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Estimation output
This appendix contains output from all of the models estimated, including those models presented in chapter 6. As explained in chapter 5, each model was estimated separately for men and women, with the sample population being 25–64 year old persons.
B.1
Labour force participation model
Equations 1 and 2 (presented in section 6.1) were estimated using a probit model of labour force participation. The two states are either being in the labour force (employed or unemployed) or not in the labour force. Models were estimated with two specifications for functional literacy and numeracy skills. In the first instance, discrete skill levels were first estimated (results using this approach were presented in chapter 6). An alternative specification, with the continuous test score, was also used. Selected output from both of these models is presented below.
Participation model results with skill levels

The probit labour force participation model results for equations 1 and 2 are presented for men and women in tables B.1 and B.2 respectively. Results include coefficients and goodness of fit measures. Tables B.1 and B.2 also contain the associated marginal effects for key variables of interest.

Marginal effects for all models were calculated at the mean (using the ‘mfx’ command in Stata). This method was chosen, rather than calculating the average marginal effect, because that command is not available in the version of Stata run through RADL. In either case, previous literature does not indicate any strong preference for choosing a particular method when estimating marginal effects.
Table B.1
Participation model results for men, skill levels
	Variable
	Equation 1
	Equation 2

	Log likelihood
	-863.6
	
	-854.4
	

	Pseudo R squared
	0.2979
	
	0.3054
	

	Number of observations
	3154
	
	3154
	

	Coefficients
	
	
	
	

	LitNum Skill level 2
	–
	
	0.2934
	***

	LitNum Skill level 3
	–
	
	0.3575
	***

	LitNum Skill level 4 and 5
	–
	
	0.5730
	***

	Degree or higher
	0.4397
	***
	0.2195
	*

	Diploma/Certificate
	0.3118
	***
	0.2239
	***

	Year 12
	0.1188
	
	-0.0010
	

	Age
	0.1898
	***
	0.1858
	***

	Age squared
	-0.2503
	***
	-0.2452
	***

	Married
	0.5010
	***
	0.4780
	***

	Child 0​–4
	-0.0489
	
	-0.0522
	

	Child 5–14
	-0.1365
	
	-0.1327
	

	Child 15–24
	0.3619
	**
	0.3527
	**

	Lives in city
	-0.0285
	
	-0.0285
	

	COB – English speaking (not Aus)
	0.1792
	*
	0.1424
	

	COB – Other
	-0.0406
	
	0.0671
	

	Physical health
	0.0420
	***
	0.0406
	***

	Mental health
	0.0214
	***
	0.0210
	***

	Constant
	-5.4808
	***
	-5.5340
	***

	Marginal effects
	ppt
	
	ppt
	

	LitNum Skill level 2
	–
	
	3.69
	***

	LitNum Skill level 3
	–
	
	4.67
	***

	LitNum Skill level 4 and 5
	–
	
	6.16
	***

	Degree or higher
	5.20
	***
	2.78
	**

	Diploma/Certificate
	4.07
	***
	2.93
	***

	Year 12
	1.56
	
	-0.01
	

	COB – English speaking (not Aus)
	2.28
	*
	1.82
	

	COB – Other
	-0.58
	
	0.89
	


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Productivity Commission estimates based on the ALLS (2006).

Table B.2
Participation model results for women, skill levels
	Variable
	Equation 1
	Equation 2

	Log likelihood
	-1755.0
	

	-1732.9
	


	Pseudo R squared
	0.1803
	
	0.1906
	

	Number of observations
	3631
	
	3631
	

	Coefficients
	
	
	
	

	LitNum Skill level 2
	
	
	0.3744
	***

	LitNum Skill level 3
	
	
	0.5030
	***

	LitNum Skill level 4 and 5
	
	
	0.5743
	***

	Degree or higher
	0.7012
	***
	0.5284
	***

	Diploma/Certificate
	0.4609
	***
	0.3637
	***

	Year 12
	0.2796
	***
	0.1901
	**

	Age
	-0.3115
	**
	-0.3093
	**

	Age squared
	0.9027
	***
	0.8980
	***

	Age cubeda
	-0.8361
	***
	-0.8305
	***

	Married
	-0.0752
	
	-0.0921
	*

	Child 0​–4
	-0.5852
	***
	-0.6051
	***

	Child 5–14
	-0.2406
	***
	-0.2435
	***

	Child 15–24
	0.0178
	
	0.0159
	

	Lives in city
	-0.0349
	
	-0.0223
	

	COB – English speaking (not Aus)
	0.0952
	
	0.0985
	

	COB – Other
	-0.3028
	***
	-0.1579
	**

	Physical health
	0.0306
	***
	0.0290
	***

	Mental health
	0.0154
	***
	0.0142
	***

	Constant
	1.9685
	
	1.7111
	

	Marginal effects
	ppt
	
	ppt
	

	LitNum Skill level 2
	
	
	11.03
	***

	LitNum Skill level 3
	
	
	15.17
	***

	LitNum Skill level 4 and 5
	
	
	15.25
	***

	Degree or higher
	19.11
	***
	14.90
	***

	Diploma/Certificate
	13.08
	***
	10.53
	***

	Year 12
	8.13
	***
	5.65
	***

	COB – English speaking (not Aus)
	2.91
	
	3.00
	

	COB – Other
	-10.12
	***
	-5.12
	**


a(A cubed age term was used for females, because it gave a better fit to the female age profile compared with only using a squared term.

*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source: Productivity Commission estimates based on the ALLS (2006).
Participation model results with continuous skills variable
The probit labour force participation model was also estimated using the continuous skills variable (test score 1–500) rather than with skill levels (1, 2, 3 and 4/5). Other variables used in estimation remained unchanged. Selected marginal effects for equation 2 with the continuous skills variable are presented for men and women in table B.3.

The results confirm that higher literacy and numeracy has a positive effect on participation. The effect is larger for women (about three times greater than the effect for men, broadly in line with results using skill levels). The marginal effect of other variables of interest (education and country of birth) are also very similar to those results obtained with models using skill levels (those results are reported under equation 2 in tables B.1 and B.2 for men and women, respectively).
Table B.3
Participation model results, continuous skills variable
Equation 2

	Variable
	Men
	Women

	Log likelihood
	-853.0
	
	-1729.35
	

	Pseudo R squared
	0.3065
	
	0.1922
	

	Number of observations
	3154
	
	3631
	

	Marginal effects
	ppt
	
	ppt
	

	Literacy/Numeracy scorea
	0.05
	***
	0.13
	***

	Degree or higher
	2.40
	*
	13.24
	***

	Diploma/Certificate
	2.69
	**
	10.00
	***

	Year 12
	-0.30
	
	5.12
	**

	COB – English speaking (not Aus)
	1.82
	
	2.97
	

	COB – Other
	1.29
	
	-3.35
	


a The marginal effect for literacy/numeracy represents the increase in probability of labour force participation for an additional one point in a person’s literacy/numeracy test score (which can be between 1 and 500).
*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Productivity Commission estimates based on the ALLS (2006).

B.2
Wages model results

Wages models for equations 3 and 4 were estimated using standard OLS and with a Heckman selection model. Results from both of those models are reported below. The dependent variable is the natural logarithm of the hourly wage rate.
For comparison, wages model results using a continuous skills variable are also presented at the end of this section.
OLS hourly wages model results

Wages model results using OLS (for employed persons only) are reported for men and women in tables B.4 and B.5 respectively.

Table B.4
OLS wages model results for men

	Variable
	                     Equation 3
	Equation 4

	Adjusted R squared
	0.0842
	
	0.1079
	

	Number of observations
	2407
	
	2407
	

	Coefficients
	
	
	
	

	Lives in city
	0.0850
	***
	0.0844
	***

	Married
	0.1211
	***
	0.1021
	***

	Experience
	0.0215
	***
	0.0195
	***

	Experience squared
	-0.0338
	***
	-0.0278
	***

	Degree or higher
	0.4685
	***
	0.2952
	***

	Diploma or certificate
	0.1630
	***
	0.0936
	***

	Year 12
	0.1430
	**
	0.0506
	

	LitNum Skill level 2
	
	
	0.1648
	***

	LitNum Skill level 3
	
	
	0.2786
	***

	LitNum Skill level 4 and 5
	
	
	0.4334
	***

	Physical health
	0.0041
	**
	0.0033
	*

	Mental health
	0.0015
	
	0.0016
	

	COB – English speaking (not Aus)
	0.0254
	
	0.0202
	

	COB – Other
	-0.1552
	***
	-0.0698
	*

	Works part-time
	-0.0693
	
	-0.0620
	

	Constant
	2.3439
	***
	2.2139
	***


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source: Productivity Commission estimates based on the ALLS (2006).
Table B.5
OLS wages model results for women

	Variable
	                     Equation 3
	Equation 4

	Adjusted R squared
	0.0926
	
	0.1015
	

	Number of observations
	2244
	
	2244
	

	Coefficients
	
	
	
	

	Lives in city
	0.0604
	**
	0.0597
	**

	Married
	0.0553
	*
	0.0473
	*

	Experience
	0.0112
	**
	0.0099
	*

	Experience squared
	-0.0158
	
	-0.0111
	

	Degree or higher
	0.4783
	***
	0.4030
	***

	Diploma or certificate
	0.1300
	***
	0.0988
	**

	Year 12
	0.1059
	**
	0.0713
	

	LitNum Skill level 2
	
	
	0.1295
	**

	LitNum Skill level 3
	
	
	0.2086
	***

	LitNum Skill level 4 and 5
	
	
	0.2999
	***

	Physical health
	0.0072
	***
	0.0066
	***

	Mental health
	0.0036
	**
	0.0033
	**

	COB – English speaking (not Aus)
	0.0410
	
	0.0427
	

	COB – Other
	-0.2221
	***
	-0.1626
	***

	Works part-time
	0.0213
	
	0.0250
	

	Constant
	2.1140
	***
	2.0077
	***


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source: Productivity Commission estimates based on the ALLS (2006).
Marginal effects

Marginal effects in an OLS model are equivalent to the corresponding coefficients. However, the dependent variable used in the wages model was the logarithm of the hourly wage. The marginal effects had to be converted to obtain a percentage growth rate in wages from a percentage change in the explanatory variable. Thornton and Inness (1989) show that the estimated marginal effect when the dependent variable is in logarithmic form needs to be converted with the following formula:

%ΔWages =X. e( – 1

where β is the estimated marginal effect, and X is the unit change in the dependent variable. For a binary variable, X is 1. Therefore, the education and skills marginal effects in tables B.4 and B.5 were converted using the following formula:

%ΔWages =e( – 1

The marginal effects for the OLS wages models (for both men and women) are presented in table B.6.

Table B.6
Marginal effects of selected variables in OLS wages models

	Variable
	Equation 3 (Education only)
	
	    Equation 4 (With skills)

	
	Men
	Women
	
	Men
	Women

	Degree or higher
	59.75
	***
	61.34
	***
	34.34
	***
	49.63
	***

	Diploma or certificate
	17.71
	***
	13.88
	***
	9.81
	***
	10.39
	**

	Year 12
	15.37
	***
	11.17
	**
	5.19
	
	7.39
	

	Skill level 2
	
	
	17.92
	***
	13.82
	**

	Skill level 3
	
	
	32.13
	***
	23.19
	***

	Skill level 4/5
	
	
	54.25
	***
	34.97
	***

	COB – English speaking (not Aus)
	2.57
	
	4.18
	
	2.04
	
	4.36
	

	COB – Other
	-14.38
	***
	-19.92
	***
	-6.74
	*
	-15.01
	***


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source:  Productivity Commission estimates based on the ALLS (2006).

Heckman model results
In this section, a description of the Heckman model that was used to estimate the wages models is provided below. Following that, estimation results for the wages models (outlined in section 6.2) are presented.

Heckman model specification

A formal representation of the Heckman model is presented below.

The following selection equation is first estimated:

Prob(L = 1 | Z) = Φ(Zγ)

where:

L = 1 if in labour force, and 0 otherwise


Z is a vector of explanatory variables, 
and 

γ includes parameters to be estimated.

Z includes the education variables, skill variables (for equation 4) and other demographic variables (those estimated for the labour force participation models).

A second (wage) equation, is then estimated:

w* = Xβ + u1
where: 
w* is a wage offer, which is only observed if a respondent is working.

The conditional wage, given a person works is then:

E[w | X, L = 1] = Xβ + E[u | X, L = 1]

E[w | X, L = 1] = Xβ + ρσuλ(Zγ)

where: 
ρ = correlation between error terms in the first and second equations


σu = standard deviation of u

λ = inverse mills ratio.

The above equation can be rewritten as:

E[w | X, L = 1] = Xβ + cλ(Zγ)

where:

c = ρσu
The value of c (the coefficient of λ), can be tested to see if it is statistically different from zero. If it is, there is a ‘selection effect’ present. By controlling for this, wage model estimates are unbiased. However, there was no statistically significant effect (see below), meaning that sample selection bias is not a problem according to the model results. A problem in estimating Heckman models like the above is finding relevant ‘instruments’ –– variables that affect participation, but which do not influence wages. The variables specifically used as instruments (that is, in the participation equation only) were: having a child aged 0–4; child aged 5–14; child aged 15–24; age (including squared and cubed terms).
Estimation output

The coefficient estimates for equations 3 and 4 are presented in tables B.7 and B.8 for men and women respectively. These results include explanatory variables used in both the selection and wage equations.
Table B.7
Heckman wages model results for men
	Variable
	Equation 3
	Equation 4

	Selection equation
	
	
	
	

	Lives in city
	-0.0463
	
	-0.0467
	

	Married
	0.5433
	***
	0.5219
	***

	Age
	0.1744
	***
	0.1683
	***

	Age squared
	-0.2304
	***
	-0.2230
	***

	Degree or higher
	0.5022
	***
	0.2611
	**

	Diploma or certificate
	0.4117
	***
	0.3148
	***

	Year 12
	0.2124
	**
	0.0824
	

	LitNum Skill level 2
	
	
	0.3020
	***

	LitNum Skill level 3
	
	
	0.3601
	***

	LitNum Skill level 4 and 5
	
	
	0.6250
	***

	Physical health
	0.0404
	***
	0.0388
	***

	Mental health
	0.0232
	***
	0.0227
	***

	COB – English speaking (not Aus)
	0.1625
	
	0.1351
	

	COB – Other
	-0.1779
	*
	-0.0594
	

	Child 0​–4
	-0.0106
	
	-0.0119
	

	Child 5–14
	-0.1200
	
	-0.1181
	

	Child 15–24
	0.2526
	*
	0.2359
	

	Constant
	-5.5131
	***
	-5.5195
	***

	Wage equation
	
	
	
	

	Lives in city
	0.0847
	***
	0.0841
	***

	Married
	0.1249
	***
	0.1056
	***

	Experience
	0.0220
	***
	0.0200
	***

	Experience squared
	-0.0352
	***
	-0.0291
	***

	Degree or higher
	0.4706
	***
	0.2960
	***

	Diploma or certificate
	0.1654
	***
	0.0953
	***

	Year 12
	0.1443
	***
	0.0511
	

	LitNum Skill level 2
	
	
	0.1673
	***

	LitNum Skill level 3
	
	
	0.2813
	***

	LitNum Skill level 4 and 5
	
	
	0.4371
	***

	Physical health
	0.0045
	**
	0.0036
	*

	Mental health
	0.0017
	
	0.0017
	

	COB – English speaking (not Aus)
	0.0261
	
	0.0208
	

	COB – Other
	-0.1563
	***
	-0.0702
	*

	Works part-time
	-0.0696
	
	-0.0623
	

	Constant
	2.3040
	***
	2.1745
	***

	Lambda
	0.0238
	
	2.3155
	

	Log likelihood
	-3322.4
	
	-3278.1
	


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source: Productivity Commission estimates based on the ALLS (2006).
Table B.8
Heckman wages model results for women
	Variable
	Equation 3
	Equation 4

	Selection equation
	
	
	
	

	Lives in city
	-0.0061
	
	0.0033
	

	Married
	0.0110
	
	-0.0084
	

	Age
	-0.3467
	***
	-0.3486
	***

	Age squared
	0.9635
	***
	0.9678
	***

	Age cubed
	-0.8647
	***
	-0.8645
	***

	Degree or higher
	0.7765
	***
	0.5735
	***

	Diploma or certificate
	0.4627
	***
	0.3508
	***

	Year 12
	0.3172
	***
	0.2167
	***

	LitNum Skill level 2
	
	
	0.3886
	***

	LitNum Skill level 3
	
	
	0.5652
	***

	LitNum Skill level 4 and 5
	
	
	0.6704
	***

	Physical health
	0.0294
	***
	0.0276
	***

	Mental health
	0.0165
	***
	0.0151
	***

	COB – English speaking (not Aus)
	0.0959
	
	0.0998
	

	COB – Other
	-0.3925
	***
	-0.2253
	***

	Child 0​–4
	-0.6031
	***
	-0.6273
	***

	Child 5–14
	-0.2548
	***
	-0.2595
	***

	Child 15–24
	-0.0048
	
	-0.0058
	

	Constant
	2.3188
	
	2.1064
	

	Wage equation
	
	
	
	

	Lives in city
	0.0610
	**
	0.0603
	**

	Married
	0.0534
	*
	0.0453
	

	Experience
	0.0125
	**
	0.0110
	**

	Experience squared
	-0.0189
	*
	-0.0136
	

	Degree or higher
	0.4970
	***
	0.4148
	***

	Diploma or certificate
	0.1416
	***
	0.1061
	***

	Year 12
	0.1129
	**
	0.0751
	

	LitNum Skill level 2
	
	
	0.1396
	**

	LitNum Skill level 3
	
	
	0.2223
	***

	LitNum Skill level 4 and 5
	
	
	0.3148
	***

	Physical health
	0.0080
	***
	0.0072
	***

	Mental health
	0.0041
	**
	0.0036
	**

	COB – English speaking (not Aus)
	0.0427
	
	0.0443
	

	COB – Other
	-0.2330
	***
	-0.1681
	***

	Works part-time
	0.0177
	
	0.0219
	

	Constant
	2.0074
	***
	1.9118
	***

	Lambda
	0.0579
	
	0.0489
	

	Log likelihood
	-3942.6
	
	-3903.4
	


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source: Productivity Commission estimates based on the ALLS (2006).
Marginal effects

Marginal effects for the education and skills variables were calculated using the same Stata command used for the models of participation (described above). This estimate had to be converted to obtain percentage change in the same way the OLS wages model estimates were converted.
Marginal effects of skills and educational attainment are presented in table B.9.
Table B.9
Marginal effects of selected variables in Heckman models

	Variable
	 Equation 3 (Education only)
	
	   Equation 4 (With skills)

	
	Men
	Women
	
	          Men
	Women

	Degree or higher
	59.58
	***
	61.05
	***
	34.21
	***
	49.42
	***

	Diploma or certificate
	17.65
	***
	13.76
	***
	9.77
	***
	10.28
	**

	Year 12
	15.35
	***
	10.97
	**
	5.18
	
	7.24
	

	Skill level 2
	
	
	17.97
	***
	13.92
	**

	Skill level 3
	
	
	32.16
	***
	23.20
	***

	Skill level 4/5
	
	
	54.26
	***
	35.02
	***

	COB – English speaking (not Aus)
	2.53
	
	4.08
	
	2.01
	
	4.27
	

	COB – Other
	-14.35
	***
	-19.79
	***
	-6.74
	*
	-14.98
	***


*** significant at 1 per cent, ** 5 per cent and * 10 per cent.

Source:  Productivity Commission estimates based on the ALLS (2006).
Wages model with continuous skills variable

The wages models were also estimated with the continuous test score variable, instead of the skill level variables. Qualitative results were unchanged. For information, the marginal effects from the OLS models estimated with the continuous variable, or alternatively the skill level variable, are presented in table B.10. (Results for the Heckman model with the continuous variable are not reproduced here, but were similar to those of the OLS model). The marginal effect of the literacy and numeracy test score variable for men is about 1.5 times the magnitude for women, in line with results from models which use the skills level variables.
Table B.10
Marginal effects for wages models using different specifications for the skill variable in equation 4
OLS regression, employed persons
	
	Men
	
	      Women

	Variable
	Skill level
	Test score
	
	  Skill level
	Test score

	Degree or higher
	34.21
	***
	32.27
	***
	49.42
	***
	47.80
	***

	Diploma or certificate
	9.77
	***
	8.46
	**
	10.28
	**
	9.62
	**

	Year 12
	5.18
	
	4.20
	
	7.24
	
	6.66
	

	Literacy/numeracy test score
	
	
	0.27
	***
	
	
	0.19
	***

	Skill level 2
	17.97
	***
	
	
	13.92
	**
	
	

	Skill level 3
	32.16
	***
	
	
	23.20
	***
	
	

	Skill level 4/5
	54.26
	***
	
	
	35.02
	***
	
	

	COB – English speaking (not Aus)
	2.01
	
	1.93
	
	4.27
	
	4.53
	

	COB – Other
	-6.74
	*
	-4.38
	
	-14.98
	***
	-14.11
	***


Source: Productivity Commission estimates based on the ALLS (2006).
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