	
	



	
	



[bookmark: ChapterNumber][bookmark: ChapterTitle]3	Modelling and results
[bookmark: begin]The descriptive analysis in chapter 2 showed that literacy and numeracy skills are associated with education, age and English speaking background. In this chapter, multivariate analysis is used to isolate the links between literacy and numeracy skills and labour market outcomes (employment and wages). Section 3.1 develops a model based on the concepts set out in chapter 1 and describes the variables used in the analysis. Section 3.2 presents results and their implications.
3.1	Model and variables
Unlike descriptive analyses, which examine the correlation between two variables, econometric modelling can account for many factors to isolate the relationships between each factor and labour market outcomes.
Estimating employment and wages models
The model developed in this chapter draws on the human capital model, where labour market outcomes (such as employment or wages) are assumed to be influenced by human capital and other personal characteristics. Human capital is the embodiment of many factors that influence a person’s labour market outcomes (chapter 1). But other factors can also influence employment or wages. For example, having a partner or having children may influence a person’s labour force participation decision. 
A human capital model of wages based on Mincer (1974) was augmented to include literacy and numeracy skills:[footnoteRef:1] [1:  	The natural logarithm of wages is used in the model as it gives a better fit of the data.] 

ln(Wagei) = α0 + α1Edi + α2LNi + α3EXPi + α4EXPi2 + α5X1i + α6X2i + … αn+4Xni + εi 	
Where: 	Wagei 	= hourly wage rate for individual i
		Edi 	= a measure of education
		LNi	= a measure of literacy and numeracy skills (explained below)
		EXPi	= work experience
	X1, X2 … Xn	= other factors likely to affect employment and wages
		εi 	= an error term.[footnoteRef:2] [2:  	The error term accounts for intrinsic randomness, any error of measurement or the influence of variables not explicitly included in the model.] 

The variables used are described in more detail below and in appendix B.
A similar model was estimated for employment, with labour force status (LFS) as the dependent variable.[footnoteRef:3] Three labour force states are modelled: employed, unemployed and not in the labour force.  [3: 	For the model with labour force status, age was used instead of experience, and other factors (Xi to Xn) were slightly different (appendix C).] 

A model which excludes literacy and numeracy skills (LNi), will be referred to as model 1 in the remainder of the paper. The model that accounts for literacy and numeracy skills explicitly, as described above, will be referred to as model 2.
In model 2, the association between literacy and numeracy skills and wages (or LFS) is measured by α2.
The coefficient α1 measures the direct association between education and labour market outcomes, once literacy and numeracy skills are taken into account. Thus, it is a measure of how important education is for developing other components of human capital that are valued in the workplace. Barrett (2012) suggested these could include other cognitive skills (critical thinking, analytic and decision‑making skills) and non‑cognitive skills that other researchers have noted (including perseverance and leadership skills).[footnoteRef:4] [4:  	These cognitive and non-cognitive skills also influence educational attainment, and therefore wages and participation both directly and indirectly.] 

The relationship between educational attainment and literacy and numeracy (and other skills and knowledge), and how they jointly determine labour market outcomes can be analysed by comparing the estimates for educational attainment in each model. As Chiswick, Lee and Miller (2003) explained, if education is a good proxy for literacy and numeracy skills, then including literacy and numeracy (in model 2) could cause collinearity[footnoteRef:5] problems, leading to imprecise estimates of the effects of education and literacy and numeracy skills. An alternative scenario is where there is no relationship between education and literacy and numeracy. In that case, inclusion of the literacy and numeracy variable in model 2 would not result in any major changes to the estimates in model 1. The most likely scenario, however, is that literacy and numeracy skills are developed through a range of settings, including outside of education (chapter 1). In this case, both education and literacy and numeracy skills should be included when estimating models of labour market outcomes.  [5:  	Variables are collinear when they can be expressed as linear function of each other (Gujarati 1995). In practice, variables might not be highly collinear but still affect the quality of the estimates, which will be unbiased but imprecise (have high standard errors).] 

Results should be interpreted as associations between literacy and numeracy skills (or education) and labour market outcomes, rather than causal effects.[footnoteRef:6] This and other features of the model are discussed in box 3.1. [6:  	Causal relationships between education and literacy and numeracy skills are difficult to estimate because skills are assessed at the time of the survey, which is after education has been completed, for most people. Other researchers (Barrett 2012 using the Adult Literacy and Lifeskills Survey; Chiswick, Lee and Miller 2003 using the Survey of Aspects of Literacy) have noted the difficulties with these types of datasets in identifying instruments suitable for estimating causal relationships.] 

From chapter 2, wages differ substantially between men and women. Furthermore, women with children are less likely to participate in the labour force. Therefore, models were estimated for men and women separately. The age group of interest is defined as people likely to have completed their initial post-school education and not yet retired. Therefore the sample was restricted to 25–64 year olds.[footnoteRef:7] [7:  	Other studies omit full-time students. The Programme for the International Assessment of Adult Competencies data does not distinguish between full-time and part-time students, so all students were retained. Alternative specifications which omitted persons who were studying and not employed did not materially affect the results.] 

	Box 3.1	Econometric issues with the models estimated

	Reverse causation
In the models estimated in this paper, it is assumed that no explanatory variable (including human capital) is influenced by a person’s wage. In practice, wages are also likely to influence human capital investment (figure 1.1). For example, a person’s income could affect how much education they undertake. If there is a positive effect of wages on human capital (education or literacy and numeracy), then the estimated coefficients for the human capital variables will be overestimates. Similarly, because a person’s wage influences the decision to participate, there is the potential for reverse causality in the labour force status model, which would also lead to overestimates.
Unobserved variables
Some variables that are unobserved (such as ability) can influence wages, education or skill variables. For example, to the extent that education is positively correlated with ability, the estimated coefficients for education will be overstated. Some of the association accounts for people with higher ability undertaking more education.
Ability influences both cognitive and non‑cognitive skills (chapter 1). Literacy and numeracy data may capture some of the cognitive elements of ability. Chesters, Ryan and Sinning (2013) argue that literacy and numeracy variables are likely to capture some aspects of individual ability and broader skills not observed in models that use only educational attainment.
While unobserved factors are not accounted for in this report, any bias is unlikely to change the qualitative findings:
Leigh (2008), in a review of the literature that examined ability bias, concluded that Australian estimates for educational attainment in wages models might be biased upwards. In his analysis, Leigh concluded that ability bias meant education estimates were biased upwards by 10 per cent and adjusted results by that amount.
In the case of labour force participation, comparing estimates that did and did not allow for unobserved heterogeneity by using panel data, Laplagne, Glover and Shomos (2007) found that the marginal effects of education for men were practically the same; for women allowing for unobserved factors reduced the effects of education by about 10 per cent.
(continued next page)

	

	



	Box 3.1	(continued)

	Sample selection bias
Sample selection bias occurs when the data are not a random sample of the population. Wages are only observed for people who are employed — people who are unemployed or not in the labour force may have different characteristics. Restricting the sample to people who earn a wage could introduce biases into the estimation. 
To address this, a two equations approach (so-called Heckman approach) is used in this report when estimating the wages model — a ‘selection’ (employment) equation and a ‘principal’ (wage) equation. The selection equation estimates the likelihood that a person with a given set of characteristics will be employed. The wage equation includes an adjustment factor (based on the selection equation) to estimate a wage for everybody in the sample (including those unemployed and not in the labour force). Results indicate that there is a sample selection bias for men, but not women and that the approach corrects for this (appendix C). 

	

	


Variables used in the analysis
The Programme for the International Assessment of Adult Competencies (PIAAC) dataset includes many of the variables required to estimate the wage and employment models of the type described above. The variables are described briefly below, and in more detail in appendix B.
Employment and wages
The dependent variables are labour force status and the natural logarithm of wages:
Labour force status is a categorical variable indicating whether a survey participant is employed, unemployed or not in the labour force. 
An estimate of hourly wages was derived from information on annual wages and weekly hours usually worked in a person’s main job (appendix B).
Literacy and numeracy skills
Test scores for literacy and numeracy were used as they are measured on a scale of 1 to 500, which allows for more continuous variation compared with using discrete skill levels.
There was a strong positive correlation between literacy and numeracy skills (for example, see table 2.2, presented for skill levels). To address potential collinearity issues, a variable that accounts for both literacy and numeracy skills was created using principal component analysis (appendix B). The variable is a simple weighted average of literacy and numeracy test scores. As this variable is a measure of both literacy and numeracy, the links between either literacy or numeracy skills with labour market outcomes cannot be identified separately.[footnoteRef:8] [8:  	Given the observed correlation, it would not have been possible to identify different effects in any case. ] 

Education
Education was measured as highest qualification attained, grouped in 4 levels:
Year 11 or lower (this includes people with Certificates I and II)
Year 12
diploma or certificate (certificate is only for Certificates III and IV)
bachelor degree or higher.
Definitions of these attainment levels are in appendix B. Year 11 or lower is the default category, meaning that estimates associated with educational attainment are measured relative to having Year 11 or lower education.
3.2	Results
Results confirm a positive association between the simple measure of literacy and numeracy skills and both employment and wages. Marginal effects[footnoteRef:9] for the employment and wages models, and the implications of those results, are presented in this section. [9:  	A marginal effect measures the association between a change in one explanatory variable (for example, literacy and numeracy skills or education) and the dependent variable (in this case either labour force status or wages) when all other variables are held constant. ] 

Employment
The association between literacy and numeracy and different labour market states was estimated using a multinomial logit model.[footnoteRef:10] [10:  	In the labour force status model, the dependent variable is categorical, with three mutually exclusives outcomes (employed, unemployed or not in the labour force), requiring a multinomial model.] 

How important are literacy and numeracy skills for employment?
The marginal effects of literacy and numeracy skills associated with the probability of employment are positive and statistically different from zero (figure 3.1). For a given level of educational attainment, and controlling for other factors, a 50-point increase in a person’s average literacy and numeracy test score –– equivalent to one skill level for most people[footnoteRef:11] –– is associated with an increased probability of employment of about 2.4 and 4.3 percentage points for men and women, respectively. [11:  	For most people, an increase in test score of 50 points is equivalent to one skill level, as the 
cut-off between levels are 50 points apart except for people assessed below skill level 1 (table 2.1). (Appendix A has a discussion of skill levels and test scores).] 

Marginal effects for educational attainment are generally positive, but much larger for women than for men (figure 3.1). This likely reflects differences in the rate of employment among men aged 25–64 years (85 per cent) and women (72 per cent). The high employment rate among men means that there is less scope to increase male employment.
Figure 3.1	Marginal effects of literacy and numeracy and education associated with the probability of employment, 25–64 year oldsa
Increase in probability of employment for the average person
	


a Error bars indicate the 95 per cent confidence intervals.
Source: Appendix C.
The point estimates of the marginal effects for a 50 point increase in literacy and numeracy test scores are larger than those associated with completing Year 12 (as compared to having education of Year 11 or lower).
Further tests and details on literacy and numeracy skills
The marginal effect of literacy and numeracy skills associated with the probability of employment is similar across all levels of educational attainment. That is, an increase in literacy and numeracy skills is associated with a similar increase in the probability of employment whether a person has a degree, diploma/certificate or Year 12.[footnoteRef:12] [12: 	This was tested by including interaction terms for literacy and numeracy skills and educational attainment in the labour force status model. The coefficients on the interaction terms were not significantly different from zero.] 

Results for the association between literacy and numeracy skills and employment are consistent with those reported by the Organisation for Economic Co-operation and Development (OECD, 2013a). Although that study estimated the association between literacy (not numeracy) and labour force participation, results are similar when the model is estimated on a comparable basis.[footnoteRef:13] [13: 	The OECD (2013a) used a one standard deviation in literacy test scores and reported results using ‘odds ratios’. For comparability with the OECD (2013a), a change in literacy test scores of one standard deviation (47 points) was also used here and the model re-estimated for labour force participation. This gave an odds ratio of 1.23, very close to the 1.20 reported in OECD (2013a). An odds ratio of 1.20 means that a person is 20 per cent more likely to participate, given his or her probability of participating. That is, for someone with a 50 per cent probability of participation, an odds ratio of 1.20 implies that the person’s probability of employment increases to 60 per cent.] 

Marginal effects for literacy and numeracy skills were also estimated at different test scores to see how they change along the distribution of skills in the population. Although the relationship is depicted as non-linear, the statistical results imply that there is no difference in the rate of increase of the probability of being employed as skills increase (figure 3.2).[footnoteRef:14] [14: 	A test of significance for the marginal effects along the distribution did not reject the hypothesis that marginal effects were the same along the distribution.] 

Figure 3.2	Probability of employment by literacy and numeracy scorea
25–64 year olds
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a The marginal effect of a change in the probability of employment associated with a change in literacy and numeracy is estimated for different literacy and numeracy scores between 50 and 450, and is depicted by the slope of the line. Shaded areas represent 95 per cent confidence intervals.
Source: Authors’ estimates using PIAAC data.
The point estimate for a change in probability of employment associated with a change in literacy and numeracy score of 50 points is larger for women (4.3 percentage points) than it is for men (2.4 percentage points). The results for employment and unemployment can also be aggregated to the labour force participation level, so that they are comparable with Shomos (2010). When this is done, the probability of labour force participation associated with a 50 point change in test scores for women and men are 2.6 and 1.6 percentage points, respectively, similar to Shomos (2010) who reported marginal effects for women twice as large as that for men. 
How do the results compare with those from models without literacy and numeracy skills?
As discussed above, comparing models both with and without literacy and numeracy skills provides insights into the relationship between educational attainment and literacy and numeracy. 
The positive association between education and employment partly reflects the higher level of literacy and numeracy skills observed among those with higher educational attainment. After taking into account differences in literacy and numeracy skills, the marginal effect of improved educational attainment associated with the probability of employment decreases substantially (table 3.1). For men, the reduction in the marginal effect of a degree is over 40 per cent. For women, the decline is more modest (less than 25 per cent). That is, up to 40 per cent of the association between education and employment is attributable to literacy and numeracy skills — for example, those required to make inferences when reading texts.
Table 3.1	Marginal effects for educational attainment in the labour force status model, 2011–12a
25–64 year olds
	
	Men
	
	Women

	
	Model 1
	Model 2
	
	Model 1
	Model 2

	Probability of being employed
	
	
	
	
	
	
	

	Year 12
	3.2
	
	0.7
	
	
	5.5
	*
	3.1
	

	Diploma or Certificate
	7.3
	***
	5.3
	***
	
	14.7
	***
	11.7
	***

	Degree
	8.3
	***
	4.6
	**
	
	19.6
	***
	14.3
	***

	Literacy and numeracy
	-
	
	2.4
	***
	
	-
	
	4.3
	***

	Probability of being unemployed
	
	
	
	
	
	

	Year 12
	-0.4
	
	-0.2
	
	
	-1.0
	
	-1.0
	

	Diploma or Certificate
	-0.3
	
	-0.1
	
	
	-1.0
	
	-1.0
	

	Degree
	-1.6
	*
	-1.2
	
	
	-1.1
	
	-1.1
	

	Literacy and numeracy
	-
	
	-0.3
	
	
	-
	
	-0.1
	

	Probability of being NILF
	
	
	
	
	
	
	

	Year 12
	-2.8
	
	-0.5
	
	
	-4.5
	*
	-2.2
	

	Diploma or Certificate
	-7.0
	***
	-5.2
	***
	
	-13.7
	***
	-10.7
	***

	Degree
	-6.7
	***
	-3.4
	*
	
	-18.5
	***
	-13.2
	***

	Literacy and numeracy
	-
	 
	-2.1
	***
	 
	-
	
	-4.2
	***


a Marginal effects are estimates of the change in the expected probability (percentage points) of a particular labour force status associated with either a change in level of educational attainment (relative to having Year 11 or lower education), or a 50 point change in average literacy and numeracy test scores. Model 1 (without literacy and numeracy) and model 2 (with literacy and numeracy) are described above.  
*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Appendix C.
Other factors that might affect the association between employment and literacy and numeracy skills were also considered (results are in appendix C), including a person’s English speaking background. For women, being born in a non-English speaking country increased the likelihood of being unemployed (by 2.2 percentage points). In model 1, the probability of employment among women born in non‑English speaking countries is about 8 percentage points lower than for women born in Australia. After taking into account literacy and numeracy differences in model 2, this is reduced to about 5 percentage points.[footnoteRef:15] Therefore, factors other than literacy and numeracy skills also contribute to reducing the employment prospects of women from non‑English speaking backgrounds.  [15: 	This marginal effect was still statistically different from zero.] 

In the case of wages, Barrett (2012) suggested there could be differences in other unmeasured productive characteristics, or possibly discrimination against immigrants of a non‑English speaking background.
Wages
How important are literacy and numeracy skills for wages?
As was the case in the participation model, an increase in adult literacy and numeracy is associated with higher wages. The marginal effects of literacy and numeracy skills are positive and statistically different from zero (figure 3.3). For a given level of educational attainment, and controlling for other factors, a 50-point increase in average literacy and numeracy score is associated with an increase in wages of about 10 per cent, for both men and women. 
Figure 3.3	Marginal effects for skills and education in the wages modela
Increase in wages, per cent
	


a Error bars show the 95 per cent confidence intervals for marginal effects.
Source: Appendix C.
Marginal effects of educational attainment are positive and similar for men and women. The results imply that the positive association between raising literacy and numeracy skills by one skill level and wages is similar to that of increasing educational attainment from Year 11 to Year 12 or to diploma/certificate.
Results were similar to those of the OECD (2013a), which estimated the change in wages associated with a change in literacy[footnoteRef:16] and with results from Hanushek et al. (2013) who estimated the change in wages associated with a change in numeracy.[footnoteRef:17] [16:  	A version of the model was estimated with literacy only (not numeracy). A change in literacy test scores of 47 points was associated with a change in wages of 8.4 per cent, compared to 7.5 per cent reported by the OECD (2013a).]  [17:  	Hanushek et al. (2013) estimated that the change in wages associated with a one standard deviation change in numeracy skills was 10.1 per cent, for a model that pooled PIAAC results across countries.] 

How do the results compare with those from models without literacy and numeracy skills?
Estimates of the association between education and wages are reduced by about one-quarter to one-third for most levels of educational attainment, when literacy and numeracy skills are included (table 3.2). Therefore, as was the case for employment, about two-thirds to three-quarters of the association between educational attainment and wages occurs because education produces attributes other than literacy and numeracy that are valued in the workplace.
Table 3.2	Educational attainment marginal effects for wages models, 2011–12a, b
25–64 year olds, per cent
	
	Men
	
	Women

	Explanatory variable
	Model 1
	Model 2
	
	Model 1
	Model 2

	Degree or higher
	71.3***
	54.1***
	
	63.8***
	46.6***

	Diploma or Certificate
	19.0***
	14.5***
	
	16.3***
	11.5***

	Year 12
	17.3***
	10.1** 
	
	14.6***
	10.0***

	Literacy and numeracy
	
	9.8***
	
	
	11.3***


a Marginal effects are estimates of the increase in wages (per cent) associated with a change in the explanatory variable. Model 1 (without literacy and numeracy) and model 2 (with literacy and numeracy) are described above.  b Estimates for educational attainment are relative to having Year 11 or lower education.
*** significant at 1 per cent, ** 5 per cent and * 10 per cent.
Source: Appendix C.
Other factors that might affect the association between employment and literacy and numeracy skills were also considered (appendix C). There is a negative association between being born in a non‑English speaking country and wages. This was reduced from about -7 per cent (for men and women) to about -3 per cent for men and 
-2 per cent for women once literacy and numeracy skills were added to the model (appendix C). Therefore, more than half of the wage ‘penalty’ from having a non‑English speaking background is accounted for by lower literacy and numeracy skills.[footnoteRef:18] [18:  	As noted in chapter 2, both literacy and numeracy were lower for immigrants from a 
non-English speaking background. This could occur because the tests were done in English.] 

The association between labour market experience and wages was similar in models which did and did not include literacy and numeracy skills (appendix C). Therefore, there does not appear to be a relationship between experience and literacy and numeracy in determining wages –– suggesting that these skills are not acquired on the job. This is consistent with Barrett (2012) and Shomos (2010) and indicates that these empirical relationships have been stable through time.
3.3	Conclusion
Literacy and numeracy skills are an important component of human capital and higher levels of human capital are linked to better labour market outcomes. People with higher literacy and numeracy skills are, on average, more likely to participate and have higher wages than people with lower skills (chapter 2). The multivariate analysis in this chapter showed that, all else equal, an increase in literacy and numeracy of about one skill level is associated, on average, with an increased likelihood of employment of about 2 to 4 percentage points and 10 per cent higher wages.
Having estimated the potential returns associated with an improvement in skills and labour market outcomes, another question is how to improve literacy and numeracy. 
Literacy and numeracy skills can be acquired in many ways, including during early childhood, through formal education, through on‑the‑job learning, and in day‑to‑day activities (chapter 1). This paper did not consider how important each of these factors is for developing or maintaining literacy and numeracy skills.
The results in this chapter do, however, suggest a strong link between educational attainment and literacy and numeracy skills in explaining labour market outcomes. Literacy and numeracy account for up to 40 per cent of the association between educational attainment and labour market outcomes. The results are consistent with education producing other skills and knowledge that are valued in the workplace such as higher order skills and non‑cognitive skills, including perseverance and leadership (Barrett 2012).
Although education and literacy and numeracy are closely related, the analysis in chapter 2 highlighted that any increase in literacy skills since 2006 was probably small and numeracy skills were unchanged between 2006 and 2011–12. This was despite increases in educational attainment over that period.
People with higher levels of literacy and numeracy can understand information from dense texts and complex or abstract mathematical information. Improving literacy and numeracy is likely to lead to increases in other components of human capital, such as knowledge and higher order critical thinking. Improving these other aspects of human capital is also important for labour market success.
To summarise, literacy and numeracy skills are an important component of a person’s human capital, and contribute to the development of other aspects of human capital. The modelling in this chapter demonstrated that, all else equal, there are strong links between literacy and numeracy skills and employment and wages.
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