	
	


	
	



B
The Education and Labour Market Outcomes model
Three appendixes are devoted to the Education and Labour Market Outcomes (ELMO) model. This appendix provides an outline of the modelling task set out in the terms of reference and the Commission’s general approach, as well as a simple and intuitive explanation of the model. Appendix C discusses the data used to link the model to the real world. The reform simulations undertaken with the model and the results are presented in appendix D. Readers looking for a basic understanding of the ELMO model and its application to Council of Australian Governments’ (COAG) vocational education and training (VET) reforms are advised to read this document and appendix D.

The Commission is committed to ensuring that its modelling work is transparent. In this spirit, the appendixes fully document every equation and parameter in the ELMO model. In addition, the modelling code will be released on the Commission’s website so that interested parties can replicate the results and apply the ELMO model to their own research.

B.1
The modelling task

The terms of reference require the Commission to report on the effects of various COAG VET reforms. This raises two questions — what reforms should be assessed, and what effects should be estimated? Discussion of the first question is located in chapter 1. In terms of the second question, the terms of reference ask the Commission to assess the benefits, costs and fiscal effects of the reforms.
Consistent with mainstream economics, benefits and costs are defined broadly to include anything that affects people’s wellbeing. The Commission’s definition goes beyond changes in gross domestic product (GDP) to consider all relevant benefits and costs. Changes in GDP are sometimes used as a ballpark indicator of benefits. GDP is a measure of the economic activity that happens in markets — it does not consider the value of non‑market activities, such as leisure and caring for family.

To see the implications of excluding non‑market activities, consider the following example. Suppose a reform causes people to move into paid employment where they produce $30 an hour worth of goods and services, and that the value of their non‑market activities, which must be given up in order to work, is $20 an hour. In this case, GDP increases by $30 an hour, but the net benefit is only $10 an hour. This shows that the selective exclusion of benefits and costs can result in misleading conclusions, and highlights the rationale for not estimating GDP effects in the present analysis.

The terms of reference ask the Commission to estimate the implications of COAG VET reforms for participation, productivity and social inclusion. These effects are sources of benefits, since they tend to increase people’s wellbeing. An increase in participation or productivity increases the availability of goods and services, while people generally benefit from participating in their communities.

By contrast, fiscal effects sit outside the benefit–cost framework. They are essentially transfers between people. If someone pays an additional $100 in tax, that person has $100 less and the government (or beneficiaries of government spending) has an additional $100. There is a positive fiscal effect from the government’s perspective, but it washes out from a benefit–cost perspective — it is assumed that the cost to the taxpayer is equal to the benefit to the recipient of government spending.
This makes the value judgment that an additional dollar to one person should be treated the same as an additional dollar to another. This value judgment is also implicit in the Commission’s definition of net benefit, which similarly abstracts from distributional effects. The conceptual relationship between key reporting measures is summarised in table B.1.
Table B.1
Conceptual relationships between key reporting measures

	Terms of reference
	Indicator

	Immediate effects
	Change in educational attainment

	
	Change in occupation

	Productivity
	Change in average wages

	Participation
	Change in employment

	Gross payments to labour
	Change in employment multiplied by productivity multiplied by population

	Social inclusion
	Change in literacy and numeracy

	Benefits and costs
	Changes in gross payments to labour, social inclusion, non‑market activity, and more

	Fiscal effects
	Change in tax revenue less government spending


The final modelling task required by the terms of reference is to examine how sensitive the results are to plausible changes in key parameters. 

B.2
The modelling approach — an overview
The ELMO model was developed especially for this study, based on the modelling task discussed above. That said, the model is fairly general, and can easily be used to examine other types of education reform. It builds on previous Commission work on the benefits and costs of hypothetical education reforms under the National Reform Agenda (PC 2006). That report used economic modelling to estimate the consequences of assumed changes in education levels. The ELMO model is fundamentally different in that it can be used to estimate both the changes in education levels and the consequences of those changes.
The Commission has drawn on the economics of education literature in developing the ELMO model. The central theme of this literature is that the education that people receive is, at least partly, based on their decisions. Some people might choose to undertake a certificate at a local VET institution, whereas others might not. (It is recognised that people face constraints that could rule out some options.)

Becker (1974) developed a theory to explain how people make these decisions. He argued that people invest in human capital through education to increase their options to secure better work and various non‑monetary benefits. According to human capital theory, people compare the benefits and costs, as they perceive them, from different types of education when making education decisions. Human capital theory has become widely accepted as an explanation of the motivation for education (Quiggin 1999). 

If education decisions are based on some assessment of benefits and costs, and education decisions differ across people, it must be that the benefits or costs of education also differ across people. Heckman, Stixrud and Urzua (2006) offer evidence that people’s underlying abilities can affect the increase in wages they receive from education. For example, a person with low cognitive ability might struggle to learn and apply the knowledge taught in VET. Hence, difference in underlying abilities is one explanation for why there is a wide range of education decisions, and why some people might choose to undertake a certificate at a local VET institution, whereas others might not.

The ELMO model is essentially a traditional partial-equilibrium individual education investment model, where the benefits and costs of education depend on people’s ability. As such, it is consistent with both Becker’s (1974) and Heckman, Stixrud and Urzua’s (2006) education models.

B.3
A stylised version of the ELMO model
The main concepts behind the ELMO model can be explained with a number of stylised diagrams. The model is a traditional education investment model, where the benefits and costs of education depend on a person’s ability. Suppose that child care is the only type of work available. In this case, ability would be defined as the potential to learn the skills necessary to be a good child care worker and apply those skills in the workplace.

To model ability, every person is assigned a score — the least able person is given zero and the most able, one. Figure B.1 shows two hypothetical people, A and B. The scores are interpreted as percentiles, so that Person A, who has a score of 0.3, has higher ability than 30 per cent of the relevant population. 
Figure B.1
Ability with respect to work in child care
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Optimisation

Ability determines the benefits of different education options in the ELMO model. Two education options are illustrated in figure B.2. The Year 11 (Y11) curve represents the (monetary and non-monetary) benefits associated with a Year 11 education for people of different ability. The curve slopes upwards, indicating that people who have a Year 11 education receive larger benefits as ability increases. The Certificate III (Cert III) curve has a similar interpretation. Since having a Certificate III tends to increase people’s income, relative to Year 11, the Certificate III curve will be higher than the Year 11 curve. 
The benefits of additional education could depend on people’s ability.
 One possible explanation is that people with higher ability might be better at learning and applying the skills acquired from additional education. The magnitude of the benefits in moving from Year 11 to a Certificate III, for someone of a given ability, is illustrated by the distance between the curves. 

Figure B.2
Benefits associated with different education options and abilities
	
[image: image2]


The costs of education are also relevant, and include course fees and forgone income as a result of time spent studying. Unlike benefits, the costs are assumed not to depend on ability.

Net benefit curves are derived by subtracting the costs from the benefits (figure B.3). People select the education option with the highest net benefit. The net benefit associated with Year 11 exceeds the net benefit associated with a Certificate III for people with ability lower than 0.4. In other words, the increase in benefits from a Certificate III are not sufficient to cover the increase in costs, and these people are unlikely to undertake a Certificate III. By contrast, net benefits associated with a Certificate III exceed the net benefits associated with Year 11 for people with ability above 0.4.

This stylised representation of the ELMO model can be used to illustrate the effects of various reforms. Given that education decisions are based, to some extent at least, on an assessment of net benefits, any reform that influences the net benefits of education has the potential to affect the number of people undertaking a Certificate III.
Figure B.3
Net benefits associated with different education options by ability
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Assume that the government introduces a subsidy for Certificate III qualifications, thereby increasing the net benefits relative to Year 11 (figure B.4). In this case, the Year 11 curve is unchanged, but the Certificate III curve shifts upwards(to Cert III’). As a result, some people who previously would not have undertaken a Certificate III would now find it worthwhile to do so.

In this hypothetical example, the ability score at which people are indifferent between the education options moves from 0.4 to 0.3 as a result of the subsidy, causing a large shift towards Certificate III qualifications.
The effect of the subsidy, and any other reform that influences the relative net benefits of the education options, depends on the magnitude of the subsidy (which determines the extent to which the curves shift) and the slopes of the curves. In general, the more similar the slopes of the curves, the greater the effect of the subsidy. That is because with similar slopes there are many people who do not feel strongly either way, and could easily be induced to change their decisions.
Figure B.4
The effect of a subsidy to students undertaking a Certificate III
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Reporting 

The first part of the model estimates the effects of a policy change stemming from the reform agenda on individuals’ decisions, and by implication, the number of people in each education group. The second part examines the consequences, including the benefits and costs of the reform to the community and the fiscal effects.

In calculating the net social benefit it is necessary to include all relevant benefits and costs. The net benefit curves in figure B.4 reflect only the benefits and costs to students and miss the external benefits and costs to the wider community as a result of students’ decisions. External effects can arise because of market distortions such as externalities. Some distortions of this type (chapter 2) are included in the full ELMO model. 

For simplicity, it is assumed in this appendix that there are no substantial distortions. This means that the private net benefit curve in figure B.4 can be used to measure net social benefit. For example, the social net cost of a subsidy is given by the vertical distance between the two original curves for people who are motivated by the subsidy to undertake a Certificate III (figure B.5). Although some people are better off due to the subsidy, these gains are more than offset by losses to people who bear the expense of the subsidy. 

Figure B.5
The welfare loss from a subsidy in the absence of other distortions (assuming there are no external benefits)
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B.4
The ELMO model
The first part of this section discusses the differences between the ELMO model and the stylised representation discussed above. The second explains how the model solves and reports on key effects.

The ELMO model has much broader coverage than the stylised representation discussed above, including:

· blue collar and white collar occupations and abilities, which in combination, cover the range of abilities required to perform all possible jobs
· 10 000 people with different abilities, each representing a number of people in the population

· five education levels

· multiple education and work options.
Work types and abilities

The ELMO model includes two occupation types — blue and white collar. These are the same classifications used by Heckman, Stixrud and Urzua (2006). Accordingly, a person’s ability has two dimensions, and this can be represented in a diagram. In figure B.6, the ability to undertake blue collar work is expressed along the horizontal axis, while the ability to undertake white collar work is expressed along the vertical axis. Units of measurement along each axis are percentiles. For example, Person A has high white collar ability (on the 70th percentile), but low blue collar ability (on the 30th percentile). Person B has average white collar ability (on the 50th percentile), and high blue collar ability (on the 80th percentile).

Figure B.6
Blue collar and white collar ability
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Representative people

In ELMO, it is assumed that there are 10 000 representative people evenly spaced throughout the box in figure B.6. Each represents a number of people in the population being considered. For example, Person A might represent 10 people, while Person B might represent 15 people.
If blue collar and white collar abilities are positively correlated, people are more likely to be talented at blue collar and white collar work than talented at one and poor at the other. In this case, it would be desirable to attach a higher weight to people with similar levels of blue collar and white collar ability. 
Education levels

The ELMO model adopts the following classification of education levels.
· Year 11 or lower (including Certificates I and II) 
· Year 12

· Certificates III and IV

· Diploma (including Advanced Diploma)
· Degree or higher.
Individuals are assigned to a level on the basis of their highest educational attainment. For example, someone with a Certificate III or IV and a Diploma is assigned to the Diploma group. This approach was adopted over alternatives because it is consistent with the way that the Australian Bureau of Statistics (ABS) collects data, and much of the empirical research on the relationship between human capital and labour market outcomes. The ABS classifications were also used to rank the education levels from lowest to highest.

Education–work options
The ELMO model simultaneously chooses people’s education level and work type to maximise net benefits for every person in the model. The five education levels and two work types create 10 possible combinations of these two variables. However, only seven are assumed to be valid (table B.2). Although this is a simplification, it is assumed that blue collar workers do not receive labour market benefits from Year 12, Diploma and Degree or higher study. Since people are unlikely to select education levels that have costs without benefits, these 
education–work options can be ruled out.

Table B.2
Valid combinations of education level and work type

	
	Blue collar
	White collar

	Year 11 or lower
	(
	(

	Year 12
	(
	(

	Certificates III or IV
	(
	(

	Diploma
	(
	(

	Degree or higher
	(
	(


Optimisation

People have an individual net benefit table, which shows the net benefit associated with different education–work options (table B.3). In the stylised representation of the model (section B.3), this is equivalent to the height of the net benefit curve for each education level, for people of different abilities. People select the education–work option with the highest net benefit. In this example, Person A chooses a Diploma and white collar work and Person B chooses a Certificate III or IV and blue collar work.

Table B.3
Hypothetical net benefit associated with different education–work options for people with different abilities

Net present value
	
	Person A
	Person B

	
	$
	$

	Year 11 or lower and blue collar
	1 100 000
	1 150 000

	Certificate III or IV and blue collar
	1 150 000
	1 300 000

	Year 11 or lower and white collar
	1 150 000
	1 100 000

	Year 12 and white collar
	1 200 000
	1 150 000

	Certificate III or IV and white collar
	1 250 000
	1 200 000

	Diploma and white collar
	1 400 000
	1 150 000

	Degree or higher and white collar
	1 300 000
	1 100 000


Net benefits

The net benefit of an education–work choice received by an individual depends on his or her abilities. For example, Person A will receive higher net benefits from white collar work than Person B because Person A’s white collar ability is higher. For each person, the perceived net benefit from an education–work option can be expressed as:
perceived private net benefit = private benefit – private cost + residual + overestimate
(1)

The perceived private net benefit is expressed in net present value terms — future values are discounted to reflect the fact that a dollar in the future is worth less than a dollar today. The private benefit and private cost terms are explained below. The residual term captures any benefits and costs that would otherwise be missing from the equation. For example, the non-monetary benefits of education are, at least partly, reflected in the residual. Finally, the overestimate term allows for the possibility that people might overestimate or underestimate the net benefit associated with different education–work options. For example, people from disadvantaged backgrounds might underestimate the benefits from a Degree (chapter 2).
Private benefits

For each person, the private benefit associated with an education–work option can be expressed as:
 
private benefit = after tax earnings – value of non-market activity forgone as a result of working
(2)

The private benefit depends on wages (as well as other parameters, such as the tax rate and the probability of being employed). An education–work option with higher wages will lead to an increase in an individual’s after‑tax earnings, all else equal. Wages are modelled as a cubic function of ability to enable sufficient flexibility. For example, the relationship between wages and white collar ability for individuals with Year 11 or lower education could be:

wage (Y11, white) = 10 + 10*W – 4*W2 + 0*W3
(3)

where W is white collar ability. Drawing on the example used in figure B.6, Person B’s wage would be $14 per hour (W = 0.5), and Person A’s would be around $15 per hour (W = 0.7).

The wage equation for Year 12 and white collar could be:
wage (Y12, white) = 10 + 15*W – 4*W2 + 0*W3 
(4)

In this case, Person B’s wage would be $16.50 per hour, and Person A’s would be around $18.50 per hour. 

It is assumed that blue collar ability does not contribute to wages in white collar work, and vice versa. This assumption is less restrictive than it might initially seem, because it does not rule out the possibility of substantial overlap in blue collar and white collar ability. For instance, intelligence and a good work ethic are likely to increase people’s blue collar and white collar ability. 
Private costs

For each person, the private cost associated with an education–work option can be expressed as:

private cost = private money cost + after‑tax time cost
(5)

The private money cost is the amount paid by the person for their education. The time cost is the amount of money the person could have earned, after tax, if they used the time spent on education to work instead. The private cost does not depend on the type of work chosen, or ability. 

Calibration of residuals

The values of the residuals are determined through model calibration (box B.1). The ELMO model uses an algorithm to uncover the values of the residuals that equate the modelled number of people in each education–work group with ABS data. For example, if the ELMO model solves for too few people in the Certificate III or IV and blue collar group, the residual assigned to that group is increased. The ELMO model makes hundreds of these adjustments, continuing until the model is calibrated. 
Reporting

The ELMO model disaggregates the predicted education–work outcomes to report on the estimated number of people in eight ABS occupational classifications (sub‑major groups in the Australian and New Zealand Standard Classification of Occupations). The ELMO model parameters include estimates of the likelihood of people in each education–work group working in these occupations. For example, four per cent of people in the Certificate III or IV and blue collar group might be construction labourers, compared with six per cent in the Year 11 or lower and blue collar group. To estimate the number of construction labourers, these probabilities are multiplied by the estimated number of people in each education–work group. The resulting numbers are then summed across education–work groups.
	Box B.1
The motivation behind model calibration

	As discussed in previous sections, the ELMO model assumes that people make education and employment decisions based on an assessment of benefits and costs, given the information available. If the ELMO model allocates fewer people to the Certificate III or IV and blue collar group than observed, it suggests that the model has underestimated the perceived net benefits of the Certificate III or IV and blue collar option (relative to other options). Assuming that the benefits and costs explicitly captured by the ELMO model have been estimated accurately, there must be unobserved benefits or costs (such as non-monetary benefits or costs) that have motivated people to make decisions that are inconsistent with the predictions of the model. Calibration enables these unobserved benefits and costs to be taken into account. Although the corresponding residuals can be interpreted as the consumption value of education (if positive) or the disutility of education (if negative), they could also include the effects of statistical or measurement errors that might affect the model predictions or the dataset against which it is calibrated. In this study, the residuals are interpreted as non-monetary benefits or costs of education and are identified separately. This allows readers to abstract from them if preferred.

	

	


The ELMO model combines information on people’s abilities with their estimated education–work decisions to report on a range of effects, including net social benefits, participation, productivity, social inclusion (as indicated by literacy and numeracy), criminal activity, and fiscal impacts. 

Gross payments to labour and net social benefits

As discussed above, the ELMO model reports both gross payments to labour and a more precise measure of net social benefits that is consistent with mainstream welfare economics.

Gross payments to labour are calculated as the average wage (productivity) multiplied by the total number of hours worked (employment) less forgone economic activity as a result of time spent studying. To calculate net social benefits from gross payments to labour the following equation is applied:

net social benefit = gross payments to labour – money cost of education – value of non‑market activity forgone by working + adjustment to capture the value of government revenue + external benefits + residual 
(6)

Social inclusion
Some benefits are difficult to quantify. Social inclusion relates to people’s ability to engage in community life. The main indicators of social inclusion in the ELMO model are literacy and numeracy, which enable people to participate more fully in employment and community activities. The ELMO model links people’s literacy and numeracy to their education levels. Hence, it is possible to estimate literacy and numeracy based on estimated education levels. 

Partial fiscal effects
There are two main fiscal effects in the ELMO model. In the short run, there are expenditure on education and a reduction in net tax revenue (that is, tax revenue less welfare payments) based on the time people devote to education. Tax revenue falls because any increase in time spent on education is matched by a decrease in time spent working (with no change in leisure). This reduces labour market earnings, and net tax revenue, in the short term. In the long term, education has the potential to increase labour market earnings relative to the baseline, and this will tend to increase net tax revenue. The overall fiscal effect is the sum of these short and long term effects. 

Simulations

To simulate a reform using the ELMO model, the model is run once with net benefit tables that define the baseline scenario and again with different net benefit tables that define the alternative scenario. For example, the baseline scenario could involve low subsidies to Certificate III and IV education–work options, while the alternative scenario could have higher subsidies. The results are compared to estimate the effects of the subsidies. 

Sensitivity analysis

There is always uncertainty in quantitative analysis. One of the advantages of modelling is to better understand what range of results is plausible, given the uncertainty surrounding key parameters. In the ELMO model, parameters can be specified as having particular distributions. For instance, the value of the government revenue parameter could be modelled as having a normal distribution with a mean of $0.3 (per dollar of government revenue) and a standard deviation of 0.1. Sensitivity analysis can be conducted for many values of the parameter jointly. The results can then be expressed as a distribution or confidence intervals, rather than a single estimate of the simulation outcome. 

B.5
Key assumptions

While the model is fairly general, there are some important assumptions. First, people are able to borrow sufficient money to finance education that has private net benefits. This rules out the possibility that people cannot undertake education because of credit market issues.

Second, ability has no effect on education costs. This is a simplification, since people with higher ability might be able to learn the course material in less time, thus reducing the time cost.

Third, people can acquire any education they are willing to pay for, subject to availability. That is, there are no entry requirements. If the number of places in an education option is limited, available places are rationed to those who benefit most from them. 
Fourth, people undertake education early in their lives. The effects of reforms on mature learners are addressed through a different methodology (appendix E).

Fifth, the reforms are small enough to have minimal impact on prices, such as wages and education fees. This assumption could be violated if a reform caused a large influx of students into an area, such as hairdressing. In the short term, this could increase the costs to providers of running hairdressing courses, as they must compete for qualified people to run the courses. This is likely to increase the prices of hairdressing courses to students. The growth in the number of hairdressing students could also depress the wages of hairdressers when the students graduate, by increasing the supply of hairdressers. These effects are not modelled. Labour demand curves are assumed to be approximately flat over the relevant range and labour markets are assumed to clear. For many of the reforms modelled, these partial-equilibrium assumptions are likely to be reasonable approximations. 
Sixth, government subsidies do not reduce the number of privately-funded VET places. ‘Crowding out’ occurs when subsidised places are taken by people who would otherwise have paid for a place themselves. The assumption that there is no crowding out increases the probability that the ELMO model will overestimate the effects of a subsidy on the total number of qualifications. 
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� 	Adjustment for ability differences is a research methodology that dates back to at least Psacharopoulos (1975) and more recently, has been noted by Kortt and Leigh (2010).


� 	The historical context for consideration of the value of non-market activity is detailed by Eckaus (1973).
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