may be too small for certain subgroups




Sampling characteristics

Representative (unbiased)

Random selection (selection with equal
probability)

Non-response bias
Sampling error
Sample size
Efficient sample design and selection process




Types of sample design

Simple sample design -- Selection with
equal probability

Simple random sampling

Stratified random sampling
Complex sample design -- Selection with
unequal probability

Multi-staged complex sampling

Stratified and clustered




Design of National Surveys

National individual-based surveys (e.g.,
student, teachers, principals, parents) are
usually sample surveys, primarily because
of population size and cost consideration.

National surveys generally need to employ
a complex sample design, highly stratified
and clustered.




Features of Complex Sample Design

Stratification

Separate group estimates, Reduce sampling
variance

Clustering

No sampling frame; Efficient field work;
L owering expenses

Over-sampling (selection with unegual
probability)

Enough sample to analyze;
Reliable estimates of parameters




Complex Sample Design —e.g., high
school student survey

Stratify schools by community, public/private, size, and %
of minorities — create strata
Within each stratum, schools are randomly selected with

certain probabilities. Schools in some strata may be
selected with higher probabilities.

Students within each selected school are selected with
certain probabilities. Some students may be selected with
higher probabilities. Students are clustered (nested) within
each school.

Overall, students are selected with unequal probabilities,
and are not independent to each other.




lmplications of a Complex
Sample Design

Unequal probability of selection -- requiring
the use of sampling weights

Clustered (lack of independence of sampled
cases — e.g., selecting the entire class of
students) -- requiring special methods for
variance estimation




What |s Sampling Weight?

In a ssimple random sample design, each case is selected with an
equal probability -- each selected case is representing an equal
number of casesin the population.

In a complex sample design, each case may be selected with a
different probability -- each selected case may be representing a
different number of casesin the population.

Sampling weight is the number of cases in the population the
selected case Is representing; i.e., the inverse of the selection
probability.

For example, if astudent is selected by 1 out of 10 students, the
selection probability is 1/10, and the sampling weight is 10. In
most surveys, the sampling weights are adjusted for non-
respondents.




Some Features of Sampling Weight

>.w, =N (population size)

ij/n =w (mean weight)

w / w = Rw, (rlative weight, or normaized weight)

Use Rw; in regression analyses.



Use of Sampling Weights

= |n computing statistics, sampling welghts are used. For
example, the mean of avariable (x]) Is calculated as
follows: :
QW xj/ZWj = X (weighted mean)

m If wl.....wj] =c(inthe caseof smplerandom design),
then



Use of Sampling Weights (cont’)

This shows that in the ssimple random design, there is no need to
use the sampling weights in analyses because they are all the
same constant..




Example 1

Case Response Weight Case Response Weight

1 1 20 6 0 20
2 0 10 I 1 o0
3 1 30 3 0 30
4 1 20 9 1 10
S 0 30 10 1 20

Unweighted mean = (1+0+1+1+0+0+1+0+1+1)/10 =0 .600
Weighted mean =1* 20+0* 10+1* 30+1* 20+0* 30+0* 20+1*50
O* 30+1* 10+1* 20/240 =0.625




Example 2

Minority White
N 100 900
U 70 90
Mean of total population = (100)(70) + (900)(90)/1000 =88
n 90 90
mean 70 90
weight 1/(50/100) = 2 1/(50/900) =18

Unweighted mean of pop. = (50)(70) + (50)(90)/100 = 80
Weighted mean of pop. = (2)(50)(70) + (18)(50)(90)/1000
=88




Summary of Weighting

In calculating the unweighted mean, some groups
(e.g. minorities in the example that were selected
with a higher probability) are being given too
much weight in the computation (more than their
share of representation in the population). Thus,

their statistics will be biased.
Weights bring subgroups back to the right

proportions to the population, thus using weights
will produce unbiased estimates.




How to Use Welghtsin SAS and
SPSS

Use WEIGHT statement In SAS
WEIGHT BY i1n SPSS

(It should be noted that some high-level statistical
analysis programs, e.g., factor analysis, structural
equation analysis, may not be able to handle
sampling weights. Y ou may generate weighted
variance-covariance matrix first and then use that
as input for the analysis. )




Calculating Variance of Complex
Sample Data

Methods
- Taylor series expansion (T)
- Replication techniques (R)

Jackknife
Balanced repeated replications
Software
- SUDAAN (T) - AM software (T, R)

- WESVAR (R) - Stata(T)




Approximation Method - Use of Design
Effect

(Var-1) -- Variance of adependent variable produced by
SPSS or SAS (assuming simple random sample design).

(Var-2) -- Variance of the same dependent variable
produced by special software for analyzing complex
sample survey data (e.g., SUDAAN, WestVar, Stata, AM).
Thisisthe exact variance.

Var-1 tends to be smaller than Var-2 because of clustering
effect.

Theratio of Var-2to Var-1 (var 2/varl) isthe design effect
(DEFF).




Approximation Method - Use of Design
Effect (continued)

Look up the DEFF for the dependent variable
from the data file user’ s manual or other
methodological documents (use the mean or
median DEFF if the DEFF for the selected
dependent variable is not available), then the
proper variance (Var-2) can be estimated as
follows:

(Var-2) = Deff x Var-1, where Var-1 isthe
one produced by SPSS or SAS.




Significance Testing Using Design
Fffort

L1 1 \L\UUL

Find a proper design effect (DEFF) from the
document for the dependent variable.

Adjusting thet statistics by dividing it by the
squared root of DEFF

Adjusting the F statistics by dividing it by DEFF

(All assume that DEFF is provided by the database
producer. Database producers should provide such
Information to facilitate the use of the data.)




Regression Analysis

Prefer the use of correct software (e.g., AM, SUDAAN,
WESTVAR)

Alternative option — approximation method:

- Find a proper design effect measure (DEFF) from the
document for the dependent variable.

- Obtain relative (normalized) weight for each person by

dividing his’/her raw weight by the mean of weights and
DEFF.

- Use therelative weights in analysis to get estimates




Summary

Unequal sample selection probability — needs to
use sampling weights to get unbiased statistics
such as means, proportions, correlation
coefficients.

Clustered sampling (e.g., multi-level nested
design) — needs special software to compute
variances or make adjustment using design effect.

Proper analyses of complex sample data have to
meet these two needs.




Another Problem of Analyzing
Survey Data -- Non-response (missing data)

Total non-response (did not respond or participate
In the survey) — can be adjusted by sampling
weights
|tem non-response (missing data)

Recode missing data codes for analysis

| mputations for missing data

Non-response bias analysis (NCES standard — more
than 20% of cases with missing data)

Pair-wise v. list-wise deletion in regression analysis




|mputation of Missing Data

Apply logical imputation — e.g., use other data
source

Replace missing data with subgroup means

Replace missing data with projected score using
complex regression function

Replace missing data with randomly selected
response from a homogenous subgroup.

Use multiple imputation method
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(Applications of Data
System)
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(I nformati on)




? (Data provide a basis for

decision-making)

(supportlng evidence for a
decision or policy — e.g., existing financial aid program
to low income students is a good policy because too
many students cannot afford the education)

(identify the need for a decision or
new policy — e.g., too many students cannot afford the
education so we need a policy to lower the tuition or
provide financial aid to low income students)

(evaluate the degree of
Implementation and the impact of a decision or policy —
e.g., Does the financial aid program really help low
Income students?)

| —



?

National comprehensive data are collected,
and

such data must be of high quality,
easily accessible,

well documented for users, and
continuously updated and enriched.

| —



(comprehensiveness)

(ti mel il ness)
(accuracy)
(compl et eness)
(rel i abi l i1 ty)
(val i di ty)

m



2 . (made data easily available)

e Produce a collection of education statistics and
posted them in a Website that can be easily
retrieved.

e Structured national databases in a user friendly
format together with user’s manual for
researchers and analysts.

e Conduct seminars on the use of national
databases for research and policy discussion.

| —




3.

* A key to this goal Is that the government
must have the commitment to maintain
comprehensive and high-quality
databases and to promote effective use
of these data so that data could make
significant contribution to policy-making
and program planning.

| —
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(reseoarceéent
dat abase)

Early Childhood longitudinal Study — Kindergarten and Birth Cohorts

High School and Beyond (a longitudinal study of 1980 high school
sophomores and seniors)

National Assessment of Educational Progress

National Education Longitudinal Study of 1988 eighth graders
National Household Education Survey (on various topics)
National Postsecondary Student Aid Study

Baccalaureate and Beyond (a longitudinal study)

Beginning Postsecondary Students study (a longitudinal study)
National Study of Postsecondary Faculty

Schools and Staffing Survey

The third International Mathematics and Science Study

| ——



(purpose of Taiwan higher education data
system)




(Guidelines for building the data system)




(components of the data system)

Base-line data

- 2003 Freshmen 200(52,0023007, 2009
— 2003 Juni or (2003, 2005, 2007
— 2002 graduates (2003, 2005
New | ongitudinal study cohort

— 2006 Freshmen 200(8,0026010, 2011)

m
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(education information) — derived from
data, message or story told by data.

(education data) — measures or
responses from individuals, institutions, or
groups of individuals and institutions.
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Why? Because data are knowledge.

In a democratic society, policies and
management decisions at the national,
state, and local levels must be supported
by strong evidences based on objective
data.

There Is no exception in education.



Inputs

(individual) (gr c

Processes Outputs

(What was provided)

Supplies

Funding

Teacher quality
Facility/equipment
Technology

Student background
etc.

(What & how was done) (What was produced)

teaching practices parents’ satisfaction
homework students’ attitudes
school climates performance
curriculum student behavior
extra-class activities test scores
etc. % promoted

etc.



- e.g.,
background information, test scores, courses
taken, etc.

- eg.,
Total number, mean, median, mode, range,
standard deviation, percentage, proportion,

ratio, correlation coefficient, regression
coefficient, standard error, t- and F-ratio, etc.



(input, process, and output)
(differences)

(trend, change)

(Impact, conseguence)
(relationship)

— e.g., identifying factors of or reasons for certain
teacher and student performance.

-- describing the progress and results of certain
programs or practices, and identifying areas of need for
Improvement.



?

(supporting evidence for a
decision or policy — e.g., existing financial aid program
to low income students is a good policy because too
many students cannot afford the education)

(identify the need for a decision or
new policy — e.g., too many students cannot afford the
education so we need a policy to lower the tuition or
provide financial aid to low income students)

(evaluate the degree of
Implementation and the impact of a decision or policy —
e.g., Does the financial aid program really help low
Income students?)



-- at the

federal government level

|d

entify problems which shapes future

policies — e.g., A Nation as Risk presented a lot
of information on teacher quality, high school
curriculum, and student performance, and called
for education reform.

M

onitors the status and trend of student

achievement — e.g., National Report Card is
used to assess the result of education reform.

A
St
al

locating resources — e.g., projection of
udent enrollment in each state for federal fund

ocation, projection of college student financial

needs for federal student financial aid budget.



-- at the
Institutional level

Management and program decisions — e.g.,
student recruitment, tuition increase, and
program offerings need supporting evidences
obtained from analyses of timely and reliable
data.

Thus, most colleges and universities have an
Institutional research office to collect, analyze,
and interpret quality data.

Most institutions also conduct peer analyses to
identify their own strengths and weaknesses.



ompi |l ation of statis
orts),

(I nput, process, and ou
(di fferences)

(trend, change)

(Il mpact, conseqguence)
(rel ati onshi p)

(raw




-e. g.,

directory informati on
condition of educati on
assessment of educational progres
di gest of education statistics (a

statistics tabl es)

a glance of education (a coll ecti
|l ssue reports

(raw data) - e. g.,
Common core of data
Schools and staffing survey
Early childhood | ongitudinal stud\
| ntegrated postsecondary educati or



?

National comprehensive data are collected,
and

such data must be of high quality,

easily accessible,

well documented for users, and
continuously updated and enriched.




(comprehensiveness)

(t1 mel il ness)
(accuracy)

(compl et eness)
(reli abi 1 ty)
(val 1 di ty)
(represent)ati ven:



(made data easily available)

Produce a collection of education statistics and
posted them in a Website that can be easily
retrieved.

Structured national databases in a user friendly
format together with user’'s manual for
researchers and analysts.

Conduct seminars on the use of national
databases for research and policy discussion.




(national commitment)

A key to this goal is that the government
must have the commitment to maintain
comprehensive and high-quality
databases and to promote effective use
of these data so that data could make
significant contribution to policy-making
and program planning.




Have an office in charge of data collection,
analysis, and reporting — in addition to the
National Center for Education Statistics and the
National Center for Research, most program
offices have a unit to support some research and
evaluation for their own programs.

Maintain national databases to describe and
monitor the condition and change of education,
and to facilitate educational research.



-- Maintain national databases to
COVer various topics

Schools and Staffing
Early Childhood Longitudinal Study
National Longitudinal Study of High School Students

Integrated Postsecondary Education Data System
(IPEDS)

National Postsecondary Student Aid Study

National Study of Postsecondary Faculty

Beginning Postsecondary Student Longitudinal Study
Baccalaureate and Beyond



-- Maintain high data quality and
promote the use of data

Routinely or periodically update national databases.

Develop data quality standards in terms of data definition,
sampling strategies, data reliability, validity, response
rate, and analysis strategies by technical committee.

Create user-friendly data files for public dissemination.

Conduct training seminars on the use of these
databases for researchers from higher education
Institutions, state and local education agencies, and
professional organizations.



--Data are systematically analyzed
to provide information for decision-making?

Many policy-relevant analyses using the national
databases are conducted by analysts and
researchers. These analyses can be broadly
grouped into two categories: 1) need
assessment, and 2) impact studies.

A need assessment is to identify areas for
program improvement or new policies.

An impact study Is to evaluate the extent of
implementation of, and the performance or
outcome resulting from, a program or a policy.



--Need assessment

The analysis could be descriptive in nature, describing group
differences in status and condition such as college access and
completion rates by subgroups or among peer institutions.

The analysis could also be performed to monitor the changes over
time and to describe the extent to which standards have been met.

Many institutions conduct such analyses annually to provide the
information basis for decisions such as planning student recruitment
strategies, financing alternatives, and course offerings.

The institutional accreditation review and program evaluation also
need such descriptive information. These review and evaluation will
point out areas where the institution fails to meet the standards and
where they must improve.



-- Impact studies

For example, Title IV programs are to
assist financially needy students to access
and complete college education. The
National Postsecondary Student Aid Study
provides data and analyses to evaluate
the impact of these programs in terms of
access, choice, and completion as well as
to evaluate the efficiency of program
operation and administration.



-- Summary

In the U.S., the state and federal governments have
devoted a considerable effort to the development of
large-scale databases.

These data are then used to describe the condition of
education, identify the need for improvement, or assess
the impact of a program or policy.

The resulting information of these analyses becomes a
basis for informed decision-making.

Thus accurate, timely, and reliable data play a critical
role in the policy-making process at the institution as well
as the government level.



Implications for Tailwan’s pursuance for
excellence in education

Education policies and program decisions
should be based on evidences derived from
comprehensive quality data.

The government should set an example in this

endeavor and make a long-term commitment

to the development and dissemination of
national education databases and statistics, and
national research studies

The government should develop and maintain a
comprehensive and efficient education
Information system.



A comprehensive and efficient
education information system



Q&A’s

Thank you!



