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Abstract 
This paper simultaneously examines the effects of age, period and birth cohort on the evolution 

of the Australian gender wage gap from 2001-18. It employs the proxy variable approach within 

the Mincerian earnings function to overcome the Age-Period-Cohort (APC) identification 

problem while also controlling for employment selection and individual human capital 

accumulation. The paper corroborates previous evidence of a widening gender wage gap with 

age. It also provides new evidence of period effects suppressing female wage rates compared 

to male rates. However, as opposed to expectations, the study finds no significant influence of 

birth cohort effects on the Australian gender wage gap. The results also suggest that the failure 

to control for period effects can lead to significant cohort effects or substantial overestimation 

of age or cohort effects on wages. The findings of the paper have implications for a range of 

studies that employ Mincer-type earnings functions in addition to policy implications. 
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1 Introduction 

Two different ways of measuring gender equality that assume particular significance in the 

economic literature are earnings and the wage rate. The earnings of an individual act as an 

indicator of his or her relative social and economic importance compared to another individual. 

The wage rate, in comparison, represents a person’s education, training, previous work 

experience and expected future labour force participation likelihood in a single statistic(Goldin 

2014). The gender difference in wages, therefore, is considered an important indicator of their 

respective socio-economic conditions and relations, and researchers have long been investing 

their time and energy to understand various aspects of this phenomenon. The present paper 

contributes to this literature by focusing on the effects of birth cohort (i.e., the effects of birth 

year) in comparison to age and period effects (represented by years since birth and current year, 

respectively) in the convergence or persistence of the Australian gender wage gap between 2001 

and 2018. 

In the last several decades, the human capital gap between men and women has significantly 

closed or even reversed, in Australia and several other OECD countries amid improvements in 

the legal framework that aimed at ensuring equal treatment of the genders. For example, in 

terms of upper secondary graduation rate, tertiary level education attainment and life 

expectancy, women have surpassed men across the OECD countries (OECD 2017, 2018). The 

story is analogous in Australia where women are performing better than men in attaining year 

12 education or above and bachelor’s degree or above. Australian women have also been shown 

to have higher life expectancy than men as well (ABS 2018b). In the legal arena, a considerable 

number of laws have been passed over time in many of the same countries to ensure equal pay 

and equal opportunity for all citizens and eradicate discrimination based on gender, age and 

such factors from the workplace (Pike 1982; Fagan and Rubery 2018; O’Reilly et al. 2015; 

Christofides, Polycarpou, and Vrachimis 2013; Cobb‐Clark 2012; Byrnes 2013; Charlesworth 

and Macdonald 2015). 
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It is, therefore, reasonable to expect that such advances would reflect in women’s labour market 

performance and outcomes. However, such expectation has not been materialized. Especially, 

the male-female wage gap has proved to be persistent after a certain point. For example, the 

median income of full-time female employees showed only little change across the OECD in 

the past decade to equal 14.3 percent less than that of male employees in 2015 (OECD 2017). 

Likewise, in the case of ordinary time weekly earnings of full-time employees in Australia, the 

average female earnings were 85 percent of the average male earnings in 2018. This figure also 

has been fairly persistent over the last decade (ABS 2018b).  

Understandably, recent research has been increasingly concentrating on how the gender pay 

gap progresses over an individual’s life cycle or how it varies between different cohorts (e.g., 

Tyrowicz, Velde, and Staveren 2018; Fortin 2019; Erosa, Fuster, and Restuccia 2016). However, 

these studies often ignore or poorly address the APC identification problem, which arises from 

the statistical difficulty of separating these three effects from each other due to the identity, 

survey year = birth year + age. Without this linearity problem properly addressed, it would 

continue to be unclear, for example, whether any difference in the observed gender wage gap 

between two cohorts at a single time period is actually the result of birth cohort effects or age 

effects. 

Under these circumstances, the present paper develops a number of appropriate proxies and 

uses them within the Mincer wage equation to estimate the impact of the age, period and cohort 

variables on the Australian gender wage gap and isolate the APC effects from traditional human 

capital effects. Our results suggest that age is a significant predictor of the gender wage gap. 

Moreover, if period effects are not controlled for, age and cohort effects on wages are likely to 

be overestimated in Mincer-type earnings functions. The results also show that period effects 

contribute less to women’s wage rates than to men’s, meaning the gender wage gap is more 

likely to worsen from year-to-year changes in the socio-economic environment. Finally, the 
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paper reveals no significant wage gains across female birth cohorts in Australia as recent female 

cohorts are not performing better than their male counterparts. 

It is noteworthy that even after controlling for both APC variables and education and tenure, 

the age effect remains significant whereas the cohort effect has disappeared both for male wages 

and for male-female wage differences. This result contrasts with some of the previous studies 

that have ignored such controls and thus found significant effects of birth cohorts on these 

wages (e.g., Beaudry and Green 2000; Abe 2010). This finding has implications for studies 

utilising Mincer type equations for different purposes without properly addressing the APC 

problem, such as estimating the life-cycle wage inequality, since they can also be over- or 

under-estimated.  The study also provides some policy suggestions based on the findings. 

The rest of the paper is organized as follows. The next section introduces APC analysis, 

explains how it is useful for wages and reviews how it has been used in the past. Section 3 lays 

out the empirical strategy. Section 4 and 5 describe the data and empirical evidence, 

respectively. Finally, section 6 concludes. 

2 Age, Period, Cohort Effects and Wages 

2.1 The Basic APC Model 

Researchers from different branches of social and human sciences have long been attempting 

to differentiate the individual effects of age, period and cohort on some outcome variable of 

interest for developing an understanding of that particular outcome. The result has been the 

advancement of age-period-cohort (APC) analysis, which traditionally results in the 

simultaneous quantification of age, period, and cohort effects from a single statistical equation 

(Luo 2013a). In APC analysis, age effects represent changes within individuals as they become 

older, which can be both biological and social. Period effects reflect developments occurring 

over time that affect all age groups at the same time (Yang and Land 2013). In contrast, cohort 

effects refer to changes that occur to a group because of being exposed to a specific event at a 
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specific period, such as birth or marriage during a particular time. A birth cohort, which is 

formed of the individuals born within a given year or some other period, constitutes the most 

studied unit of analysis in social sciences (Glenn 2005; Yang and Land 2013). 

To the extent that age, period and cohort represent different sets of socio-economic and 

environmental relationships, studies that distinguish their differences will continue to be 

valuable for analytic purposes (Yang and Land 2013). In the labour market, disentangling the 

effects of age, period and cohort from each other therefore is crucial for developing a proper 

understanding of the pay gap between different groups as it helps to identify the individual and 

social mechanism working behind it.  

2.2 Age Effects 

Men and women differ from each other in health and aging, which originates from biological 

as well as from behavioural and lifestyle choices (Oksuzyan et al. 2008; Dennerstein et al. 1998). 

Although poor health decreases the probability of participation in the labour market for both 

men and women, it is the old and especially the elderly females who observe the greatest fall 

in the participation rate (Cai 2010; Cai and Kalb 2006). It is also reasonable to assume that part 

of the health problems of working women would not be reflected in any kind of health 

assessment despite having implications for productivity and wages. As Jäckle and Himmler 

(2010) have found in Germany, better health status leads to higher wages for males, but for 

women, it mainly affects their participation rate and not the wages. 

The aging process also comes for women as a source of greater anxiety (Barrett and Rohr 2008) 

and lower self-esteem (McMullin and Cairney 2004). Older women are also more vulnerable 

regarding body shape and body image than older men (Ferraro et al. 2008). Works on non-

cognitive skills and labour market performance (e.g., Santos-Pinto 2012; de Araujo and Lagos 

2013; Fortin 2008; Mueller and Plug 2006) have established that the difference in personality 

traits along these lines can contribute to the wage gap. One of the channels through which this 
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relationship may operate is through the effects of personality traits on individual productivity 

(Cubel et al. 2016), and thus labour demand. There may also be greater demand from employers 

for workers with particular job attributes, while those attributes may be connected with certain 

individual traits (Cobb-Clark and Tan 2011). 

The physical and psychological aspects of ageing are also challenging for older women because 

of the views that society generally holds regarding women and ageing. For example, some 

studies (e.g., Hawkins 1996) have shown that men generally hold a more negative view of 

elderly women than women do, although opposite results are also available (e.g., Barrett and 

Rohr 2008). In the labour market, however, there is multiple evidence of the prevalence of 

negative attitudes towards older workers (e.g., Bendick, Brown, and Wall 1999; Bendick, 

Jackson, and Romero 1996; Gringart, Helmes, and Speelman 2005; Farber, Silverman, and 

Wachter 2016), with considerable evidence of elderly women workers being the most 

discriminated against (e.g., Neumark, Burn, and Button 2019; Gringart and Helmes 2001). 

2.3 Period Effects 

In the labour market, the period effect may especially arise from technical progress or other 

labour market variables (Heckman and Robb 1985). The impact of technological advances on 

wages can be both positive and negative. As argued by Acemoglu (1998), technological change 

can be skill-replacing and skill-complementary. If the economy observes a rise in the supply of 

skilled graduates while the technology is constant, there will be a fall in the education premium 

and wages of those graduates. On the other hand, if the technological change is designed to 

complement those skills, the college premium and wage inequality will observe a rise. In 

addition, technological change has different proliferation rates in different sectors (Gould, 

Moav, and Weinberg 2001). Now if there is significant gender segregation by industry and 

sectors (see, for example, Coelli 2014; Coelli and Borland 2016), technological progress can 

disproportionately affect the wages of the male or the female workers, and worsen or improve 

the gender wage gap. 
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The unemployment rate is one of the key variables that have been frequently used in the 

literature to represent the period effect (e.g., Berger 1985; Dohmen et al. 2017). A higher 

unemployment rate is associated with a lower male-female employment gap since the economic 

downturn in the past has been found to influence mainly the male employment rate 

(Gharehgozli and Atal 2020). The decline of male-dominated industries or the increase of the 

supply of male labour force participation rate as a result of the worsening of the economic and 

household financial situation also affects the relative demand of male and female labour (Şahin, 

Song, and Hobijn 2010; Gharehgozli and Atal 2020). The unemployment rate can also act as a 

substitute for overall economic conditions (Dohmen et al. 2017).  

The period effect also represents the legislative and attitudinal improvements that reduce gender 

and other forms of discrimination (Goldin and Mitchell 2017). For example, when minimum 

wage rates are increased, workers at the bottom of the wage distribution start to receive 

comparatively higher wages. Since it is women who generally work at the bottom, minimum 

wage laws are more likely to benefit them disproportionately, and thus could diminish the 

overall gender wage gap (Hallward‐Driemeier, Rijkers, and Waxman 2017). Gender 

discrimination and equal pay laws may also improve the gender wage gap, although at the cost 

of a lower employment rate (Neumark and Stock 2006). However, it is possible for some anti-

discrimination laws to produce the opposite result sometimes as they may actually improve the 

employment status of men more than that of women, the age discrimination laws of the United 

States being one such example (McLaughlin 2020). 

2.4 Cohort Effects 

Cohort effects are usually observed in the labour market when the large size of some birth 

cohort later leads to greater labour supply from the cohort, and therefore, suppresses the wage 

rates for those born in that particular cohort (Topel 1997). In the case of the gender wage gap, 

the impact of cohort size can be observed if cohort size affects the proportion of women entering 

the labour market and if male and female labour are imperfect substitutes. Several empirical 
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studies have already established that the size of one’s birth cohort is inversely related to his or 

her wage rates (e.g., Welch 1979; Berger 1985; Macunovich 1999). The effect of cohort size 

on male-female wage differential, however, has been scarcely documented. Katz and Murphy 

(1992) is one exception who considered the possibility of changes in the relative supply of 

female workers affecting the male-female wage gap in the United States but found not much 

evidence. 

An educational boom within a cohort can also lead to cohort effects. Since education can be 

considered to be essentially fixed when a cohort enters the job market, the cohort that has a 

comparatively fewer number of educated workers will experience a relatively different 

composition of returns than that that is observed for the average cohort (Card and DiNardo 

2002). In general, the wage gap will observe a fall because of the improvement in the 

educational status of women compared to men if the labour market is gender-segregated and 

both genders are imperfect substitutes. For example, Card and Lemieux (2001) have 

demonstrated that the rise in the college-high school wage differential in the United States, the 

United Kingdom and Canada in the past can partly be attributed to the lower supply of the 

college-educated labour force. Previously, Katz and Murphy (1992) have also shown that the 

changes in the relative supply of college-educated students can predict the movement of the 

college-high school wage gap for the United States between 1963 and 1987. The authors, 

however, found that movement in the rate of growth of relative labour supply did not have any 

significant effects on male-female wage gap.  

Yet another source of cohort effects on the gender wage gap could be the preparedness of 

younger females for performing more challenging tasks in the labour market (Blau and Kahn 

2000). Workers in predominantly male occupations and industries receive comparatively higher 

wages than female-dominated ones (Macpherson and Hirsch 1995; Ransom and Oaxaca 2010). 

As recent cohorts of women are better prepared, they are more suited to enter the male-
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dominated industries and affect the wage premia traditionally enjoyed by men. There is already 

some evidence that sex segregation is declining in the labour market in a range of countries 

(e.g., Gallen, Lesner, and Vejlin 2019; Blau and Kahn 2017; Blau, Brummund, and Liu 2013). 

The Australian labour market, however, remains one of the most heavily gender-segregated 

along the occupational and industrial lines. For example, despite the ups and downs within 

different sub-categories of occupation, there were no significant changes in segregation levels 

over the last two decades (WGEA 2019). 

2.5 This Paper’s Age Period Cohort Effects 

The separation of age, period and cohort effects thus can exclusively portray a parsimonious 

picture of the influence of a complex set of socio-economic, historical and environmental 

factors (Yang and Land 2013). The power of such an approach, however, has remained largely 

ignored in the economic literature, especially in labour market research. First, the previous work 

has mainly focused on the determination of either age effects (e.g., Tyrowicz, Velde, and 

Staveren 2018; Erosa, Fuster, and Restuccia 2016; Wu 2007) or cohort effects (e.g., Card and 

Lemieux 2001; Beaudry and Green 2000; Fortin 2019; Macunovich 1999), while period effects 

have remained virtually unexplored. Second, some of the previous research has completely 

ignored the identification problem by disregarding one of the effects altogether (e.g., Erosa, 

Fuster, and Restuccia 2016; Wu 2007; Macunovich 1999). Furthermore, many previous works 

have grouped successive cohorts or ages into one broad category to estimate of age or cohort 

effects (e.g., Card and Lemieux 2001; Fortin 2019; Juhn and McCue 2017). Such grouping is 

also an imperfect method of estimating the true effects as the estimates may change depending 

on how many cohorts or ages are included in one category. Even when some researchers 

explicitly mentioned the identification issue, either they did not attempt to address the problem 

or the approach they adopted still did not solve it (e.g., Tyrowicz, Velde, and Staveren 2018; 

Beaudry and Green 2000; Chatterjee, Singh, and Stone 2016). 
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The above trend is also true for Australian labour market research, including the literature which 

is dealing with the male-female wage differential. Apart from neglecting the APC issue, 

previous works on the gender wage gap in Australia have also been limited in scope as they 

dealt with only full-time workers (e.g., Daly et al. 2006; Chzhen, Mumford, and Nicodemo 

2013; Johnston and Lee 2012), full-time managerial workers (Watson 2010), private sector 

employees (e.g., Chzhen, Mumford, and Nicodemo 2013; Meng 2004; Meng and Meurs 2004), 

married couples (e.g., Flinn, Todd, and Zhang 2018),  limited time span (e.g., Miller 2005; Kee 

2006; Risse, Farrell, and Fry 2018; Daly et al. 2006; Chzhen, Mumford, and Nicodemo 2013; 

Eastough and Miller 2004; Meng 2004; Meng and Meurs 2004; Flinn, Todd, and Zhang 2018), 

or an older time period (e.g., Coelli 2014; Cobb-Clark and Tan 2011; Johnston and Lee 2012; 

Daly et al. 2006; Barón and Cobb-Clark 2010; Chzhen, Mumford, and Nicodemo 2013; 

Eastough and Miller 2004; Watson 2010; Meng 2004; Meng and Meurs 2004). Since the 

number of workers involved in part-time and full-time employment varies between men and 

women, excluding part-time workers from the sample has the possibility of distorting both the 

true size and composition of the male and female workforce (Risse, Farrell, and Fry 2018). 

Similarly, the coverage of only old- or limited-time span fails to take account of the recent 

trends, while attention to specific groups only provides a partial picture.  

3 Empirical Approach 

3.1 Econometric Model Specification 

We begin the empirical analysis by extending a Mincer-type earnings function with the age, 

period and cohort variables resulting in the following wage function: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜷𝜷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝜷𝜷𝑃𝑃𝑃𝑃𝑖𝑖 + 𝜷𝜷𝐶𝐶𝐶𝐶𝑖𝑖 + 𝜷𝜷𝐹𝐹𝐹𝐹𝑖𝑖 + 𝜷𝜷𝐴𝐴𝐹𝐹𝐴𝐴𝑖𝑖𝑖𝑖𝐹𝐹𝑖𝑖 + 𝜷𝜷𝑃𝑃𝐹𝐹𝑃𝑃𝑖𝑖𝐹𝐹𝑖𝑖 + 𝜷𝜷𝐶𝐶𝐹𝐹𝐶𝐶𝑖𝑖𝐹𝐹𝑖𝑖 + 

                         𝐙𝐙𝑖𝑖𝜸𝜸 + 𝐗𝐗it𝜷𝜷 + 𝑾𝑾𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                                                                                (1) 

where 𝑦𝑦𝑖𝑖𝑖𝑖 is the log of the hourly real wage for individual 𝑖𝑖 in year 𝑡𝑡. 𝐴𝐴𝑖𝑖𝑖𝑖, 𝑃𝑃𝑖𝑖, 𝐶𝐶𝑖𝑖, and 𝐹𝐹𝑖𝑖 are the 

dummy variables representing age, period, cohort, and female, respectively. The vector of all 

time-varying regressors other than age is denoted by 𝐗𝐗𝑖𝑖𝑖𝑖. On the other hand, 𝐙𝐙𝑖𝑖 is the set of 
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time-constant observed variables excluding cohort and gender and 𝐖𝐖𝑖𝑖 contains the unobserved 

heterogeneity or individual effect and a constant term. In equation (1), age, period and cohort 

effects for men are represented by 𝜷𝜷𝐴𝐴, 𝜷𝜷𝑃𝑃 and 𝜷𝜷𝐶𝐶 , respectively. In contrast, the differential 

impact of the same effects on women are respectively represented by 𝜷𝜷𝐴𝐴𝐹𝐹, 𝜷𝜷𝑃𝑃𝐹𝐹 and 𝜷𝜷𝐶𝐶𝐹𝐹. While 

the age effect is expected to worsen the gender wage gap, the cohort effect is supposed to be 

positive for smaller and recent cohorts. The period effect can run in both directions, depending 

on the influence of the forces working behind it. 

3.2 APC identification Strategy 

Popular methods to resolve the APC identification issue can be grouped into two categories, 

both of which have major weaknesses. One of the first proposed solutions is to assume that only 

two from age, period and cohort are relevant for a particular problem. However, this is a rather 

strong theoretical assumption to make, which does not hold in many situations including the 

present one (Winship and Harding 2008). Another widely used approach is to make one or more 

identifying constraints on the regression parameters, such as the one that the coefficients of the 

first two cohorts are equal (Yang and Land 2013). Such constraints can sometimes be implicit, 

which is observed for the more recent intrinsic estimator (IE) method (Luo 2013b). A major 

problem with this second approach is that it depends on the number of age, period, and cohort 

categories that are considered in the study or produces significantly different results based on 

the choice of constraints (Jürges 2003; Luo 2013a).1 

In this study, we therefore apply the proxy variable method to replace at least one of the age, 

period, or cohort effects and thus solve the identification problem. The reasons are the following. 

First, as pointed out by Glenn (1976), the solutions to the APC problem can never be found in 

statistical manoeuvring alone, and therefore, they should come from theories. the proxies can 

 
1 See Dohmen et al. (2017) and Luo et al. (2016) for empirical evidence of some of the most 
serious limitations of these approaches. 
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be selected on theoretical grounds. In our case, we have discussed how past economic literature 

relates different variables to the age, period and cohorts effects in wages in the second section 

(e.g., Card and Lemieux 2001; Berger 1985). Our proxies are chosen based on these discussions. 

Second, since age, period, and cohort effects act as a summary measure of the influences of 

different factors on a variable of interest (Hobcraft, Menken, and Preston 1985), the use of those 

factors directly as proxy variables not only solves the identification problem, but also provides 

valuable information about the underlying forces at work. The knowledge that the 

unemployment rate is negatively related to the gender wage gap is certainly more useful to 

policymakers than knowing that there is evidence of period effects. Additionally, our use of 

proxy variable is also different from previous similar works in that we utilize multiple proxies 

to represent a single effect and thus attempt to fully measure the APC effects it is proxying, 

rather than employing a single proxy variable per each effect (e.g., Dohmen et al. 2017; Euwals, 

Knoef, and Vuuren 2011). 

A range of proxy variables are used in this paper to replace the period (𝑃𝑃𝑖𝑖) or the cohort (𝐶𝐶𝑖𝑖) 

dummies at one time.2 Since a good proxy has to be context-specific, and hence labour market 

related for this study, changes in the economic conditions are proxied by the unemployment 

rate in case of period effects (see Nientker and Alessie 2019; Kapteyn, Alessie, and Lusardi 

2005 for further discussion). Technological progress is measured by the ratio of information 

technology net capital stock to the net capital stock, as was one in Kelly (2007). Finally, since 

two significant federal level anti-discriminatory legislation were passed between 2001 and 2018 

(i.e., Age Discrimination Act 2004 and Fair Work Act 2009), two dummy variables are used to 

reflect such changes in the legal environment. The proxy variables for cohort effects, on the 

other hand, include the size of a person’s birth cohort and the educational level of that particular 

 
2 Since the age effect is associated with psychological variables like maturity, it is extremely 
difficult to find or develop appropriate proxy variables for it (Heckman and Robb 1985; Black, 
Tseng, and Wilkins 2010). 
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birth cohort, i.e., the ratio of workers with post-senior secondary education to the total number 

of workers in each year. 

3.3 Estimation Strategy 

The study uses the correlated random effects (CRE) model to estimate Equation (1). The pooled 

ordinary least squares (OLS) method is not suitable for the present study as it neglects the panel 

nature of the data. The fixed effects (FE) method, on the other hand, cannot estimate the 

coefficients of time-constant variables. The random effects (RE) procedure instead relies on the 

assumption that the unobserved time-constant variables are not correlated with the explanatory 

variables, which is too restrictive in many applications. For example, in the present case, ability 

and motivation are two such unobserved individual characteristics that influence an individual’s 

education level and work experience (Breunig, Hasan, and Salehin 2013). 

The CRE model overcomes all the above issues, and therefore is applied as the estimator of 

choice in this study. The CRE approach assumes that 𝑾𝑾𝑖𝑖 in equation (1) is correlated with the 

time-varying regressors in the following manner: 

𝑾𝑾𝑖𝑖 = 𝑹𝑹�𝑖𝑖𝜹𝜹 + 𝑢𝑢𝑖𝑖                                                               (2) 

where 𝐑𝐑𝑖𝑖 is the set of all time-varying characteristics and is assumed to be uncorrelated with 

𝑢𝑢𝑖𝑖.3 Substituting equation (2) into (1) gives 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜷𝜷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝜷𝜷𝑃𝑃𝑃𝑃𝑖𝑖 + 𝜷𝜷𝐶𝐶𝐶𝐶𝑖𝑖 + 𝜷𝜷𝐹𝐹𝐹𝐹𝑖𝑖 + 𝜷𝜷𝐴𝐴𝐹𝐹𝐴𝐴𝑖𝑖𝑖𝑖𝐹𝐹𝑖𝑖 + 𝜷𝜷𝑃𝑃𝐹𝐹𝑃𝑃𝑖𝑖𝐹𝐹𝑖𝑖 + 𝜷𝜷𝐶𝐶𝐹𝐹𝐶𝐶𝑖𝑖𝐹𝐹𝑖𝑖 +

                         𝐙𝐙𝑖𝑖𝜸𝜸 + 𝐗𝐗it𝜷𝜷 + 𝑹𝑹�𝑖𝑖𝜹𝜹 + 𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                                                                                     (3) 

where (𝑢𝑢𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖) is the composite error term. By including the means of the time-varying 

variables (e.g., occupational tenure and age), the CRE approach can estimate the coefficients 

 
3 More specifically, 𝐑𝐑�𝑖𝑖  contains 𝐗𝐗�𝑖𝑖 , the mean value of individual age and the interaction of 
mean individual age and the female dummy. 
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of time-constant covariates while allowing for arbitrary correlation between unmeasured 

heterogeneity and the observed explanatory variables (Joshi and Wooldridge 2019). 

3.4 Employment Selection and weights 

To addresses the possibility of the presence of selection bias in panel data, we employ the 

parametric correction procedure proposed by Wooldridge (1995) and Semykina and 

Wooldridge (2010). The method is similar to Heckman’s two-step estimation but involves the 

estimation of a probit selection equation for each survey year. The estimated selection 

component, i.e., the Inverse Mills Ratio (IMR), is then added to the estimating wage model to 

solve the self-selection problem. 

Following Mulligan and Rubinstein (2008), we employ the interaction between the number of 

children aged 0–4 years and marital status of the respondent as an additional variable in the 

employment selection equation. We also use the presence of children between 5 and 9 years of 

age for the same purpose. These are the variables that are assumed to affect the employment 

status but not the wage rate. Additionally, the employment equation also includes marital status, 

age, educational status, health status, place of birth and geographic remoteness. All estimation 

is conducted without sampling weights, using cluster robust standard errors at the individual 

level.4 

4 Data and Descriptive Statistics 

This study uses data from the Household, Income and Labour Dynamics in Australia (HILDA) 

Survey funded by the Department of Social Services and Melbourne Institute of Applied 

Economic and Social Research (2020). It is a nationally representative panel study of Australian 

households. The present study incorporates employs the first 18 waves of the survey, which 

was conducted between 2001 and 2018. In addition, data on net capital stock, information 

 
4  See Appendix B for explanation. 
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technology net capital stock and consumer price index are sourced from the Australian Bureau 

of Statistics (ABS 2018a, 2019). 

For this study, our sample consists of all the respondents aged between 25 and 54, inclusive. 

The labour force participation rate is higher among the 25-54 age bracket (RBA 2018). The 

decision to study this age group helps to concentrate on individuals who have the highest levels 

of attachment to the labour market (Bourguignon, Ferreira, and Menéndez 2007). Since part-

time work is more prevalent among female workers at 16.2 percent compared to male workers 

at 5.4 percent (WGEA 2018), both full-time and part-time employees are included in the sample. 

The sample, however, excludes employers, employees of their own businesses, the self-

employed, family workers and students. These restrictions largely overcome the complications 

arising from the continuity of education, arrangements made for future retirement, and 

dishonest reporting of earnings, thus producing a relatively homogeneous sample (Christofides, 

Polycarpou, and Vrachimis 2013). It also excludes observations for which data was refused, 

unknown or not provided on employment status and working hours. The resulting estimation 

sample consists of 58,839 men and 67,594 women, with a total of 126,433 observations from 

47 birth cohorts (born from 1947 to 1993). 

Table 1 reports the summary statistics of the variables used in this study. The definitions of the 

variables are provided in Appendix Table A1. As can be seen from Table 1, women perform 

significantly worse than men in terms of a range of employment-related outcomes. For example, 

women on average receive lower wages than men and have shorter tenure both in terms of 

involvement in current occupation and with current employer. Women also fall behind men 

when it comes to employment rates and full-time employment. As expected, the occupational 

and industry proliferation of men and women significantly varies from each other as certain 

jobs and sectors are traditionally male-dominated (e.g., machinery operator and driver and 

mining). In the sample, women are less likely to pursue a certificate course. On the other hand,  
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Table 1 Summary Statistics 

Variables 
Men Women Men-women 

mean 
difference 

Mean Std. dev. Mean Std. dev. 

Real hourly wage (log) 3.39 0.47 3.26 0.43    0.130*** 
Real hourly wage (raw) 33.22 17.90 28.83 17.91    4.387*** 
Age 39.07 8.66 39.43 8.64   -0.367*** 
Number of children 0–4 years 0.29 0.60 0.30 0.61   -0.011*** 
Tenure: occupation 9.25 8.59 8.29 8.15    0.961*** 
Tenure: employer 6.85 7.41 6.13 6.57    0.718*** 
Birth: Australia 0.79 0.41 0.79 0.41    0.007*** 
Married 0.73 0.45 0.73 0.44   -0.004 
Children 0–4 years 0.22 0.41 0.23 0.42   -0.011*** 
Children 5–9 years 0.20 0.40 0.23 0.42   -0.035*** 
Geographic remoteness 0.12 0.33 0.12 0.33    0.002 
University  0.27 0.45 0.33 0.47   -0.056*** 
Advanced diploma and diploma  0.09 0.29 0.11 0.31   -0.015*** 
Certificate III and IV 0.30 0.46 0.17 0.38    0.131*** 
Year 12  0.13 0.33 0.14 0.35   -0.017*** 
Year 11 or below 0.20 0.40 0.25 0.43   -0.043*** 
Health condition 0.21 0.40 0.21 0.41   -0.003 
Employed 0.87 0.34 0.72 0.45    0.148*** 
Full-time employment 0.81 0.40 0.41 0.49    0.392*** 
Casual employment 0.13 0.34 0.21 0.41   -0.074*** 
Union member 0.28 0.45 0.29 0.45   -0.011*** 
Private sector 0.73 0.44 0.54 0.50    0.192*** 
Firm size less than 5 0.08 0.28 0.08 0.28    0.000 
Firm size 5-19 0.25 0.43 0.24 0.43    0.001 
Firm size 20-99 0.30 0.46 0.31 0.46   -0.014*** 

Firm size 100 or more 0.37 0.48 0.36 0.48    0.013*** 
Manager 0.16 0.37 0.10 0.29    0.067*** 
Professional 0.23 0.42 0.33 0.47   -0.098*** 
Technician/trades 0.20 0.40 0.04 0.19    0.165*** 
Community/personal 0.06 0.24 0.14 0.35   -0.080*** 
Clerical/administrative 0.08 0.28 0.24 0.43   -0.155*** 
Sales 0.04 0.20 0.08 0.27   -0.036*** 
Machinery/driver 0.12 0.33 0.01 0.11    0.110*** 
Labourer 0.09 0.29 0.06 0.25    0.028*** 
Agriculture/forestry 0.02 0.15 0.01 0.09    0.016*** 
Mining 0.04 0.19 0.01 0.08    0.032*** 
Manufacturing 0.15 0.36 0.05 0.21    0.101*** 
Electricity/gas 0.02 0.14 0.01 0.07    0.014*** 
Construction 0.10 0.30 0.01 0.12    0.088*** 
Wholesale trade 0.05 0.22 0.02 0.15    0.025*** 
Retail trade 0.06 0.24 0.09 0.29   -0.030*** 
Accommodation/food 0.03 0.17 0.05 0.21   -0.018*** 
Transport/postal 0.07 0.26 0.02 0.15    0.051*** 
Information media 0.03 0.16 0.02 0.15    0.004*** 
Financial/insurance 0.04 0.20 0.05 0.22   -0.010*** 
Rental/hiring 0.01 0.11 0.02 0.12   -0.004*** 
Professional/scientific 0.08 0.27 0.07 0.26    0.008*** 
Administrative/support 0.02 0.14 0.03 0.17   -0.010*** 
Public administration 0.10 0.30 0.08 0.26    0.027*** 
Education/training 0.06 0.24 0.18 0.38   -0.117*** 
Health care 0.07 0.26 0.26 0.44   -0.193*** 

Notes:  *** and ** denote significance at the 1% and 5% level, respectively. 
Source: Authors’ calculation based on HILDA Survey data. 



17 

union membership and casual work are more prevalent among them. They are on average older 

and are more likely to have children. In terms of marital status, health condition and geographic 

remoteness, however, there is no significant difference between the two groups. 

Figure 1 shows the average male and female hourly wage rate for each age, period and cohort 

for our sample. The three charts in Figure 1 show three different trends when it comes to the 

movement of the gender wage gap. The hourly gender wage gap increased with age, 

decreased by cohort but remained constant from 2001 to 2018. 

Figure 1. Male-Female Wage Rate by Age, Period and Cohort 
Age Effects 

 

Period Effects 

 

Cohort Effects 
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5 Results 

We consider six different specifications of equation (3) in our analysis. Models 1 and 2 are 

our main models. In Model 1, we replace period dummies with our year proxy variables to 

solve the linearity problem. In Model 2, we employ cohort proxies instead of cohort dummies 

for the same purpose.5 This alternate use of period and cohort proxies enables us to gain a 

better empirical perspective about our estimates and the adequacy of the proxy variables. The 

estimated coefficients of the age, period and cohort dummies from models 1 and 2 for every 

year are presented in Figure 2.6 As the figure shows, the interaction dummies between women 

workers and different ages are mostly significant in both the models. On the other hand, 

despite the presence of positive period effects overall, 3 out of 17 interaction dummies 

between female workers and period dummies are significant at the 5 percent level in Model 2. 

Finally, for cohort effects, none of the dummy variables are found to be statistically 

significant at the 5 percent level of significance in model 1. 

The results from our main models suggest that the age effect is a significant predictor of the 

male-female wage gap in Australia, even after controlling for period effects and labour market 

experience, education, health, and cohort status of the respondents. It is also reasonable to say 

that period effects also play some meaningful role in the determination of the gender wage gap 

by relatively suppressing the female wage rate compared to the male rate. However, in contrast 

to the age and period effects, the impact of cohort effects on wages is found to be 

inconsequential in Australia, both for the overall wages as well as for the gender difference in 

wage rates. 

 
5 That is, in equation (3), 𝑃𝑃𝑖𝑖  = period proxies and 𝐶𝐶𝑖𝑖  = cohort proxies for Models 1 and 2, 
respectively. Other variables remain the same. 
6 Note that we get age, period, and cohort effects for every year when we use the dummy 
variables to represent them. When we use the proxy variables to replace them, we get the 
average estimates of these effects, which is provided in Table 2. 
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Figure 3 Age, Period and Cohort Effects: Results from Models 1 and 2 

Model 1 Age Effects Model 2 Age Effects 

  

Model 1 Cohort Effects Model 2 Period Effects 

  

In the next two specifications, we exclude year and cohort variables, respectively, from equation 

(3). Therefore, Model 3 considers the impact of only age and birth cohort on the gender wage 

gap as it keeps the period effect out of the analysis. In contrast, Model 4 includes age and period 

effects, but disregards the cohort effect. These two specifications allow us to understand the 

consequences of not controlling for all three of age, period and cohort effects in such an 

analysis.7 Figure 3 presents the estimated impact of the age, period and cohort dummies. The 

results show that there are significant cohort effects on wages when year effects are dropped 

out entirely. Furthermore, average age and cohort effects are now overestimated by about 7.77 

 
7 That is, for Models 4 and 5, we drop 𝑃𝑃𝑖𝑖 and 𝐶𝐶𝑖𝑖, respectively from equation (3). Other variables 
remain the same. 
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and 15.34 percentage points, respectively for the male employees. A greater number of dummy 

variables representing the interaction between women and age are now also statistically 

significant. On the other hand, we see no major impact of the absence of the cohort variables 

on our estimates. 

Figure 4 Age, Period and Cohort Effects: Results from Models 3 and 4 

Model 3 Age Effects Model 3 Cohort Effects 

  

Model 4 Age Effects Model 4 Period Effects 

  

Our final two models estimate equation (3) without the job-related control variables. Model 5, 

therefore, contains age and cohort dummies with period proxy variables, but no job 

characteristics of the respondents. Similarly, Model 6 excludes the job-related variables, but 
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this time represents the APC variables by age and period dummies and cohort proxies.8 Models 

5 and 6 thus take into consideration the possibility that the correlation between the cohort effect 

and the job-related control variables might be the reason for its being absence effects in our 

previous models. The resulting estimates of the age, period and cohort dummy variables are 

displayed in Figure 4. As the figure shows, the cohort effect still remains insignificant even 

without the job-related control variables. Therefore, it appears that the job-related 

characteristics are not responsible for the lack of cohort effects in Models 1 to 4. 

Figure 5 Age, Period and Cohort Effects: Results from Models 5 and 6 

Model 5 Age Effects Model 6 Age Effects 

  

Model 5 Cohort Effects Model 6 Period Effects 

  

 
8 In Models 5 and 6, 𝑃𝑃𝑖𝑖 = period proxies and 𝐶𝐶𝑖𝑖 = cohort proxies, respectively. Furthermore, 
both these models exclude job related control variables from 𝐗𝐗𝑖𝑖𝑖𝑖  of equation (3). Other 
variables remain the same. 
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The regression coefficients of the proxy and the control variables from all six specifications and 

the model fit statistics are reported in Table 2. It is noticeable that cohort size, cohort 

educational level and their interaction with female dummy have failed to achieve statistical 

significance in all the models while several period proxies are significant in Models 2 and 6. 

On the other hand, Age Discrimination Act and Fair Work Act dummy variables show a 

significant positive relationship with wage rates in Model (1) and (5). The unemployment rate 

and the interaction of women and the Fair Work Act dummy, on the other hand, are negatively 

related to wage rates in both models. Since the net of the anti-discrimination laws, in general, 

have been positive, it can be said that they have been successful in improving the wage rates of 

Australian workers. However, the same cannot be said for their effect on the Australian gender 

wage gap. Finally, the coefficients of the inverse mills ratio (IMR) are negative and significant 

in all the models, implying that unobservable factors that increase the probability of working 

reduce the wage rate. 

Table 2 Regression coefficients of the period and cohort proxies and the control variables  

Variables (1) 
Model 1 

(2) 
Model 2 

(3) 
Model 3 

(4) 
Model 4 

(5) 
Model 5 

(6) 
Model 6 

Constant  2.7248***  2.7202***  2.4737***  2.7157*** 3.0643*** 3.0091*** 
Married  0.0133**  0.0136**  0.0124**  0.0133** 0.0118** 0.0118** 
Children 0–4 years  0.0211***  0.0201***  0.0244***  0.0204*** 0.0372*** 0.0370*** 
Birth: Australia  0.0146**  0.0128**  0.0119*  0.0127** 0.0522*** 0.0501*** 
Geographic remoteness  0.0072  0.0076  0.0090  0.0077 0.0039 0.0046 
University  0.0963***  0.0975***  0.0944***  0.0970*** 0.0993*** 0.0996*** 
Advanced diploma and 
diploma 

 0.0363*  0.0374*  0.0351*  0.0371* 0.0296 0.0299 

Certificate III and IV  0.0092  0.0099  0.0086  0.0096 0.0023 0.0023 
Year 12  0.0254  0.0252  0.0269  0.0253 0.0232 0.0224 
Health condition  0.0100  0.0089  0.0158*  0.0095 0.0134 0.0133 
Tenure: occupation  0.0046***  0.0046***  0.0046***  0.0046***   
Tenure squared: 
occupation 

-0.0001*** -0.0001*** -0.0001*** -0.0001***   

Tenure: employer  0.0023***  0.0023***  0.0022***  0.0023***   
Tenure squared: 
employer 

-0.0001* -0.0001* -0.0000* -0.0000*   

Full-time employment -0.1027*** -0.1026*** -0.1024*** -0.1024***   
Casual employment  0.0459***  0.0457***  0.0453***  0.0457***   
Union member  0.0280***  0.0282***  0.0283***  0.0282***   
Private sector -0.0164*** -0.0166*** -0.0166*** -0.0166***   
Firm size 5-19  0.0272***  0.0272***  0.0277***  0.0272***   



23 

Firm size 20-49  0.0467***  0.0469***  0.0474***  0.0468***   
Firm size 100 or more  0.0815***  0.0816***  0.0827***  0.0816***   
Manager  0.0733***  0.0737***  0.0738***  0.0737***   
Professional  0.0626***  0.0623***  0.0631***  0.0623***   
Technician/trades  0.0371***  0.0378***  0.0372***  0.0377***   
Community/personal  -0.0057 -0.0054 -0.0060 -0.0054   
Clerical/administrative  0.0403***  0.0402***  0.0411***  0.0401***   
Sales -0.0005 -0.0002  0.0003 -0.0002   
Machinery/driver  0.0205**  0.0208**  0.0204**  0.0208**   
Agriculture/forestry -0.0133 -0.0133 -0.0167 -0.0132   
Mining  0.1738***  0.1718***  0.1749***  0.1719***   
Manufacturing  0.0487***  0.0479***  0.0481***  0.0480***   
Electricity/gas  0.0914***  0.0897***  0.0923***  0.0897***   
Construction  0.0829***  0.0817***  0.0845***  0.0818***   
Wholesale trade  0.0234*  0.0224*  0.0234*  0.0225*   
Retail trade -0.0222* -0.0231* -0.0214* -0.0230*   
Accommodation/food -0.0330** -0.0341** -0.0325** -0.0339**   
Transport/postal  0.0434***  0.0423***  0.0431***  0.0424***   
Information media  0.0545***  0.0536***  0.0551***  0.0538***   
Financial/insurance  0.0717***  0.0695***  0.0728***  0.0696***   
Rental/hiring -0.0169 -0.0179 -0.0164 -0.0178   
Professional/scientific  0.0425***  0.0408***  0.0433***  0.0409***   
Administrative/support  0.0177  0.0161  0.0188  0.0162   
Public administration  0.0773***  0.0761***  0.0777***  0.0761***   
Education/training  0.0368**  0.0359**  0.0368**  0.0359**   
Health care  0.0259**  0.0248**  0.0252**  0.0248**   
IMR -0.0442** -0.0406* -0.0588*** -0.0420** -0.0504** -0.0494** 
Female -0.1901 -0.1553** -0.0877 -0.1012* -0.0549 -0.0258 
Age discrimination Act  0.0188***     0.0156**  
Female*Age 
Discrimination Act 

-0.0150    -0.0131  

Fair work Act  0.0579***     0.0639***  
Female*Fair Work Act -0.0244***    -0.0262***  
Technological 
developments 

 0.0002     0.0001  

Female*Technological  
developments 

-0.0005    -0.0004  

Unemployment rate -0.0108***    -0.0123***  
Female*Unemployment 
rate 

 0.0019     0.0040  

Cohort size   0.0350     0.0120 
Female*Cohort size   0.0165     0.0052 
Cohort educational level  -0.0538    -0.0128 
Female*Cohort 
educational level 

  0.0156     0.0001 

Age (m) -0.0102*** -0.0101*** -0.0096*** -0.0100*** -0.0078*** -0.0076*** 
Female*Age (m)  0.0026  0.0025  0.0023  0.0026 -0.0018 -0.0018 
Married (m)  0.0419***  0.0421***  0.0408***  0.0424***  0.0741***  0.0738*** 
Children 0–4 years (m)  0.0538***  0.0542***  0.0545***  0.0539***  0.0524***  0.0518*** 
Geographic remoteness 
(m) 

-0.0038 -0.0056 -0.0064 -0.0058 -0.0568*** -0.0596*** 

University (m)  0.0516**  0.0522**  0.0491*  0.0519**  0.2883***  0.2893*** 
Advanced diploma and 
diploma (m) 

 0.0347  0.0348  0.0321  0.0349  0.1713***  0.1711*** 

Certificate III and IV (m)  0.0247  0.0243  0.0215  0.0239  0.1012***  0.1006*** 
Year 12 (m)  0.0227  0.0239  0.0192  0.0237  0.1071***  0.1082*** 
Health condition (m) -0.0736*** -0.0735*** -0.0741*** -0.0737*** -0.1296*** -0.1298*** 



24 

Tenure: occupation (m)  0.0107***  0.0107***  0.0107***  0.0109***   
Tenure squared: 
occupation (m) 

-0.0002*** -0.0002*** -0.0002*** -0.0002***   

Tenure: employer (m) -0.0018 -0.0021 -0.0017 -0.0023   
Tenure squared: 
employer (m) 

 0.0000  0.0001  0.0000  0.0001   

Full-time employment 
(m) 

 0.0829***  0.0813***  0.0829***  0.0797***   

Casual employment (m) -0.0112 -0.0129 -0.0113 -0.0130   
Union member (m)  0.0439***  0.0431***  0.0427***  0.0434***   
Private sector (m)  0.0457***  0.0469***  0.0461***  0.0463***   
Firm size 5-19 (m)  0.0354**  0.0352**  0.0357**  0.0350**   
Firm size 20-99 (m)  0.0701***  0.0712***  0.0705***  0.0709***   
Firm size 100 or more 
(m) 

 0.1439***  0.1456***  0.1445***  0.1452***   

Manager (m)  0.3593***  0.3601***  0.3604***  0.3604***   
Professional (m)  0.2771***  0.2787***  0.2782***  0.2784***   
Technician/trades (m)  0.1255***  0.1258***  0.1269***  0.1259***   
Community/personal (m)  0.1149***  0.1152***  0.1158***  0.1153***   
Clerical/administrative 
(m) 

 0.0983***  0.0987***  0.0984***  0.0986***   

Sales (m)  0.1553***  0.1563***  0.1553***  0.1561***   
Machinery/driver (m)  0.0015  0.0010  0.0018  0.0012   
Agriculture/forestry (m) -0.1503*** -0.1559*** -0.1504*** -0.1542***   
Mining (m)  0.3536***  0.3544***  0.3524***  0.3553***   
Manufacturing (m)  0.0428*  0.0425*  0.0421*  0.0437*   
Electricity/gas (m)  0.2146***  0.2137***  0.2117***  0.2134***   
Construction (m)  0.1840***  0.1866***  0.1832***  0.1874***   
Wholesale trade (m)  0.0921***  0.0927***  0.0922***  0.0938***   
Retail trade (m) -0.0604** -0.0602** -0.0615** -0.0594**   
Accommodation/food 
(m) 

-0.0534* -0.0510* -0.0544* -0.0510*   

Transport/postal (m)  0.1096***  0.1116***  0.1103***  0.1127***   
Information media (m)  0.0966***  0.0988***  0.0967***  0.0998***   
Financial/insurance (m)  0.1629***  0.1667***  0.1624***  0.1681***   
Rental/hiring (m)  0.1375***  0.1377***  0.1363***  0.1388***   
Professional/scientific 
(m) 

 0.1241***  0.1270***  0.1234***  0.1274***   

Administrative/support 
(m) 

 0.0414  0.0405  0.0401  0.0418   

Public administration 
(m) 

 0.1396***  0.1432***  0.1414***  0.1438***   

Education/training (m) -0.0278 -0.0273 -0.0280 -0.0270   
Health care (m)  0.0427*  0.0437*  0.0427*  0.0442*   
R-squared  0.3929  0.3906  0.3911  0.3905  0.2287  0.2245 
Wald 𝜒𝜒2   16395***   16013***   16230***   15984***     7146***     6981*** 
𝜌𝜌 0.5236  0.5255  0.5246  0.5257  0.5258  0.5990 
𝑁𝑁   90212   90212   90212   90212   90212   90212 

Notes:  ***, ** and * denote significance at the 1%, 5% and 10% level, respectively. Time-averaged means are 
indicated by (m). Cluster robust standard errors are used in the analysis. 
Source: Authors’ calculation based on HILDA Survey data. 

In our main models, the coefficients of education and industry variables have reasonable signs. 

Individuals who are better educated, who work in larger firms or certain occupations (e.g., 

managerial and professional positions) are expected to receive significantly higher wages. 
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Similarly, union membership and longer tenure lead to better wage rates. A higher wage rate is 

also observed for married and Australian-born employees. For other variables, when the values 

are considered in combination with the coefficients of their mean values (which gives the 

difference between the estimated between- and within-cluster effects), their signs and 

significance levels are more or less in line with previous Australian research (e.g., Risse, Farrell, 

and Fry 2018; Cai and Waddoups 2011; Eastough and Miller 2004).  

Questions may arise about the suitability of our chosen proxy variables, especially of the cohort 

proxies as they are insignificant and have shown no major influence on the estimates in Model 

(4). As Models 1 and 2 are not the unrestricted versions of Models 3 and 4 and vice versa, there 

is no direct way to assess the validity of the proxies used. However, it is to be noticed here that 

model (1) has considered the effects of birth cohort by directly including cohort dummies 

instead of cohort proxy variables. Still, model (1) has found no significant cohort effects on 

wages or the wage gap. Furthermore, the significance level of the year and cohort proxies in 

Table 2 also supports the same conclusion. Therefore, the absence of the cohort effect in the 

present case can be considered to be suggestive of its true significance, rather than the outcome 

of poor proxy variable selection. 

In the end, it, therefore, can be said that the gender wage gap between male and female workers 

has been widening with age in Australia. Similarly, there is some evidence of the impact of 

period effects on the gender pay gap. Cohort effects, however, have no effect on the 

determination of the gender wage gap in the country. This finding regarding age effects 

corroborates similar studies performed in Australia and other countries (e.g., Tyrowicz, Velde, 

and Staveren 2018; Erosa, Fuster, and Restuccia 2016; Wu 2007; Chatterjee, Singh, and Stone 

2016). It comes in face of the possibility that age effects may turn out to be lacking in the 

analysis when the experience variable (in this case, tenure) is also included because of the 

presence of a high correlation between the two (Adamchik and Bedi 2000). On the other hand, 



26 

the finding that no cohort effects exist on the Australian gender wage gap contradicts its 

significant role (both positive and negative) in the determination of gender wage gap in previous 

such studies performed elsewhere (e.g., Abe 2010; Naur and Smith 2002; Tyrowicz, Velde, and 

Staveren 2018). A range of explanations for our age-related findings are already provided in 

Section 2. The insignificant cohort effects in our results, on the other hand, may indicate that 

cohorts are perfect substitutes for one another. This result aligns with Card and Lemieux (2001) 

who suggest the wage gap can be fully captured by age and period effects and that cohort effects 

cannot be expected to play any role. 

6 Conclusion 

This paper evaluates the impact of age, period and birth cohort on the Australian gender wage 

gap for the period 2001-2018. Despite the narrowing of the human capital gap between men 

and women and improvements in the legal framework, the gender wage gap in Australia and 

many countries has refused to follow the same trend. The age, period and birth cohort effects 

can help explain the persistence or divergence of this pay gap and provide important guidelines. 

However, separating these effects from one another is a difficult task because of the linear 

dependence that exists between the three.  

This paper addresses this identification problem by developing appropriate proxies and 

employing suitable panel data techniques. Like previous studies, this study reveals that age is a 

significant predictor of the gender wage gap in Australia. The estimated period effects also 

show a further diverging role in the male-female wage difference. However, as opposed to prior 

expectations, the paper finds no significant influence of cohort effects on wages or the wage 

gap. Differences in other standard variables (e.g., education and experience) are found to play 

their respective roles as usual. Additionally, the paper finds evidence that not-including period 

effects can result in significant cohort effects or overestimation of the age and cohort effects on 

wages. This implies that the application of Mincer type equations for certain purposes, such as 
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estimating the wage gap over the life cycle or across cohorts, can lead to over- or under-

estimation of the parameters if the APC problem is ignored. 

The findings of the paper also have some policy implications. First, if the gender wage gap 

increases with age, economic conditions would be more unfavourable for women at retirement 

age and particularly for single female households. Any successful policy of redistributing 

earnings across age groups, therefore, needs such intersectionality of age and gender into 

consideration. Second, although the legal framework is expected to be an effective way of 

reducing the gender wage gap, the negative dummies representing the interaction between the 

Fair Work Act and women show that some of these changes are actually worsening the gender 

pay gap problem in Australia. Such results establish the validity of some of the previous 

criticisms (e.g., Charlesworth and Macdonald 2015, 2014) directed towards the way policies 

and laws have been introduced and integrated to promote gender equality in the country. Third, 

policymakers need to be more attentive to the effects of yearly changes in the socio-economic 

conditions since estimated period effects show a further diverging role in the male-female wage 

gap. Finally, since eliminating the educational difference between the genders is not proving to 

be enough for ensuring wage gains for younger female cohorts compared to their male 

counterparts, policy measures need to be broadened in Australia if they are to reduce the wage 

gap for recent cohorts. For example, actions may be required to eliminate gender differences in 

occupation and industry-related special skills, access and opportunities. Furthermore, future 

research should carry out a detailed investigation into the ageing process of the genders, the 

work-related human capital acquisition of women, and the effective administration and 

enforcement of various labour laws to develop a better understanding of the relationship 

between age, period and cohort variables and the gender wage gap 

.
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Appendix A: Definition of Variables 

Table A1 Definition of Variables 

Variable Definition 

Real wage rate (a) The logarithm of the real hourly wage earned in the main job (base year 
2011-2012) 

Age Age dummies (Base = 25) 
Period Year dummies (Base = 2001) 
Cohort Cohort dummies (Base = 1947) 
Female 1 = Yes; 0 = No 
Unemployment rate The unemployment rate in the major statistical region of the person. 

Technological developments 

Change in the growth of information technology net capital stock to net 
capital stock; of information technology net capital stock includes 
computers and peripherals, electrical and electronic equipment, and 
computer software from all industries in chain volume measures 

Age Discrimination Act 1 = If Age Discrimination Act 2004 was enacted; 0 = No 
Fair work Act 1 = If Fair Work Act 2009 was enacted; 0 = No 

Cohort size Number of people in one’s birth cohort to total number of people in the 
sample, expressed as a percentage 

Cohort educational level Workers with post-senior secondary education to total workers in the 
sample expressed as a percentage (b) 

Birth: Australia 1 = Yes; 0 = No 
Female 1 = Female; 0 = Male 

Married 1 = Married or de facto; 0 = No Never married and not de facto, Separated, 
Divorced or Widowed 

Children aged 0–4 years 1 = Yes; 0 = No 
Children aged 5–9 years 1 = Yes; 0 = No 
Number of children  
aged 0–4 years 

Number of own resident children and resident step/foster/grandchildren 
without a parent in the household, aged 0-4 

Geographic Remoteness 1 = Outer regional, remote, or very remote Australia; 0 = Major city or 
inner regional Australia 

Education (c):  
University 1 = Yes; 0 = No 
Advanced diploma and diploma 1 = Yes; 0 = No 
Certificate III and IV 1 = Yes; 0 = No 
Year 12 1 = Yes; 0 = No 
Year 11 and below 1 = Yes; 0 = No 
Health condition 1 = Long term health condition; 0 = No 
Employed 1 = Yes; 0 = No  
Full-time employment  1 = Yes; 0 = No 
Casual 1 = Casual; 0 = Permanent 
Union member 1 = Yes, 0 = No 
Firm size (d):  
Firm size 5-19 1 = Yes; 0 = No  
Firm size 20-99 1 = Yes; 0 = No  
Firm size 100 or more 1 = Yes; 0 = No  
Tenure: occupation Tenure in current occupation in years 
Tenure squared: occupation Tenure in current occupation in years squared/100 
Tenure: employer Tenure with the current employer in years 
Tenure squared: employer Tenure with the current employer in years squared/100 
Occupation (e):  
Manager 1 = Manager, 0 = No 
Professional 1 = Professional, 0 = No 
Technician/trades 1 = Technician and trades worker, 0 = No 
Community/personal 1 = Community and personal service worker, 0 = No 
Clerical/administrative 1 = Clerical and administrative worker, 0 = No 
Sales 1 = Sales worker, 0 = No 
Machinery/driver 1 = Machinery operators and drivers, 0 = No 
Industry (f):  
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Agriculture/forestry 1 = Agriculture, forestry and fishing, 0 = No 
Mining 1 = Mining, 0 = No 
Manufacturing 1 = Manufacturing, 0 = No 
Electricity/gas 1 = Electricity, gas, water and waste services, 0 = No 
Construction 1 = Construction, 0 = No 
Wholesale trade 1 = Wholesale trade, 0 = No 
Retail trade 1 = Retail trade, 0 = No 
Accommodation/food 1 = Accommodation and food services, 0 = No 
Transport/postal 1 = Transport, postal and warehousing, 0 = No 
Information media 1 = Information media and telecommunications, 0 = No 
Financial/insurance 1 = Financial and insurance services, 0 = No 
Rental/hiring 1 = Rental, hiring and real estate services, 0 = No 
Professional/scientific 1 = Professional, scientific and technical services, 0 = No 
Administrative/support 1 = Administrative and support services, 0 = No 
Public administration 1 = Public administration and safety, 0 = No 
Education/training 1 = Education and training, 0 = No 
Health care 1 = Health care and social assistance, 0 = No 

Notes: (a) Real wage rate is calculated for people who have a work history of at least one hour per week and earned 
at least 1$ in that period. The September quarter consumer price index from the Australian Bureau of Statistics 
has been used to deflate wages to the 2011-12 level. (b) This variable can be affected by the change of educational 
status of some of the respondents for which we have considered the last qualification in our calculation. Restricting 
the sample to the 25-54 age group is supposed to limit the impact of such changes. (c, e) The base category for 
education dummies is “Year 11 and below,” while the same for occupation dummies is “Labourers.” (d) Firms with 
less than 5 employees is the base category for the firm size dummies. (f) The base category for the industry dummies 
includes arts and recreation services and other services.
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Appendix B: The Issue of Weights 

The present study decides not to use weights mainly for three reasons. First, the study is more 

concerned with testing a theoretical position (i.e., whether age, period and cohort effects 

contribute to the gender wage gap in Australia). Second, some of the statistical routines used in 

the present analysis does not support weights. Third, in the case of Australian labour market-

related research, studies utilizing both weighted and unweighted approaches have found the 

inclusion of weights from the HILDA Survey to have a minor, non-trivial, slight, or identical 

impact on the parameter estimates. That is, the general pattern of results or the conclusions 

largely remained the same whether weights are used or not (e.g., Laß and Wooden 2019; Coelli 

2014; Buddelmeyer, Lee, and Wooden 2010; Chzhen, Mumford, and Nicodemo 2013). 
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