	
	


	
	



6
Modelling results
In this section of the paper, econometric results for the models of labour force participation and wages are presented. The focus of the results is for the marginal effects of education and literacy and numeracy skills on labour force participation and wages. Full estimation output (including coefficients and marginal effects for all variables) is in appendix B.
6.1
Labour force participation results
Section 5.1 set out two models of labour force participation –– one which included literacy and numeracy skills (equation 2) and one which did not include those skills (equation 1). Econometric results from those models are presented below. As explained in chapter 5, the literacy and numeracy variable should be interpreted as measuring people’s overall functional literacy and numeracy skills –– not a specific type of literacy or numeracy.
Effects of education for different model specifications

The marginal effects
 of educational attainment for equation 1 (does not control for literacy and numeracy skills) are presented in table 6.1.
Table 6.1
Marginal effects of educationa on participation in different model structures

	
	Men
	Women

	Explanatory variable
	Education only (Equation  1)
	With skills (Equation 2)
	Education only (Equation 1)
	With skills (Equation 2)

	Year 12
	1.56
	
	-0.01
	
	8.13
	***
	5.65
	***

	Diploma/Cert
	4.07
	***
	2.93
	***
	13.08
	***
	10.53
	***

	Degree
	5.20
	***
	2.78
	**
	19.11
	***
	14.90
	***


a Education levels are compared with a base level of year 11 or lower educational attainment.

*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Tables B.1 and B.2.
Those results are of the expected sign, and consistent with other studies. The marginal effects on participation from having a degree relative to having year 11 or lower education were estimated to be 5.2 percentage points and 19.1 percentage points for men and women respectively. These compare with results from a multinomial logit model estimated by Laplagne, Glover and Shomos (2007) of 8.6 percentage points and 19.7 percentage points for men and women respectively.
As explained in chapter 5, if education and skills are synonymous (equation 1), then there would be collinearity problems when equation 2 is estimated –– either the skills or the education variables may be insignificant. Table 6.1 shows the marginal effects for educational attainment when skills are included in the model (equation 2). Compared with results from equation 1, it can be seen that marginal effects are reduced by about one quarter when skills are included. These results imply that a ‘traditional’ model of human capital, which uses education only to proxy skills, might overestimate the direct effect of education on participation. Put another way, about one quarter of the effect education has on participation (in traditional human capital models) occurs because the more highly educated are also more highly skilled. (Education may improve literacy and numeracy skills, but those skills can also be obtained from other means. The model does not examine the factors affecting skills.)
As will be shown below, the marginal effects for all of the skills variables (and most of the education variables) are statistically significant in equation 2. Furthermore, the explanatory power of the model was improved (by about 1 percentage point, for both men and women) when the functional literacy and numeracy skills variable was included in estimation. Therefore, a model which assumes that education may enhance functional literacy and numeracy, but is not a direct substitute for those skills, is the more appropriate specification.
Effects of literacy and numeracy skills on participation

In the analysis below, the focus turns to how skills affect participation, so results are presented only for equation 2. Figure 6.1 presents the marginal effects of skills (and educational attainment) on labour force participation.
Figure 6.1
Marginal effects of education and skills on participation
Educational attainment relative to year 11 or lower, literacy and numeracy skills relative to level 1a
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a(Bars show the 95 per cent confidence interval for the marginal effects, which were calculated at the mean. If, for a given variable, the bars overlap, then those estimates are not statistically different at the 5 per cent level of confidence. If a bar reaches the horizontal axis, that marginal effect is not statistically significant at the 5 per cent level of confidence.

Data source: Tables B.1 and B.2.
The following observations regarding literacy and numeracy skills can be made:

· Improving functional literacy and numeracy from level 1 to level 2 or above has a positive, and statistically significant, impact on labour force participation, for both men and women.

· The increase in participation that occurs from improving these skills is greater for women than for men (consistent with the effects of greater education, and likely to occur because of the higher participation rate for men).

· There is only weak evidence that the effect (on participation) from an improvement in literacy and numeracy skills varies along the skill distribution, with differences between genders.

· For women an increase in skills from level 1 to level 2 raises participation by 11 percentage points. Raising skills from level 1 to level 3 (or level 4/5) raises participation by about 15 percentage points. Thus, the largest additional increase in participation occurs from improving lower skilled workers’ functional literacy and numeracy.
 (Note, however, that the marginal effect of increasing skills from level 1 to level 2 is not statistically different than from increasing skills from level 1 to level 3).
· For men, an improvement in skills from level 1 to level 2 raises participation by almost 4 percentage points, and from level 1 to level 4/5 raises participation by about 6 percentage points. So, there is a more even effect on participation from improving skills along the distribution for men than there is for women.

Compared with raising educational attainment, improving people’s skills leads to a relatively large increase in participation. For example, raising skills from level 1 to level 2 has a larger effect on participation than from increasing educational attainment from year 11 or lower to year 12 or a diploma/certificate (and a larger effect than from raising educational attainment to a degree for men). To put that into context, the time taken to complete a degree or higher is roughly seven years longer than the time taken to complete year 11 or lower (figure 3.4).

The joint effect from improving education and improving literacy and numeracy skills was not formally estimated in the models (this would require an interactive term for education and skills to be included). However, the results indicate that having higher education and greater literacy and numeracy skills is likely to lead to the largest increases in participation. For example, if a person has low skills and low education, then increasing education increases the likelihood of participation. The likelihood of participating is increased further if the person also increases his or her literacy and numeracy skills. It is likely that education does improve skills, so the cumulative effect of increasing education is likely to be greater than the predicted estimate for education alone.

The effects of education and skills were robust to different model specifications. For example, years of education was used as an alternative to educational attainment, and the continuous literacy/numeracy skill test score (0–500) was used in other variations of the models presented here. The key results did not change. In particular, the effect of improving skills on participation was stronger for women than for men, and statistically significant across all models.

Results for literacy and numeracy skills are also consistent with other studies. Chiswick, Lee and Miller (2003) found that document literacy and (self-assessed) mathematical ability both had a positive and statistically significant effect on participation, using 1996 Australian data. They also found the direct effect of education to be overestimated (by up to 50 per cent) if skills are not controlled for.

Other results

A number of other explanatory variables were included in the estimation. This section briefly reports some of those results (appendix B contains full estimation output).

In chapter 3, it was shown that skills vary according to country of birth. The models estimated include explanatory variables for being born in either a main English speaking country, or a non-English speaking
 country, relative to being born in Australia. Being born in a non-English speaking country had a negative effect on female participation (it reduced the likelihood of participation by 10 percentage points in equation 1). However, the negative effect reduced markedly once skills were controlled for (to minus 5 percentage points in equation 2). These results demonstrate that the negative effect on participation from being born in a
non-English speaking country is overestimated in ‘traditional’ models (which do not include skills). It is the lower literacy and numeracy skills that people from a 
non-English speaking background have that, in part, explains their lower participation.

Most of the other explanatory variables were statistically significant, and of the expected sign. Being married and having at least one child aged 0–4 or 5–14 had a negative effect on female participation. Mothers are more likely to spend time out of the labour force to care for younger children rather than older children, because looking after younger children is more time-intensive (Birch 2005). Recent empirical research for Australia (Cai 2010) also supports this theory. High levels of physical and mental health both had a positive effect on participation, for both men and women, consistent with results from previous Commission research (Laplagne, Glover and Shomos 2007).
6.2
Wages model results

In this section, results from the wages models are presented. As was done for the participation models, the effects of education in both wages models are presented first, before the focus turns to the effect of literacy and numeracy skills on wages.
Effects of education for different model specifications

Marginal effects of educational attainment on wages are presented in table 6.2. Based on equation 3, it was found that improving educational attainment had a large, statistically significant effect on wages. For example, increasing education from year 11 or lower to a degree increased hourly wages by about 60 per cent. This is larger than other estimates in the literature, although the marginal effect from increasing education from year 11 or lower to year 12 or a diploma/certificate was much smaller (between 11 and 18 per cent). All education effects were statistically significant.

The estimated marginal effects for educational attainment for equation 4 (controlling for skills) were lower than those that were obtained for equation 3 (table 6.2). This pattern is the same which occurred for the labour force participation model. The estimated marginal effects for education were reduced by about half for men, and by a lesser amount for women.
The effect of increasing schooling to year 12 (relative to year 11 or lower) was not statistically significant in equation 4. That is, raising education from year 11 to year 12 is not predicted to have any effect on hourly wages (unless skills are also improved by undertaking that education).
Table 6.2
Marginal effects of educationa on hourly wages in different model structures
	
	Men
	Women

	Explanatory variable
	Education only (Equation 3)
	With skills (Equation 4)
	Education only (Equation 3)
	With skills (Equation 4)

	Degree
	59.58***
	34.21***
	61.05***
	49.42***

	Diploma/Cert
	17.65***
	9.77***
	                     13.76***
	                 10.28**

	Year 12
	15.35***
	              5.18
	                    10.97**
	                7.24


a Marginal effects measure the percentage increase in hourly wages from increasing education from year 11 or lower to the education levels estimated.
*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Table B.9.
Therefore, like the participation model, wage models which only use education may overstate the direct effect of education on hourly wages. Some of the expected increase in hourly wages occurs because more highly educated people also have higher literacy and numeracy skills.
Like the participation model above, ability bias might also affect the results presented for the wages models. A number of studies have attempted to address this issue. Data on twins has been used by Ashenfelter and Kreuger (1994) for the United States and Miller, Mulvey and Martin (1995) for Australia. Those studies ‘reveal that there is little evidence of upward bias in the typical OLS estimate of the return to education’ (Miller, Mulvey and Martin 1995, p. 597). This arises because any upward bias is largely offset by measurement error, which has a downward bias on results.

More recently, Leigh and Ryan (2008) estimated returns to education using various natural experiment techniques to control for ability bias. Their returns to education were higher than from studies using twins, and the authors attribute this to having better measures of income and schooling. Their results suggest that about 10 to 40 per cent of the return to schooling in standard OLS regressions may be due to ability bias.
Effects of literacy and numeracy skills on wages

Equation 4 models the effects of both education, and literacy and numeracy skills, on wages. Marginal effects are presented in figure 6.2.
Figure 6.2
Marginal effects of education and skills on wages

Educational attainment relative to year 11 or lower, literacy and numeracy skills relative to level 1a
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a(Bars show the 95 per cent confidence interval for the marginal effects, which were calculated at the mean. If, for a given variable, the bars overlap, then those estimates are not statistically different at the 5 per cent level of confidence. If a bar reaches the horizontal axis, that marginal effect is not statistically significant at the 5 per cent level of confidence.

Data source: Table B.9.
The following observations regarding the effect of improving functional literacy and numeracy skills on wages can be made:

· Increasing skills from level 1 to level 2 or above had a positive and statistically significant effect on wages, for both men and women.

· Increasing skills has a larger impact on returns to wages for men compared with women. This is in contrast to the effect that skills had on the likelihood of participation for men and women.

· The effect of increasing skills on wages varies more along the skill distribution for men than it does for women.

· For men, increasing skills from level 1 to level 3 increases wages by 32 per cent, (14 percentage points more than from increasing skills from level 1 to level 2). However, an increase in skills from level 1 to level 4 or 5 raises wages by 54 per cent (a difference of 22 percentage points compared with raising skills from level 1 to level 3). Furthermore, the increase in wages from increasing skills from level 1 to level 2 is significantly different than from increasing skills to level 4 or level 5.
· For women, the additional increase in wages is roughly 10 per cent from increasing skills from level 1 to level 2, compared with increasing skills from level 1 to level 3. The additional increase from improving skills to level 4 or 5 (compared with level 3) is also about 10 per cent. Furthermore, there is no statistical difference from improving skills from level 1 to level 2 compared with increasing them to any other level.

Results were robust to various model specifications (for example, when literacy and numeracy was estimated as a continuous variable).

In a similar analysis using the ALLS data, Barrett (2009) considered how the returns to skills vary along different points of the wage distribution. He found that the return to skills is uniform across the wage distribution.
Finnie and Meng (2007) found that not only do skills benefit individuals at the top and bottom ends of the labour market, but that the effect of literacy and numeracy skills on labour market success is just as important as education. ‘Indeed, in some cases, the effects of functional literacy appear to be substantially greater than the number of years of education’ (Finnie and Meng 2007, p. 10). Likewise, the model results above suggest that improving skills has a larger impact on wages than improving education, particularly for men. For men, increasing skills from level 1 to level 4/5 has a larger effect on wages than from increasing education from year 11 to any of the other higher levels of educational attainment modelled. Even smaller improvements in skills for men (from level 1 to 2) have twice the impact on wages than from increasing educational attainment from year 11 to year 12 or to a diploma/certificate (although differences are not statistically different from one another). For women, increasing educational attainment to a degree or higher (from year 11 or lower) had a larger effect than improving literacy and numeracy skills. This could reflect that education acts as a stronger signalling device (of motivation or expectations at work) for women, compared with men.
Other model results

Potential labour market experience was included as a control variable in the wages equations. The results for equation 3 show that additional years of experience increase hourly wages, but at a decreasing rate (see appendix B for results). The magnitude of the effect of the experience variables was largely unaffected by including the skills variable (in equation 4), consistent with other results for Australia (Barrett 2009) and results for Canada (Green and Riddell 2002). This indicates that work experience might not improve literacy and numeracy skills. Descriptive analysis in chapters 3 and 4 suggested that literacy and numeracy skills might deteriorate once a person exits the workforce. Therefore, it may be the case that literacy and numeracy skills are developed prior to entering the workforce, but are maintained (and not enhanced) by using them in the workplace. They may deteriorate after leaving work, or may deteriorate due to other factors. This would be a useful area to explore in future research.
Being born in a non-English speaking country was estimated to have a negative impact on wages. However, as in the participation model, once literacy and numeracy skills were controlled for, the negative effect was lessened (by about 
25–50 per cent, depending on sex). Again, this highlights that human capital models which do not explicitly control for skills overstate the effect of being born in a non-English speaking country –– some of the effect occurs because this group has lower (English) literacy and numeracy skills.

Most other explanatory variables are of the expected sign. Of those that are statistically significant, better mental or physical health, residing in the city, and being married (for men only) had a positive impact on hourly wage rates.

Working part-time had a negative impact on wages of men and a positive impact for women, but was not statistically significant in either case. In contrast, a recent study of the Australian labour market showed that there was a wage premium from working part-time for both men and women (Booth and Wood 2008).

6.3
Summary of modelling results
The econometric modelling results in this chapter have highlighted that improving functional literacy and numeracy skills has a large and statistically significant effect on labour force participation and hourly wages.

The estimated benefits of education, after controlling for functional skills, were reduced but still significant. Thus, education develops other skills used in the workplace, and may act as a signal to employers that people with higher education have higher human capital.
The above findings suggest that both educational qualifications and functional skills are valued in the labour force. The modelling did not formally estimate the impact of factors likely to affect functional skills.
Green and Riddell (2001) estimated a joint model of skills, education and wages. They found education to be a strong factor explaining literacy and numeracy skills. However, formal education is usually undertaken prior to entering the workforce. Although education is likely to improve younger persons’ skills, people who are older and already working can also improve their functional skills. Understanding the determinants of a person’s literacy and numeracy skills, and how they can be improved (or maintained) at different stages of the life cycle, would be a good area for further research. The above analysis indicates that work experience might not improve functional literacy and numeracy skills. However, only a crude measure of work experience was used. The ALLS also has information on how often a person uses various skills in the workplace, and at home. Identifying whether using skills at work improves functional skills would be a good first step in understanding ways to improve the skills of older workers.
� All marginal effect estimates are calculated at the mean of the variable under consideration.


�	Strictly speaking, the effect on participation from increasing skills from level 3 to level 4/5 is not the difference between the marginal effects of skill levels 3 and 4/5 presented in figure 6.1. That would require re-estimating the model with level 3 as the base skill level. Alternative models, with different skill level bases, were estimated for comparison and gave similar results to the differences in marginal effects between skill levels above.


� Some countries included in this definition may be English speaking. However, the vast majority of countries are non-English speaking.


� Strictly speaking, the effect on wages from increasing skills from level 3 to level 4/5 is not the difference between the marginal effects of skill levels 3 and 4/5 presented in figure 6.2. That would require re-estimating the model with level 3 as the base skill level. However, alternative models, with different skill level bases, were also estimated for comparison and gave similar results to the differences in marginal effects between skill levels above.
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