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Births in 2010

Means of  Variables

Variable

Smoked 
during

pregnancy Did not smoke

Birthweight of child (grams) 3111 3281

Mom Unmarried 68.1% 37.8%

Mom a teen 12.5% 9.0%

Received < adequate pre. Care 16.3% 9.3%

Mom < HS degree* 25.0% 11.2%

Mom HS degree * 64.4% 31.2%

5

Births in 2010

% smoked during pregnancy

Variable
Answered

Yes
Answered

No

Mom Unmarried 11.6% 3.6%

Mom a teen 9.2% 6.6%

Received < adequate pre. Care 11.4% 6.3%

Mom < HS degree* 13.4% 5.6%

Mom HS degree * 12.8% 3.4%

6

Births in 2010

Average Birthweight

Variable
Answered 

Yes
Answered 

No

Smoked 3111 3281

Mom Unmarried 3196 3318

Mom a teen 3159 3127

Received < adequate pre. Care 3006 3298

Mom < HS degree* 3245 3286

Mom HS degree * 3261 3290

7 8

Zi=1Zi=0

1 0.57x 0 0.8x 
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• bw_example.dta

• Three variables
– treatment (1=yes, 0=no)

– smoker (1=yes, 0=no)

– birthweight (birth weight in grams)
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• . * get breakdown of sample

• . tab treatment

• =1 if in |

• treatment |

• sample, 0 |

• otherwise |      Freq.     Percent        Cum.

• ------------+-----------------------------------

• 0 |        438       50.64       50.64

• 1 |        427       49.36      100.00

• ------------+-----------------------------------

• Total |        865      100.00

13 14

. ttest smoker, by(treatment)

Two-sample t test with equal variances
------------------------------------------------------------------------------

Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
---------+--------------------------------------------------------------------

0 |     438    .7990868    .0191673    .4011415    .7614152    .8367583
1 |     427    .5690867    .0239927    .4957849    .5219278    .6162455

---------+--------------------------------------------------------------------
combined |     865    .6855491    .0157957    .4645654    .6545467    .7165516
---------+--------------------------------------------------------------------

diff |            .2300001    .0306274                .1698872     .290113
------------------------------------------------------------------------------

diff = mean(0) - mean(1)                                      t =   7.5096
Ho: diff = 0                                     degrees of freedom =      863

Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0
Pr(T < t) = 1.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 0.0000

1 0x x

15

. * get reduced form and 1st stage by ttest

. ttest birthweight, by(treatment)

Two-sample t test with equal variances
------------------------------------------------------------------------------

Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval]
---------+--------------------------------------------------------------------

0 |     438        3186    28.00016         586    3130.968    3241.032
1 |     427        3278    30.34266         627     3218.36     3337.64

---------+--------------------------------------------------------------------
combined |     865    3231.415    20.67189    607.9784    3190.842    3271.988
---------+--------------------------------------------------------------------

diff |                 -92    41.25236               -172.9667    -11.0333
------------------------------------------------------------------------------

diff = mean(0) - mean(1)                                      t =  -2.2302
Ho: diff = 0                                     degrees of freedom =      863

Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0
Pr(T < t) = 0.0130         Pr(|T| > |t|) = 0.0260          Pr(T > t) = 0.9870

1 0y y
16

. * run the reduced form

. reg smoker treatment

Source |       SS       df       MS              Number of obs =     865
-------------+------------------------------ F(  1,   863) =   56.39

Model |  11.4377857     1  11.4377857           Prob > F      =  0.0000
Residual |  175.031578   863  .202817588           R-squared     =  0.0613

-------------+------------------------------ Adj R-squared =  0.0603
Total |  186.469364   864  .215821023           Root MSE      =  .45035

------------------------------------------------------------------------------
smoker |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------
treatment |  -.2300001   .0306274    -7.51   0.000     -.290113   -.1698872

_cons |   .7990868   .0215187    37.13   0.000     .7568517    .8413218
------------------------------------------------------------------------------
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. * run the reduced form

. reg birthweight treatment

Source |       SS       df       MS              Number of obs =     865
-------------+------------------------------ F(  1,   863) =    4.97

Model |     1830044     1     1830044           Prob > F      =  0.0260
Residual |   317537006   863  367945.546           R-squared     =  0.0057

-------------+------------------------------ Adj R-squared =  0.0046
Total |   319367050   864  369637.789           Root MSE      =  606.59

------------------------------------------------------------------------------
birthweight |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

-------------+----------------------------------------------------------------
treatment |         92   41.25236     2.23   0.026      11.0333    172.9667

_cons |       3186   28.98376   109.92   0.000     3129.113    3242.887
------------------------------------------------------------------------------

18

ivregress 2sls y w (x=z)

Outcome of interest

Other exogenous control variables

Instruments

Endogenous right hand 
side variables

19

. 

. * run the 2sls

. ivregress 2sls birthweight (smoker=treatment)

Instrumental variables (2SLS) regression               Number of obs =     865
Wald chi2(1)  =    4.53
Prob > chi2   =  0.0332
R-squared     =       .
Root MSE      =  635.29

------------------------------------------------------------------------------
birthweight |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------
smoker |  -399.9998   187.8466    -2.13   0.033    -768.1724    -31.8272
_cons |   3505.635   130.5771    26.85   0.000     3249.708    3761.561

------------------------------------------------------------------------------
Instrumented:  smoker
Instruments:   treatment

Two-stage least squares examples

20
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Angrist:  Vietnam Draft Lottery

21 22

Vietnam era service

• Defined as 1964-1975
• Estimated 8.7 million served during era
• 3.4 million were in SE Asia
• 2.6 million served in Vietnam
• 1.6 million saw combat
• 203K wounded in action, 153K hospitalized
• 58,000 deaths
• http://www.history.navy.mil/library/online/american

%20war%20casualty.htm#t7

1980 Men, 1940-1952 Cohorts

Variable Non-veterans Veterans

In labor force 93.2% 95.9%

Unemployed 5.0% 4.7%

Labor earnings $15,155 $15,875

Nonwhite 16.8% 12.3%

< HS degree 21.5% 8.8%

HS degree 49.4% 67.8%

College degree 28.9% 23.3%

Married 72.1% 75.5%
23

OLS Estimates
Impact of Vietnam Vet Status

Independent
Variable

Labor
Earnings Unemployed

Age 510 (6.5) -0.0021 (0.0001)

Non-white -3446 (67) 0.029 (0.0014)

< high school -9449 (74) 0.078 (0.0015)

High school -4800 (57) 0.0032 (0.0011)

Vietnam era vet 523 (53) -0.000 (0.0010)

Mean of  
Outcome

$15,372 4.9%

R2 0.12 0.02

24
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Vietnam Era Draft

• 1st part of war, operated liked WWII and 
Korean War

• At age 18 men report to local draft boards

• Could receive deferment for variety of reasons 
(kids, attending school)

• If available for service, pre-induction physical 
and tests

• Military needs determined those drafted

26

• Everyone drafted went to the Army

• Local draft boards filled army.

• Priorities
– Delinquents, volunteers, non-vol. 19-25

– For non-vol., determined by age

• College enrollment powerful way to avoid 
service
– Men w. college degree 1/3 less likely to serve

27

Draft Lottery

• Proposed by Nixon

• Passed in Nov 1969, 1st lottery Dec 1, 1969

• 1st lottery for men age 19-26 on 1/1/70
– Men born 1944-1950.

• Randomly assigned number 1-365, Draft Lottery 
number (DLN) 

• Military estimates needs, sets threshold T

• If DLN<=T, drafted

28

• If volunteer, could get better assignment
• Thresholds for service

Draft Year of 
Year Birth Threshold
• 1970 1946-50 195
• 1971 1951 125
• 1972 1952 95

• Draft suspended in 1973
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Model

• Sample, men from 1950-1953 birth cohorts

• Yi = earnings

• Xi = Vietnam military service (1=yes, 0=no)

• Zi = draft eligible, that is DLN <=T
• (1=yes, 0=no)

31

1x
0x

32

1 0Graph of y y
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1 0y y in numbers

34

= -487.8/0.159 = $3067.9

CPI78 = 65.2    CPI81=90.9    65.2/90.9 = .7173

.717*3067.92 = $2199

2
1 1 0 1 0( ) / ( )sls y y x x   

35

• Although DLN is random, what are some ways 
that a low DLN could DIRECTLY change 
wages

36
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Angrist and Evans:
The impact of children on

labor supply

38

Introduction

• 2 key labor market trends in the past 40 years
– Rising labor force participation of women

– Falling fertility

• These two fact are intimately linked, but how?
– Are women working more because they are having 

less children

– Are women having less children because they are 
working more

39 40
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34% decline in children ever born -0.34=(1.18-1.78)/1.78

32% increase in the fraction of women that worked last year 0.32=(79.3-60)/60 42

• Note that between 1970 and 1990
– Mean children ever born has fallen by 34%, from 

1.78 to 1.18
– % worked last year increased by 32%, from 60 to 

79%

• Hundreds have studies have attempted to 
address these questions

• Lots of persistent relationships, but what have 
we measured?

43

• Women with children are not randomly assigned

• Who is most likely to have large families?
– Lower educated

– Those with lower wages

– Certain minority groups

– Certain religious groups

– Those who want more children

44

• Problem is, many of these same groups are also 
those most likely to be out of the labor force

• Of the lower labor supply women among 
women with young children, how much is due 
to the kids, how much is attributable to some of 
these other factors? 
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To identify labor supply effects

• Need an instrument that
– Alters fertility

– Does not directly enter labor supply equation

• Ideas???

45 46

47 48
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Exactly identified model
With 1 instrument

50

51

. * in the data set; 

. desc; 
 
Contains data from pums80.dta 
  obs:       254,654                           
 vars:            15                          17 Aug 2006 12:18 
 size:     6,621,004 (73.3% of memory free) 
-------------------------------------------------------------------------------
              storage  display     value 
variable name   type   format      label      variable label 
-------------------------------------------------------------------------------
kidcount        byte   %9.0g                  number of kids 
morekids        byte   %9.0g                  =1 if mom had more than 2 kids 
boy1st          byte   %9.0g                  =1 if 1st kid was a boy 
boy2nd          byte   %9.0g                  =1 if 2nd kid was a boy 
samesex         byte   %9.0g                  =1 if 1st two kids same sex 
multi2nd        byte   %9.0g                  =1 if 2nd and 3rd kidss are 
                                                twins 
agem1           byte   %9.0g                  age of mom at census 
agefstm         byte   %9.0g                  moms age when she 1st gave birth
black           byte   %9.0g                  =1 if mom is black 
hispan          byte   %9.0g                  =1 if mom is hispanic 
othrace         byte   %9.0g                  =1 if mom is othrace 
workedm         byte   %9.0g                  did mom work for pay i 1979 
weeksm1         byte   %9.0g                  moms weeks worked in 1979 
hourswm         byte   %9.0g                  hours of work per week in 1979 
incomem         float  %9.0g                  labor income per week, 1979, 
                                                constant $ 
-------------------------------------------------------------------------------
 

52

ivregress 2sls y w (x=z)

Outcome of interest

Other exogenous control variables

Instruments

Endogenous right hand 
side variables
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. * get correlation coefficient between; 

. * instrument and endogenous RHS variable; 

. * correlation coefficient is 0.0695; 

. corr morekids samesex; 
(obs=254654) 
 
             | morekids  samesex 
-------------+------------------ 
    morekids |   1.0000 
     samesex |   0.0695   1.0000 
 
 . * OLS of bivariate regression; 
. * model assuming OLS model is correct; 
. * specification; 
. reg worked morekids; 
 
      Source |       SS       df       MS              Number of obs =  25465
-------------+------------------------------           F(  1,254652) = 3237.6
       Model |  796.712284     1  796.712284           Prob > F      =  0.000
    Residual |  62664.0083254652  .246077032           R-squared     =  0.012
-------------+------------------------------           Adj R-squared =  0.012
       Total |  63460.7206254653  .249204685           Root MSE      =  .4960
 
-----------------------------------------------------------------------------
     workedm |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval
-------------+---------------------------------------------------------------
    morekids |  -.1152029   .0020246   -56.90   0.000    -.1191712   -.111234
       _cons |   .5720607    .001249   458.02   0.000     .5696127    .574508
-----------------------------------------------------------------------------
 

54

. * wald estimate; 

. * using the notation from class, if we have y,x,z,w; 

. * syntax for ivregress; 

. * ivregress 2sls y w (x=z); 

. * in this case, w=null,y=worked, x=morekids, z=samesex; 

.  ivregress 2sls worked (morekids=samesex); 
 
Instrumental variables (2SLS) regression               Number of obs =  254654 
                                                       Wald chi2(1)  =   22.33 
                                                       Prob > chi2   =  0.0000 
                                                       R-squared     =  0.0121 
                                                       Root MSE      =  .49618 
 
------------------------------------------------------------------------------ 
     workedm |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
    morekids |  -.1376139   .0291242    -4.73   0.000    -.1946962   -.0805315 
       _cons |   .5805895   .0111271    52.18   0.000     .5587807    .6023983 
------------------------------------------------------------------------------ 
Instrumented:  morekids 
Instruments:   samesex 
 

2 2
1 1

2 2 2

2
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. * demonstrate 1st stage and reduced form results for; 

. * exactly identified model; 

. * 1st stage; 

. reg morekids samesex boy1st boy2nd agem1 agefstm black hispan othrace; 
 
      Source |       SS       df       MS              Number of obs =  254654 
-------------+------------------------------           F(  8,254645) = 2825.70 
       Model |  4894.61525     8  611.826907           Prob > F      =  0.0000 
    Residual |  55136.2215254645  .216521909           R-squared     =  0.0815 
-------------+------------------------------           Adj R-squared =  0.0815 
       Total |  60030.8368254653  .235735832           Root MSE      =  .46532 
 
------------------------------------------------------------------------------ 
    morekids |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     samesex |   .0693854   .0018456    37.59   0.000      .065768    .0730028 
      boy1st |  -.0111225   .0018456    -6.03   0.000    -.0147398   -.0075051 
      boy2nd |  -.0095472   .0018456    -5.17   0.000    -.0131646   -.0059298 
       agem1 |   .0304246    .000298   102.09   0.000     .0298405    .0310087 
     agefstm |  -.0435676   .0003462  -125.85   0.000    -.0442461   -.0428891 
       black |   .0679715   .0041853    16.24   0.000     .0597684    .0761747 
      hispan |    .125998   .0038974    32.33   0.000     .1183591    .1336369 
     othrace |   .0479479   .0044209    10.85   0.000      .039283    .0566127 
       _cons |   .3234167   .0092616    34.92   0.000     .3052642    .3415692 
------------------------------------------------------------------------------ 
 

Exactly Identified Model

56

. * there are 4 variables, y,x,w and z as we have defined them in class.  
> * the syntax is ivregress 2sls y w (x=z);
. ivregress 2sls workedm boy1st boy2nd agem1 agefstm black hispan othrace
> (morekids=samesex);

Instrumental variables (2SLS) regression               Number of obs =  254654
Wald chi2(8)  = 6922.17
Prob > chi2   =  0.0000
R-squared     =  0.0482
Root MSE      =  .48703

------------------------------------------------------------------------------
workedm |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------
morekids |  -.1203151   .0278407    -4.32   0.000    -.1748818   -.0657483

boy1st |   .0009211   .0019489     0.47   0.636    -.0028986    .0047409
boy2nd |  -.0048314   .0019425    -2.49   0.013    -.0086386   -.0010241
agem1 |   .0219352   .0009013    24.34   0.000     .0201687    .0237018

agefstm |  -.0264911   .0012647   -20.95   0.000    -.0289698   -.0240124
black |   .1899764   .0047674    39.85   0.000     .1806325    .1993203
hispan |  -.0139081   .0053812    -2.58   0.010    -.0244551   -.0033611

othrace |   .0443545   .0048137     9.21   0.000     .0349198    .0537891
_cons |   .4498966   .0138562    32.47   0.000     .4227389    .4770543

------------------------------------------------------------------------------
Instrumented:  morekids
Instruments:   boy1st boy2nd agem1 agefstm black hispan othrace samesex
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. * there are 4 variables, y,x,w and z as we have defined them in class.  
> * the syntax is ivregress 2sls y w (x=z);
. ivregress 2sls workedm boy1st boy2nd agem1 agefstm black hispan othrace
> (morekids=samesex);

Instrumental variables (2SLS) regression               Number of obs =  254654
Wald chi2(8)  = 6922.17
Prob > chi2   =  0.0000
R-squared     =  0.0482
Root MSE      =  .48703

------------------------------------------------------------------------------
workedm |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

-------------+----------------------------------------------------------------
morekids |  -.1203151   .0278407    -4.32   0.000    -.1748818   -.0657483

boy1st |   .0009211   .0019489     0.47   0.636    -.0028986    .0047409
boy2nd |  -.0048314   .0019425    -2.49   0.013    -.0086386   -.0010241
agem1 |   .0219352   .0009013    24.34   0.000     .0201687    .0237018

agefstm |  -.0264911   .0012647   -20.95   0.000    -.0289698   -.0240124
black |   .1899764   .0047674    39.85   0.000     .1806325    .1993203

hispan |  -.0139081   .0053812    -2.58   0.010    -.0244551   -.0033611
othrace |   .0443545   .0048137     9.21   0.000     .0349198    .0537891

_cons |   .4498966   .0138562    32.47   0.000     .4227389    .4770543
------------------------------------------------------------------------------
Instrumented:  morekids
Instruments:   boy1st boy2nd agem1 agefstm black hispan othrace samesex 58

. * reduced form; 

. * look at the t-stat on the same sex variable and compare later on; 

. * to the t-stat in the 2sls model; 

. reg worked samesex boy1st boy2nd agem1 agefstm black hispan othrace; 
 
      Source |       SS       df       MS              Number of obs =  254654 
-------------+------------------------------           F(  8,254645) =  845.42 
       Model |   1641.9059     8  205.238237           Prob > F      =  0.0000 
    Residual |  61818.8147254645  .242764691           R-squared     =  0.0259 
-------------+------------------------------           Adj R-squared =  0.0258 
       Total |  63460.7206254653  .249204685           Root MSE      =  .49271 
 
------------------------------------------------------------------------------ 
     workedm |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     samesex |  -.0083481   .0019543    -4.27   0.000    -.0121785   -.0045178 
      boy1st |   .0022593   .0019543     1.16   0.248     -.001571    .0060897 
      boy2nd |  -.0036827   .0019543    -1.88   0.060    -.0075131    .0001477 
       agem1 |   .0182747   .0003156    57.91   0.000     .0176562    .0188932 
     agefstm |  -.0212493   .0003666   -57.97   0.000    -.0219677   -.0205308 
       black |   .1817984   .0044317    41.02   0.000     .1731124    .1904845 
      hispan |  -.0290676   .0041269    -7.04   0.000    -.0371561    -.020979 
     othrace |   .0385856   .0046811     8.24   0.000     .0294107    .0477605 
       _cons |   .4109847   .0098068    41.91   0.000     .3917636    .4302058 
------------------------------------------------------------------------------ 
 2

1̂ 0.0083481/ 0.0693854

0.1203

SLS  
 

Angrist/Lavy

59 60

Figure 
10.

Current expenditure per pupil in fall enrollment in public 
elementary and secondary schools: 1970–71 through 2007–08
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67

• 1-40 students, one class

• 41-80 students, 2 classes

• 81 to 120 students, 3 classes

• Addition of one student can generate large 
changes in average class size

68
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eS= 80 

fsc= 80/[int((80-1)/40) +1]

= 80/[int(1.975) + 1]

=  80/[1+1] = 40

eS= 81 

fsc= 81/[int((81-1)/40) +1]

= 81/[int(2) + 1]

=  81/[2+1] = 27
69 70

71 72
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73

IV estimates reading = -0.111/0.704 = -0.1576

IV estimates math = -0.009/0.704 = -0.01278 74

75 76


