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characteristics of individual dependent variables
and prudent consideration of the major modeling
issues.

In the next section, traditional data analysis
methods are critically reviewed. Then discussed
are limited dependent variables, causal structure,
endogeneity, and the missing data problem.
From section 4 through 6, the propensity score
matching, treatment effect model, and recursive
bivariate probit model are suggested as
alternatives to deal with the modeling issues.
Section 7 illustrates how individual methods
estimate the treatment effect, compare their
results, and summarize major findings followed
by suggestions for future research.

2. Review of Traditional Approaches

Traditional approaches implicitly assume a
simple unidirectional causality and random
sampling; ICT use is determinant and samples
are drawn randomly in experimental settings.'
This section reviews three methods that are
commonly used in the ICT literature.

2.1. T-Test (ANOVA)

The t-test compares the means of two groups.
Analysis of variance (ANOVA) can compare
more than two groups and also consider
interaction effects among factors. These linear
models have two underlying assumptions:
normality and equal variance. Violation of the
normality assumption calls for nonparametric
methods, while unequal variance necessitates the
approximation of the degrees of freedom.

This t-test (or ANOVA), largely due to its
simplicity and easy interpretation, is frequently
used to examine how ICT (e-government) use
makes a difference. For example, Scott (2006)
employs ANOVA to compare public
involvement indices, which are developed from
the content analysis of municipal government
websites. The t-test can also analyze a binary
response variable since the mean is interpreted as
the proportion of the total.”

In an independent sample t-test, the two
groups are implicitly assumed to have same

! This paper focuses on quantitative (econometric) methods
excluding such as content analysis, descriptive methods,
nonparametric methods, and chi-squared test.

? In fact comparison of proportions should be based on the
binomial probability distribution. When sample size is
sufficiently large, however, both binomial and t distributions
are approximated to the normal distribution, leaving no
substantial difference in the effect size and interpretation
between comparing proportions and means.

characteristics except for the treatment. Thus, the
effect, if any, is assumed to come from the
treatment only. If covariates need to be
controlled, analysis of covariance (ANCOVA),
which bridges ANOVA and the linear regression
model, is used instead.

2.2. Linear Regression Model

The classical linear regression model, called
ordinary least squares (OLS), has been also
widely used across disciplines. Jennings and
Zeitner (2003), Uslaner (2004), and Welch and
Pandey (2007) fit least squares estimators to
analyze civic engagement, social capital, and
website effectiveness and service quality of an
organization. In OLS, the treatment effect is
typically estimated using the least squares
dummy variable model (LSDV). This is a fixed
group effect model in a panel data setting [2,
13].? The functional form is

Y =x + d+
where /is the coefficient of the dummy variable
d; x is a vector of regressors (including the
intercept) other than d; is a vector of
coefficients; and Ois disturbance (error term).
The parameter estimate /is the effect of ICT use
(e-government use).

OLS is more informative than the t-test
because it enables researchers to analyze the
extent that individual independent variables
affect the dependent variable. In LSDV, the
treatment effect / shifts the regression line
vertically without influencing the slopes of
regressors. The simple causal structure of OLS is
easy to understand but vulnerable to critiques.

Among the key OLS assumptions is that
regressors including d are not correlated with the
disturbance O All regressors are exogenous or
given from outside of the equation system. If
some independent variables are endogenous or
determined within an equation system, OLS
estimates are biased and inefficient. The
instrumental variable (IV) approach is often
employed to deal with this endogeneity.
However, it is not always easy to get good
instrumental variables, which are highly related
to problematic regressors and not related to the
disturbance O

If researchers posit an equation system with
endogeneity and simultaneity, the simultaneous
equation model (SEM) and seemingly unrelated

* This paper excludes advanced regression models associated
with heteroscedasticity (random effect), autocorrelation, and
time-series issues.









