APPENDIX: HOW TO READ A REGRESSION TABLE

National accounts, social indicators, and other data have been accurnulating for most less de-
veloped couniries for more than 40 years. Writers on development frequently apply the tech-
nique of multiple regression to these data to estimate what they believe are underlying behav-
joral relationships arong various economic, political, and social variables. They report their
results in regression tables. '

A pumber of selections in this book contain regression tables. Fortunately, lack of training
in econometrics or statistics need not prevent the reader from understanding the important
economic (as opposed to statistical) information contained in a regression table. The purpose
of this Appendix is to show the untrained reader how to extract this information, using as an
illustration a table adapted from the widely cited paper by Robert J. Barro, “Economic
Growth in a Cross Section of Countries,” Quarterly Journal of Economics 106 (May 1991):
407-43. The presentation applies to multiple regressions performed using a method called or-
dinary least squares, but the most important aspects of the discussion carry through even if
other methods were used. '

A regression table is read one column at a time. Each column reports an estimated relation-
ship between the values of a dependent variable, y;, and the values of a set of explanarory
variables, x;;, Xa, . . - Xgi, Where [ indexes observations and K is the number of explanatory
variables. This estimated relationship takes the form

y;=b0+b1xﬁ+b2x25+ Ve +beKi+ei (AI)

where the number by, is the constant or intercept, the numbers by, b, . . . , by are the estimat-
ed coefficients, and e; is the residual. The quantity by + byxy; + boxy; + . . . +bgAy; is the pre-
dicted value of the dependent variable for observation Z, so called because it gives the value of
the dependent variable we would predict for observation i given knowledge of the values of
the explanatory variables for observation i. It follows that the residual is simply the difference
between the actual value of the dependent variable and its predicted value for each observa-
tion. By construction, the average or mean of the predicted values taken over all observations
equals the mean of the actual values; equivalently, the mean of the residual is zero. As a con-
sequence, if we know the estimated coefficients and the means of the dependent variable and
the explanatory variables, we can compute the constant:

bg = y —‘blii —‘ szz e —bKiK ) (AZ)

where the bar over a variable denotes its mean.

The estimated coefficients are the same for all observations because they aré supposed to be
estimates of underlying behavioral relationships between the dependent variable and the ex-
planatory variables. The estimated coefficient &y, for example, tells us that a ope-unit increase
in the value of the explanatory variable x; should cause the value of the dependent variable to
increase by by units, holding the values of all other explanatory variables constant. These esti-
mated behavioral relationships are the most important economic information contained in a
regression table.

With these preliminaries out of the way, we now turn to Table 1. In all regressions reported,
an observation consists of the values of the dependent variable and the explanatory variables
for one country for one time period. The number of observations used to estimate the coeffi-
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Table 1. Regressions for per Capita Growth

(D) 2 (3) @

Dep. var. GR6E085 GR7085 GR6085  GR608S5
No. obs. 98 98 98 93
Const. 0.0302 0.0287 0.0288 0.0345
(0.0066) (0.0080) (0.0065)  (0.0067)
GDP60 —-0.0075 -0.0089 00073  -0.0068
(0.0012) (0.0016) (©.0011)  (0.0009)
SEC60 0.0305 0.0331 0.0254 0.0133
(0.0079) {0.0137) ©.01100  (0.0070)
PRIM60 0.0250 0.0276 00324  0.0263
(0.0056) (0.0070 (0.0077)  (0.0060)
SEC50 — —_ 0.0183 —
{0.0121)
PRIM50 — — -0.0085 —
' (0.0064}
&y -0.119 -0.142 -0.121 —0.094
(0.028) (0.034) 0027  (0.026)
REV —(0.0195 -0.0236 -0.0189  -0.0167
(0.0063) (0.0071) 0.0060)  (0.0062)
ASSASS -0.0333 —0.0485 -0.0298 -0.0201
(0.0155) (0.0185) 00130 (0.0131)
PPIGODEV ~ —0.0143 ~0.0171 00141  -0.0140
(0.0033) (0.0078) (0.0052)  (0.0046)
AFRICA — — — -0.0114
{0.0039)
LAT.AMER. — — — -0.0129
. : (0.0030)
B 0.56 0.49 0.56 0.62
& 0.0128 0.0168 00129 00119

Source: Barro (1991), pp. 410413,

cients in each regression therefore equals the number of countries included in the analysis.
(Barro included all countries for which data were available. They are listed in Appendix 3 of
his paper.) In some regression tables in this book more than ove time period per country is
used in the estimation, so that the number of observations equals the number of countries mul-
tiplied by the number of time periods. In general, however, the units of analysis need not be
countries. For example, in the regression tables included in Selection X.4 by Hettige et al., the
units of analysis are manufacturing plants, and each observation consists of the values of the
dependent and explanatory variables for one plant.

Let us focus on column (1). The dependent variable (dep. var.) is GR6085. (I the depen-
dent variable were the same for all regressions it would be described completely in the title
of the table rather than listed column by column.) We see from Table 2 that GR6083 is de-
fined as the growth rate of real per capita GDP from 1960 to 1985. From Table 3 we see that
the mean of GR6083 is 0.022: on average, per capita GDP grew by 2.2 percent per year from
1960 to 1985 in the sample of countries used in the estimation. Moving down column (1), we
see that the number of observations (No. obs.) is 98: 98 countries are included in the sample.
Next we see that the value of the constant (Const.) is 0.0302. Underneath this value is an-
other pumber in parentheses. We will ignore all numbers in parentheses for now. After the
constant begins the list of explanatory variables, all of which are defined in Table 2 and have
sample means and standard deviations reported in Table 3. For example, GDP60 is defined
as the 1960 value of real per capita GDP, and its mean is $1,920. The estimated coeffi-
cient for GDP60 is —0.0075. Moving down column (1), we can fill in all the explanatory vari-
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Table 2. Definitions of Variables in Tables 1

GR6085 (GR7085): Growth rate of real per capita GD¥
from 1960 to 1985 {1970 to 1985).

GDP60 (GDP70, GDP85): 1960 (1970, 1985) value of
real per capita GDP (1930 base year). :

g°/v: Average from 1970 to 1985 of the ratio of re
government consumption (exclusive of defense and
education) to real GDP.

SECS0 (SEC60): 1950 (1960} secondary-school
enrcllment raie.

PRIMS5Q (PRIM60): 1950 (1960} primary-school
enrollment rate.

REV: Number of revolutions and coups per year
(1960-1985 or subsample).

ASSASS: Number of assassinations per million
population per year (19601985 or subsample).

PPIGODEV: Magnitude of the deviation of 1960 PPP
value for the investment deflator (1J.S. = 1.0) from
the sample mean.

AFRICA: Dummy variable for sub-Saharan Africa.

LAT. AMER.: Dummy variable for Latin America.

Source: Barro (1991), p. 439,

ables and their estimated coefficients plus the dependent variable in equation (Al) above,
obtaining '
GDP6085; = 0.0302 - 0.0075(GDP60;) -+ 0.0305(SEC60;) + 0.0250{PRIM60,)
—0.119(g%y); — 0.0195(REV;) — 0.0333(ASSASS))
—0.0143(PPI6ODEV,) + ¢; ' (A1)

As an exercise, the reader may also want to use the means reported in Table 3 to verify that
equation (A2) above holds given the numbers reported in column (1). Note that no coeffi-
cients are reported in column (1) for SEC50, PRIM50, AFRICA, and LAT. AMER. These ex-
planatory variables were not included in the regression of column (1) but are included in sub-
sequent regressions. ' '

As we stated above, the coefficients in equation (A1) are supposed to be estimates of un-
derlying behavioral relationships. Thus the coefficient on SEC60 indicates that an increase n
a country’s 1960 secondary-school enrollment rate of 10 percentage points (0.1) would raise
its per capita GDP growth by roughly 0.3 percentage points (0.0305 % 0.10 = 0.00303}, all
else equal. One common way to estimate the strength of a behavioral relationship is to ask
how much effect an increase of one standard deviation in the explanatory variable bas- on the
dependent variable. From Table 3 we see that the standard deviation of GDP60 is 1.81
($1,810). Thus an increase of one standard deviation in GDP60 would reduce a country’s per
capita GDP growth by roughly 1.4 percentage points (-0.0075 < 1.81 = —0.0136).

Continuing down column (1), we next see a value reported for R, R is the correlation coef-
ficient between the actual and predicied values of the dependent variable. R? can be shown (o
equal the share of the variation of the dependent variable about its mean that is accounted for
by the explanatory variables rather than by the residual. Ali else equal, the higher is R? the bet-
ter. The number 0.36 in column (1) indicates that 56 percent of the variation in GR6085 can
be “explained” by GDP60, SEC60, PRIMGO, gy, REV, ASSASS, and PPIGODEV.

6, sometimes labeled the standard error of estimate {s.e.e.), is the standard deviation of the
actual value of the dependent variable from its predicted value, adjusted for the pumber of ex-
planatory variables included in the regression. One can think of & as the typical prediction er-
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Table 3. Means and Standard Deviations of

Variables

Variable - Mean o3
GR608S 0.022 0.019
GR7085 - 0.016 0.023
GDP60 ($1,000) 1.92 1.81
gty 0.107 0.053
SEC50* 0.10 0.14
SECH0 : 0.23 0.21
PRIMS0" 0.63 0.39
PRIM60 0.78 0.31
REV 0.18 0.23
ASSASS 0.031 0.086
PPIGODEV 0.23 0.25
AFRICA (dummy) 0.276 0.449
LAT. AMER. (dummy) 0.235 0.426

“Sample of 95 countries.
*Sample of 97 countries.
Source: Barro (1991}, p. 438.

ror. All else equal, the lower is & the better. The number 0.0128 in column (1) indicates that
the typical prediction error for GR608S5 is roughly 1.3 percentage points, or slightly more than
half its mean value.

In column (2) of Table 1 the dependent variable is changed from GRE085 to GR7085 but
all the explanatory variables are kept the sarme. Comparing the estimated coefficients be-
tween columns (1) and (2), we can see that the relationships found for GRO08S are robust to
a change in the time period over which growth is computed from 1960-1985 to 1970-1985.
Tn column (3) the dependent variable is again GR6085, but two explanatory variables, SEC50
and PRIMS0, have been added to the sct used in column (1). We will discuss the regression
results reported in column (3) later. In column (4) two dummy variables, AFRICA and LAT.

- AMER., have been added to the set of explanatory variables used in column (1} A dummy

variable is a variable that takes the value 1 if a certain relationship is true (e.g., a country is
located in Latin America) and 0 if that relationship is false. The estimated coefficients on
dummy variables are especially easy to interpret: the numbers reported in column (4) indi-
cate that, all else equal, a country’s per capita GDP growth is 1.1 percentage points lower if
it is located in sub-Saharan Africa and 1.3 percentage points lower if it is located in Latin
America. Note that inclusion of these two dummy variables reduces the coefficients on most
of the other explanatory variables (in absolute value) compared with column (1), indicating
that some of their effects were actually attributable to special characteristics of Africa and
Latin America.

We now turn to an explanation of the numbers in parentheses reported in each colurnn un-
derneath the constant and estimated coefficients. These are called the standard errors of the
constant and estimated coefficients. We will denote by s; the standard error of the estimated
coefficient b;. To understand the economic information copveyed by these standard errors we
first need to introduce the idea that the regression (A1) can be thought of as an estimate of an
unobserved “true’” model (A3):

yi=Bo+ Bixn+ Boxa +. ..+ Brot; + & (A3

where the numbers By, Bi, Bo, . . ., Br are the parameters of the model (the “true” constant and
“true” coefficients) and &; is the error term that accounts for random variation in the depen-
dent variable that is not captured by the explanatory variables. We can then ask, what do the
estimated constant and coefficients tell us about the values of the model parameters?
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. The answer is that, under certain assumptions, we can be roughly 95 percent confident that
the frue parameters are within 2 standard errors of their estimates. We can thus think of 25; as
the “margin of error” for the estimate b;. More precisely, we can state with a 95 percent degree
of confidence that the value of f; lies within b; — 1.96s; and b; + 1.96s;:

bj - 1.965}- < Bj’ < bj 4+ 1.96Sj (A4)

(A4) gives us the 95 percent confidence interval for the parameter [3;. The smaller is the stan-
dard error s;, the narrower is the confidence interval, and the more information we can be said
to have about the value of ;. Ninety-five percent is the most common conventional level of
confidence; the other conventional levels are 90 percent and 99 percent. To construct a 90 or
99 percent confidence interval we replace the number 1.96 in (A4) with 1.645 or 2.576, re-
spectively. Note that greater confidence is associated with wider intervals, as we would
expect.

For the interested reader we will indicate here how the confidence interval {A4) can be de-
rived formally; other readers can skip this paragraph without loss of continuity. We begin by
making the assumptions that g; is uncorrelated with the explanatory variablés, is uncorrelated
with itself across observations, and is normally distributed with mean zero and constant vari-
ance (i.e., the sampling distribution for g; follows the same bell-shaped curve centered around
zero for all #). Under this assumption it can be shown that (b; — B;)/s;, the ratio of the difference
between an estimated coefficient and the corresponding parameter to the standard error of the
coefficient, follows a ¢ distribution with n-K-1 degrees of freedom, where » is the number of
observations used in the regression. For most regressions reported in the selections in this
book the number of observations relative to the number of explanatory variables is sufficient-
Iy large that the ¢ distribution with infinite degrees of freedom (i.e., the normal distribution
with mean 0 and variance 1) is an excellent approximation to the true ¢ distribution. Ninety-
five percent of the mass of this distribution falls within ~1.96 and +1.96, so the probability
that (b; — [3;)/s; falls within —1.96 and +1.96 equals 0.95. Put differently, we can state with a 95
percent degree of confidence that

b.— B
~1.96< Gi-B) <+1.96

Si

Multiplying this inequality by s; thronghout, we get
M1.96SJ' < (bj - Bj) < +196SJ

Subtracting b; from all sides, multiplying throughout by -1, and swiiching the sides around
yields (A4) above. )

We now return to column (1) of Table 1 and reconsider our estimate of the effect of an in-
crease in SEC60 of 10 percentage points on GR6085. Using (A4), we can find the 95 percent
confidence interval for the “true” coefficient on SEC60: .

0.0305 — 1.96(0.0079) < Bsgeeo < 0.0305 + 1.96(0.0079),
or 0.0150< BSEC()O <0.0460 (A4’)

Using (A4") we can compaite that the “true” model yields an effect of a 10-percentage point
increase in SEC60 on GR6085 that lies within 0.15 and (.46 percentage points. Our earlier es-
timate of 0.305 percentage points is, of course, the midpoint of this interval.

From {A4) we can see that, if b; is positive, then if b; > 1.96s; or bfs; > 1.96 we can be (at
least) 95 percent confident that P; is positive. Similarly, if b; is negative, then if |b} > 1.96s, or
|b|/s; > 1.96 we can be (at least) 95 percent confident that {3, is negative. Put differently, if the
absolute value of the ratio bfs; exceeds 1.96, we can be 95 percent confident that explanatory
variable j has some impact on the dependent variable in the direction indicated by the estimat-
ed coefficient. If we cannot be at least 95 percent confident (or, sometimes, at least 90 percent
confident), it is conventionally argued that explanatory variable j should not be considered to
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be part of the “true” model (A3). For this reason the ratio byfs;, known as the f statistic for the
coefficient b, is often reported in regression tables in parentheses underneath the coefficiens
instead of 5;. Note that if ¢ statistics are reported instead of standard errors, the standard errors
can be recovered by dividing the estimated coefficients by their # statistics. (It is customary to
state that, if the absolute value of the ¢ statistic for b; exceeds 1.96, we can reject the hypothie.
sis that B; = 0. Equivalently, it is stated that b; is significantly different from zero at the 95 per.
cent level, or simply that b; is statistically sagmﬁcant We prefer not to develop the concept of
hypothesis testing here.)

We now return for the final timme to Table 1. We can easily compute that all estimated coef-
ficients in columns (1) and (2) have ¢ statistics larger than 1.96 in absolute value. This remaing
frue in column (3) except for the coefficients on SEC50 and PRIM50, which have £ statistics
of 1.51 and 1.33 in absolute value, respectively. We can conclude that SEC50 and PRIM50 are
superfluous explanatory variables, which is not surprising given the inclusion of SEC60 and
PRIM60. Tn column (4) 'all estimated coefficients have ¢ statistics that exceed 1.96 in absolite
value except for the coefficients on SEC60 and ASSASS. The ¢ statistic of 1.90 for the coeffi~ .
cient on SEC60 indicatés that we can be 90 percent (but not 95 percent) confident that SEC60
has some positive impact on GR6085, while the ¢ statistic of 1.53 (in absolute value) for the
coefficient on ASSASS indicates that we cannot be even 90 percent confident that ASSASS
has some negative impact on GR6085. We noted earlier that the addition of the dummy var-
ables AFRICA and LAT. AMER. reduced the coefficients on most of the other explanatory
variables (in absolute value). For SEC60 and ASSASS the changes were substantial enough.
so that by conventional standards inclusion of the fonmer in the “true” model is now marginal
and inclusion of the latter is no longer justified. '

The reader who wishes to deepen his understanding of multiple regression can consult any
econometrics text. Two popular texts are Damodar N. Gujarati, Basic Econometrics, 4th ed.
(New York: McGraw-Hill, 2003) and Jeffrey M. Wooldridge, Introductory Econometrics: A_
Modern Approach, 2nd ed. (Cincinnati: South-Western, 2003). :




