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Abstract
Mainstream strategy scholars have long recognized the importance of stocks (?resources?) in explaining firm growth
and performance.   Under the label of the Resource Based View (RBV) of strategy, strategy researchers have been
consumed with several questions about stock accumulation.  Surprisingly, the literature has done little to evaluate how
the value (not just the amount) of these accumulated stocks rise or fall endogenously over time.  In this paper, we use a
simple model to illustrate how the rise or fall in value of resources as they age affects patterns of firm performance and
growth rates across industries over time.  Using data on firms in 175 different industries from 2003 to 2013, we find
evidence supporting our argument that the relationship between firm age and firm growth rates varies across industries
as a result of differences in the nature of resource aging across industries.
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Effects of Aging Resources on Firm and Industry Dynamics

Abstract

Mainstream strategy scholars have long recognized the importance of stocks (“resources”) 

in explaining firm growth and performance.   Under the label of the Resource Based View 

(RBV) of strategy, strategy researchers have been consumed with several questions about stock 

accumulation.  Surprisingly, the literature has done little to evaluate how the value (not just 

the amount) of these accumulated stocks rise or fall endogenously over time.  In this paper, 

we use a simple model to illustrate how the rise or fall in value of resources as they age affects 

patterns of firm performance and growth rates across industries over time.  Using data on firms 

in 175 different industries from 2003 to 2013, we find evidence supporting our argument that 

the relationship between firm age and firm growth rates varies across industries as a result of 

differences in the nature of resource aging across industries.
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Introduction

Mainstream strategy scholars have long recognized the importance of stocks (“resources”) 

in explaining firm growth and performance.   Under the label of the Resource Based View 

(RBV) of strategy, strategy researchers have been consumed with several questions about stock 

accumulation: when are firms able to acquire stocks at a cost less than their value (Barney, 

1986); how does stock accumulation influence firm expansion (Penrose, 1959); why are some 

firms able to accumulate stocks more effectively or rapidly than others (Argote & Epple, 

1990; Dierickx & Cool, 1989); and how do stocks inhibit change in the face of exogenous 

environmental change (Leonard-Barton, 1992; Levitt, 1975; Rosenbloom & Christensen, 1994; 

Tushman & Romanelli, 1985; Tushman & Anderson, 1986)?  Surprisingly, the literature has 

done little to evaluate how the value (not just the amount) of these accumulated stocks rise or 

fall endogenously over time.  In this paper, we use a simple model of resource aging to develop 

hypotheses about the implications of resource aging for firm and industry dynamics.  We then 

test these hypotheses using data on firm growth rates and resource aging in 175 industries 

over the period from 2003 to 2013.  Consistent with the theoretical arguments, we find that 

firms grow more slowly initially, but grow at a higher rate later, in industries where resources 

grow more valuable over time.  We conclude that the resource aging processes may help us to 

understand conflicting findings about growth rates of firms of different sizes and ages (Caves, 

1998; Simon, 1964).

The basic foundation behind the RBV is that companies rely on resources (e.g., knowledge, 

people, property, and equipment) to compete.  Given the assumed value of resources, most of 

the RBV has focused on how firms acquire large amounts of valuable resources quickly and 

2



Effects of Aging Resources on Firm and Industry Dynamics

cheaply (Dierickx & Cool, 1989; Leonard-Barton, 1992; Tushman & Romanelli, 1985).   While 

RBV research has recognized that changes in resource amounts are often endogenous (Dierickx 

& Cool, 1989), it has largely assumed that changes in resource value (the profit generated by 

a given amount of a resource) are driven by exogenous changes such as the introduction of 

competing technologies or changing consumer needs (Leonard-Barton, 1992; Levitt, 1975; 

Rosenbloom & Christensen, 1994).

This highly aggregated view of resources, as stocks whose amounts change endogenously 

but whose value to the firm rises or falls only due to exogenous changes, overlooks basic 

endogenous stock dynamics well known to those who observe real firms.  Notably, many 

resources pass through an aging (or development) process in which their total amount may 

remain the same but their value to the firm rises or falls over time even without changes in 

external conditions.  In some cases, the value of a resource to the firm rises as it ages (e.g., 

inventories of wine and spirits; employees learning on the job; and products and production 

technologies subject to continuous improvement) while in other cases the value of a resource 

declines as it ages (e.g., workers whose healthcare costs, seniority-based pay, and pension 

payments rise faster than their productivity; and equipment that degrades or whose maintenance 

costs rise).  

In this paper, we argue that resource aging and the distinction between resources that gain 

value with age and resources that lose value with age is a key and systematic influence on firm 

growth rates and as a result on broader patterns of industry dynamics.  Using a simple dynamic 

model, we show that when resources gain value as they age, firms can be expected to grow more 

slowly initially but their growth rates will be higher later.  Using data on firm growth rates we 
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find evidence consistent with our hypotheses, in brief, we find that firms in industries where 

resources rise in value over time grow more slowly initially but later grow at a higher rate.

Basic Model and Implications

We use a very simple model to illustrate how resource aging generates these patterns of firm 

dynamics (Figure 1).  For brevity, the model captures the aging process of resource stocks 

with just two variables, one variable represents a firm’s stock of newer resources  and the 

other represents the firm’s stock of older resources . 1   The basic dynamics of resource 

aging occur in the model as a firm’s resources are first acquired, age, and then are eventually 

discarded.  Specifically, the stock of newer resources  increases with an inflow of 

resource acquisitions  and decreases with an outflow representing the new resources aging 

or ‘maturing’  (equation 1).  Similarly, the stock of older resources  increases as the 

firm’s new resources age  and become older resources and the stock falls as older resources 

reach the end of their useful life and are discarded , (equation 2).  

Eq.1

 Eq.2

1 Basic results are unchanged if we apply a much more detailed model of resources over a continuum of ages.
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To capture our basic argument, that the age of a firm’s resources influences firm performance, 

we model firm performance  as a weighted average of the two resource stocks 

.  The weights   allow the model to capture situations in which the newer resources are 

more valuable than the older resources  as well as the situations in which the older 

resources are more valuable than the newer resources , (equation 3). 

 Eq.3

While the stock equations capture the basic physics of aging (new resources are acquired, 

become old, and are eventually discarded), and our performance equation simply captures our 

argument that the age of a firm’s resources affects firm performance, we must still determine 

how to capture the flows of those resources in and out of the resource stocks .  Two of 

these three flows of resources  are driven simply by time, the amount of time required for 

a new resource to become an old resource  and the amount of time it takes an older resource 

to reach the end of its useful life  (see equations 4a,b).  

,   Eq.4a,4b
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This leaves only an equation for the resource acquisition rate  to complete the model.  We 

begin with the base assumption known as  Gibrat’s Law, that firms grow their total resources 

 at a constant fractional rate  (Simon & Bonini, 1958).  We then amend 

this to bring in an effect of resource age by assuming, as Demsetz (1973) argued, that 

higher preforming firms tend to grow more rapidly.  We capture the relationship between 

firm performance  and grow rates using a logit formulation where  scales how 

dramatically performance influences growth rates (equation 5).

 Eq.5

The overall model is shown graphically in (Figure 1).  The model captures the very simple 

aging process that gives rise to an endogenous change (either rise or fall) in the value of a firm’s 

resources and as a result the firm’s rate of growth.2  

*** Insert Figure 1 about here ***

An inescapable implication of any endogenous change in resource value, whether resources 

become less or more valuable as they age, is that the new resource must always rise before the 

older resource (Figure 2).  While a very straightforward idea, it still has very substantial and 

some subtle implications for firm and industry dynamics.  Specifically, this means that later 

2 For the purpose of clarity of the figures shown later, we’ve assumed that it takes an average of 10 years for 
resources to move from new (young) to older (mature) stages, and an average of 25 years for older resources to 
be depleted (discarded) by the firm.  While the precise values in the figures are sensitive to these assumptions, the 
qualitative results reported are unchanged over reasonable ranges of possible aging time assumptions.
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entrants (those only a few years down the age curve shown in figures 2) will be at an advantage 

(have relatively high performance) when new resources are more valuable than older resources.  

For example, during the early years of many companies, employees are generally younger 

leading to lower pay expectations, lower healthcare costs and pension benefits, and lower 

turnover costs (e.g., Nucor initially boasted annual turnover of only 1%, this is possible only for 

a startup because in equilibrium 1% turnover means that employees remain with a company for 

100 years on average).  For companies with large labor costs this will generally provide a cost 

(performance) advantage for recent entrants (those only a few years into the curves in Figure 2 

where we see more new than older resources) over earlier entrants (those well down the curves 

in Figure 2).  In contrast, the fact that new resources must rise before older resources puts earlier 

entrants at an advantage whenever new resources are less valuable than older resources.  For 

example, in many industries the stocks of customer relationships become much more valuable 

over time as high levels of trust are developed and as customers and firms have adapted their 

practices and processes (e.g., technological adaptations and physical locations of property and 

plant) to work uniquely well with the established firms.  Due to the higher value of these older 

resources, established firms will have an advantage over later entrants.  

*** Insert Figure 2 about here ***

The magnitude and length of the advantages that this basic feature of aging chains can impart 

will depend on a variety of factors that vary from industry to industry.  One of these factors 

is how quickly resources mature.  For example, if the resource remains new for considerably 

longer than it remains with the firm in a older state, both early and late entrants will have a high 

ratio of new to older resources.  Short periods in the older resource stock may explain why older 
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retail firms such as Starbucks continue to benefit from relatively healthy workers with low pay 

expectations.  Most mature workers leave voluntarily (have a low depletion time) and fairly 

quickly to look for employment with greater skill development potential and better long-term 

career prospects.  This allows the new stock to remain high relative to the older stock even as 

firms themselves age.    In contrast, when resources remain mature for much longer than they 

are new, older firms develops a very high ratio of older to new resources.  For example, early 

entrants in industries that rely on large investments in heavy equipment often find that they 

are saddled with equipment that is long lived (has a long depletion time because of the cost to 

remove and reconfigure) and becomes increasingly unreliable and expensive to maintain as it 

ages.  Older firms in these industries will become increasingly disadvantaged relative to new 

entrants due to the slow depletion of resources that are both long-lived and decreasing in value.  

Similarly, for rehabilitation hospital chains in the 1990s, new hospitals were more profitable than 

mature hospitals because Medicare and Medicaid provided generous reimbursement for new 

hospitals (cost-plus contracts) to encourage expansion of access to care.  Rehabilitation hospital 

chains further down the age curve were burdened with a higher proportion of older hospitals 

putting them at a disadvantage relative to firms only a short way down the age curve.3

Figure 3 compares the growth paths of firms (changes in the total of both new and older 

resources over time) when resources either fall in value over time  or rise over time 

3 An extreme version of this structure is often called the Pyramid or Ponzi Scheme, where those in the new stocks 
(new members of the scheme) provide all the value that is consumed by those in the older stocks.  Older schemes, 
where growth has slowed and the ratio of new to older resources has fallen, are at increasing risk of collapse.
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.4  This comparison provides the basis for our tests of the effect of resource aging.  We 

see that firms in an industry where new resources are more valuable grow rapidly at first, then 

their growth slows.5  In contrast, firms in an industry where older resources are more valuable 

grow slowly at first, but notably their growth rate does decline as rapidly over time.  The 

comparison of these two patterns defines our two hypotheses:

Hypothesis 1: Firm growth rates will be lower initially in industries where resources rise 

in value over time 

Hypothesis 2: Firm growth rates will be higher for older firms in industries where 

resources rise in value over time

*** Insert Figure 3 about here ***

METHODS

Setting and data sources

To test the hypotheses, we choose one key example of an aging resource – human capital.  

We choose human capital in part because of the obvious aging, and in part because it is a 

key resource in almost any industry.  Since we believe that the nature of aging of human 

capital differs largely across industries we looked for panel data with coverage of multiple 

industries.  We then apply this in a large panel data set based on European data using OLS, panel 

regressions, and selection tests.  

4 For the simulation labeled “New Resources Higher Value,” the value of a new resource is set at 0.25 and the value 
of a older resource is set at -0.25.  For the simulation labeled (“Older Resources Higher Value”) the settings are 
reversed.  
5 In this run the growth rate slows so much that the firm begins to decline, we focus on the slowing of growth rather 
than the appearance of decline because growth may slow down but still be positive.
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The National Longitudinal Survey of Youth (NLSY), which is conducted by the Bureau of 

Labor Statistics, provides our indicator of whether human capital rises or falls in value in a 

given industry as people age.  We use the “1979 Survey” which tracks individuals from their 

youth starting in 1979 forward.  It is a nationally representative sample of nearly 13,000 men 

and women who were born in the years 1957-1964 and were ages 14-22 years when the survey 

began.  They were interviewed annually until 1994, at which time the survey was presented 

biennially (Bureau of Labor Statistics, 2013). 

Orbis provides our data on the size, age, and growth of firms across multiple industries.  The 

database is owned by Bureau van Dijk (BvD) which collects public and private data on pan-

European companies (Green, 2003).  BvD combines the information, with a focus on the quality 

of private data and presents financials in a standard format that can compare firms across 

national borders. Data is provided for the previous ten years from the date of access, so we use 

data from 2003 to 2013.6  The database allows us to see a wide range of sizes and ages of firms 

with the broad coverage as compared to other sources only on public companies.  We collected 

data from nine countries in the database to provide diversity in country characteristics: Belgium, 

Denmark, Finland, France, Germany, Norway, Poland, Sweden, and Switzerland.  This provided 

data on 4,314,086 firm-year observations on 820,275 firms during the period.

Measures

Firm size:  The size of the firm is measured as the log of the number of employees as defined by 

the data in Orbis.  Growth rate is calculated in the specification by controlling for the lag of the 

employment size.  

6 The data used for this study is based on update number 116, dated October 15, 2013.  
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Training: The main independent variable capturing the change in the value of human capital - 

whether human capital rises or falls as people age in a given industry - is the average amount of 

training provided to employees in a given industry each year.  The variable was used by Coff 

(1999) in his analysis of industry-level human capital characteristics as a strategic resource 

in acquisitions.  We view this variable as capturing the extent to which employees develop 

industry-specific knowledge increasing their value over time, which we treat as a stable industry-

level characteristic.

We use data from surveys from 1979 through 1998 to determine industry-human capital 

characteristics.  In the surveys, the respondents are asked about recent jobs, which are classified 

into 3-digit SIC industries.  During this period, the industry SIC listings were consistently 

reported as the classifications as of the 1980 definition.  The specific question asked is the 

amount of time spent in training for that job in the last year.  We collect these responses for 

each respondent for each year and take the average for each industry.  Data are only available 

for respondents who were asked the question and worked in a given industry.  This yielded 

estimates for 175 industries based on 5726 responses.  This variable is log transformation as 

ln(1+ training hours).  The variable is an industry-level characteristic applied to every firm 

within the individual and is applied as a constant for every firm-year observation within the 

specific industry.  Table 1 includes examples of the high and low training industries.

Education:  The alternative independent variable to test the hypothesis is the average education 

of employees in the industry.  It is the second variable that Coff (1999) used to test industry 

knowledge characteristics in his study.  The variable is derived also derived from the NLSY 

survey.  The respondents answered their years of education that can range from zero to 20 
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years.  The variable represents the type of employees in the industry that can affect both starting 

conditions as well as aging characteristics.  Table 2 includes example of the high and low 

education industries from the sample.  Education is transformed as ln(1+education).

*** Insert Tables 1-2 about here ***

Age:  The age of the firm is calculated by the current date minus the founding date.  We dropped 

firms with a founding date before 1950 as outliers in case the firm age does not accurately 

represent the activities of the firm today with such an age.  Age is transformed as ln(1+age).

Control Variables

We control for two country-level characteristics affecting the firm environment and growth 

potential.

GDP:  The Gross Domestic Product of each country is determined for each industry.  The 

GDP affects the economic environment in which the firms are acting.  This is collected from 

the World Bank World Development Indicators (World Bank, 2013).  The variable is log 

transformed for the regression.  

Inflation:  A second country-specific indicator of the economy is included as a control.  We use it 

to capture country-level characteristics that affect firm growth.  Inflation is again collected by the 

World Bank and is presented as the percentage change in the CPI index within that country.

Public: In the selection models, we use the dummy variable public as 0 (private), 1 (public) 

and 2 (branch), which could affect growth possibilities or desires.  In Orbis, the data field is the 

“Legal Form” and is provided in those levels.  The “branch” characteristic is provided for only 
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a few firms in the database and is so classified if the BvD data collected tied the firm as a direct 

branch of another firm.7  

Empirical Tests

The empirical tests are based on a widely used structural model of firm growth:

Where  is the size (measured as employment) of a firm at time t, Where  is the age (in years) 

of a firm at time t, and   is the average training provided to employees in the firm’s 3-digit SIC 

code.   From the hypotheses, and prior research, we expect the following coefficients:

 firms grow more slowly as they get bigger

 firms grow more slowly as they age

 firms in industries that train more grow resources more slowly

 growth is higher for older firms in higher-training industries

The linear estimation equation after taking logs of both sides yields the empirical model:

7 Removing the “branch” characteristic does not affect the results.
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The model is similar to classic growth papers like Evans (1987a, b) and Dunne, Roberts, and 

Samuelson (1989).  The empirical models performed are pooled OLS regressions, random effect 

panel regression, fixed effect panel regression, and Heckman Selection Models with pooled 

estimates. 

RESULTS

Descriptive statistics and correlations are presented in Table 3.  Table 4 provides the base 

theoretical models consistent with previous studies using pooled OLS regressions.  We then 

add the two alternative key variables that are the focus of this paper (the human capital variable 

and the interaction of human capital and firm age), as well as additional time varying control 

variables.8

*** Insert Table 3 about here ***

Model 1 is a pooled OLS regression with standard errors clustered by firm.  Unsurprisingly, the 

coefficient on lagged employment is near unity since employment levels show a great deal of 

inertia.  Consistent with most prior studies, the coefficient is less than one indicating that larger 

firms grow more slowly.  The coefficient on age is negative.  This also corresponds with prior 

literature (Dunne et al., 1989; Evans, 1987a, b) which has generally found that older firms grow 

more slowly.  

Model 2 includes the training variable in the pooled regression.  The lagged employment 

coefficient is 0.96 and similar in subsequent models.  Also in line with earlier models, the effect 

of firm age on growth is negative (coefficient of -0.022).  The sign on training hours is negative 

8 Empirical growth rate models generally only include the variables of theoretical interest, leaving little precedent 
for the addition of pure control variables.  
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and significant at -0.007.  Model 3 includes the interaction of training and age.  Consistent with 

hypothesis 1, the effect of training on growth is negative (coefficient of -0.032) indicating that 

firms grow more slowly in industries where resources increase in value as they age.  Consistent 

with hypothesis 2, the effect of the interaction between age and training on growth is positive 

(coefficient of 0.0001): older firms grow more rapidly in industries where older resources are 

more valuable.    

Model 4 rebuilds the pooled regression with the alternative variable of years of education.  

Model 5 adds the interaction between education and firm age.  In both models 4 and 5, the 

sign on the education variable is negative at -0.04 and -0.097, respectively.  The interaction 

between education and age is positive and significant with 0.00028.  This is consistent for both 

hypotheses 1 and 2 given the alternative measure of human capital also.  

We then run robustness models with different specifications to account for the panel structure 

and selection possibilities in the data.  These are presented in the appendix with Tables 4-6.  In 

each model, the theoretical variables under consideration remain in the hypothesized directions.  

*** Insert Table 4 about here ***

Table 4 presents both fixed and random effects (Models 6-9) to check for the possibility that the 

observed effects are caused by time-invariant firm characteristics.  The fixed effects specification 

leads to considerable change in coefficients.  The fall in the coefficient on the lagged dependent 

variable, in particular, suggests that the fixed-effects specification introduces substantial bias to 

this dynamic model (Nickell, 1981).9  Including random effects, a compromise often adopted in 

9 While we could estimate this model with GMM to deal with the dynamic model bias in ‘large N, small T” panel, 
we have not done so because we cannot use that specification with later models including the time-invariant training 
variable.
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prior research, has a relatively small influence on the coefficients. 10  

*** Insert Table 5-6 about here ***

Since our panel is subject to attrition, we also perform Heckman Selection Test models in Tables 

5 and 6 for the training and education variables respectively.  We perform a two-stage selection 

model, adding public as an additional selection variable finding that public firms are more likely 

to survive.  The Heckman model is a pooled model where a probit on survival is tested in the 

first stage and the predictions are used to test for selection in the second stage.  Firms with valid 

data through 2012, are characterized as “survivors” and the dependent variable is set to 1 for 

all observations of surviving firms.  If the firm is in the sample but stops reporting data at some 

point before 2012, the firm survivor variable is set to 0.  We have at most 11 years of data for 

any firm but the firms vary widely in age as many were founded before the sample period begins.  

53% of the firms stop reporting data in 2011 or before11.  The first stage tests survivorship and is 

shown and the Mills ratio lambda is included in the second stage for firm growth.  The results of 

the Heckman Selection models are consistent with the prior models for our variables of interest, 

suggesting that the conclusions are not heavily influenced by attrition.

The conclusions from the full models are not significantly different given the different 

specifications for the theoretical variables under consideration.  We will use model 3 to analyze 

the practical significance given the training variable.  To do so, we analyzed the trajectory for a 

firm of average size (12 employees in year one) in an industry that is training at plus or minus 

10 Since the training hours is constant for a firm during the entire period, as it is assumed to be a characteristic of the 
industry rather than a moving value of specific training applied, we cannot run fixed effects or GMM models once 
the other independent variable is included.  
11 Based on their first data points, firms that do and do not survive are not qualitatively different.  The age of the 
removed firms range from 0 to 61 years and the size ranges from 0 to 159,532 employees.  The surviving firms 
range from 0 to 62 years and 0 to 536.731 in age and size, respectively.
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one standard deviation from the average industry.  Initially, an average firm in our sample in a 

low training industry will be growing 3% more per annum than a firm in a high training industry.  

The difference will slowly decline and after 14 years, the firm growth rate will have just reversed 

and the firm in the high training industry will be growing faster.  By year 30, a firm in the high 

training industry will be more growing 2% faster per annum than a firm in the low training 

industry.  

DISCUSSION

We have found evidence that the way resources age (becoming more or less valuable over time) 

influences the relationship between firm age and firm growth.  This finding may help explain 

contrasting findings about the relationship between firm age, firm growth rates, and by extension 

firm survival (Evans, 1987a; Hannan, 1998).  

Evidence that resource aging alters the growth paths of firms has important broader implications 

for broader patterns of industry dynamics and the mortality rates of firms (Hannan, 1998)

.  Recognizing that in some industries resource aging leads to low initial growth rates that 

tend to rise over time relative to the growth rates of other industries, may help us to explain 

situations in which we see survival advantages for older firms, decreasing industry entry and 

exit, and increasing concentration over time.  In contrast, understanding why growth rates in 

other industries begin high but tend to slow down over time may help us to explain situations in 

which we see survival advantages for younger firms, continued high rates of entry and exit, and 

continued fragmentation of the industry.

We have touched on only a few possible ways in which the aging of a firm’s resources 

affect firm dynamics, industry dynamics, and firm’s strategies.  Variables we have treated 
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as exogenous, such as how long it takes for resources to mature and be disposed, may vary 

systematically across industries and may differ across firms as well.  Similarly, pay policies, 

maintenance policies, R&D budgets, training practices, and organizational structures along with 

many other policies may affect the relative productivity of newer and older stocks as well as the 

amount of time that resources spend within the firm in higher or lower value states.  

Factors affecting how well firms manage these dynamics are also of potentially great interest.  

To manage an organization with aging resources well requires a rich appreciation of: how value 

changes as the resources age; when these changes take place; other interdependent factors that 

constrain or encourage firm growth; basic stock flow physics (e.g., that new resources must rise 

first and that a firm’s stock of older resources can continue to rise long after it stops acquiring 

new resources); the factors influencing how long resources spend in each state of the aging 

chain; multiple distinct kinds of resources with different aging profiles; and the incentives that 

managers need to manage and balance short-term against longer-term performance.  
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CŽĨĨ͕ R͘ W͘ ϭϵϵϵ͘ HŽǁ BƵǇĞƌƐ CŽƉĞ ǁŝƚŚ UŶĐĞƌƚĂŝŶƚǇ ǁŚĞŶ AĐƋƵŝƌŝŶŐ FŝƌŵƐ ŝŶ KŶŽǁůĞĚŐĞͲIŶƚĞŶƐŝǀĞ 

IŶĚƵƐƚƌŝĞƐ͗ CĂǀĞĂƚ EŵƉƚŽƌ͘ OƌŐĂŶŝǌĂƚŝŽŶ SĐŝĞŶĐĞ͕ ϭϬ;ϮͿ͗ ϭϰϰͲϭϲϭ͘
DĞŵƐĞƚǌ͕ H͘ ϭϵϳϯ͘ IŶĚƵƐƚƌǇ SƚƌƵĐƚƵƌĞ͕ MĂƌŬĞƚ RŝǀĂůƌǇ͕ ĂŶĚ PƵďůŝĐ PŽůŝĐǇ͘ TŚĞ JŽƵƌŶĂů ŽĨ LĂǁ ĂŶĚ 

EĐŽŶŽŵŝĐƐ͕ ϭϲ͗ ϭͲϵ͘
DŝĞƌŝĐŬǆ͕ I͕͘ Θ CŽŽů͕ K͘ ϭϵϴϵ͘ AƐƐĞƚ SƚŽĐŬ AĐĐƵŵƵůĂƚŝŽŶ ĂŶĚ SƵƐƚĂŝŶĂďŝůŝƚǇ ŽĨ CŽŵƉĞƚŝƚŝǀĞ AĚǀĂŶƚĂŐĞ͘ 

MĂŶĂŐĞŵĞŶƚ SĐŝĞŶĐĞ͕ ϯϱ;ϮϮͿ͗ ϭϱϬϰͲϭϱϭϰ͘
DƵŶŶĞ͕ T͕͘ ƌŽďĞƌƚƐ͕ M͘ J͕͘ Θ SĂŵƵĞůƐŽŶ͕ L͘ ϭϵϴϵ͘ TŚĞ GƌŽǁƚŚ ĂŶĚ FĂŝůƵƌĞ ŽĨ U͘ S͘ MĂŶƵĨĂĐƚƵƌŝŶŐ PůĂŶƚƐ͘ 

TŚĞ QƵĂƌƚĞƌůǇ JŽƵƌŶĂů ŽĨ EĐŽŶŽŵŝĐƐ͕ ϭϬϰ;ϰͿ͗ ϲϳϭͲϲϵϴ͘
EǀĂŶƐ͕ D͘ S͘ ϭϵϴϳĂ͘ TŚĞ RĞůĂƚŝŽŶƐŚŝƉ BĞƚǁĞĞŶ Fŝƌŵ GƌŽǁƚŚ͕ SŝǌĞ͕ ĂŶĚ AŐĞ͗ EƐƚŝŵĂƚĞƐ ĨŽƌ ϭϬϬ 

MĂŶƵĨĂĐƚƵƌŝŶŐ IŶĚƵƐƚƌŝĞƐ͘ TŚĞ JŽƵƌŶĂů ŽĨ IŶĚƵƐƚƌŝĂů EĐŽŶŽŵŝĐƐ͕ ϯϱ;ϰͿ͗ ϱϲϳͲϱϴϭ͘
EǀĂŶƐ͕ D͘ S͘ ϭϵϴϳď͘ TĞƐƚƐ ŽĨ AůƚĞƌŶĂƚŝǀĞ TŚĞŽƌŝĞƐ ŽĨ Fŝƌŵ GƌŽǁƚŚ͘ JŽƵƌŶĂů ŽĨ PŽůŝƚŝĐĂů EĐŽŶŽŵǇ͕ ϵϱ;ϰͿ͗ 

ϲϱϳͲϲϳϰ͘
GƌĞĞŶ͕ L͘ ϮϬϬϯ͘ NŽƚ SŽ EůƵƐŝǀĞ Ͳ QƵĂůŝƚǇ IŶĨŽƌŵĂƚŝŽŶ ŽŶ PƌŝǀĂƚĞ EƵƌŽƉĞĂŶ CŽŵƉĂŶŝĞƐ͗ BƵƌĞĂƵ ǀĂŶ DŝũŬ͛Ɛ 

RĞƐƉŽŶƐĞ ƚŽ ƚŚĞ BƵƐŝŶĞƐƐ IŶĨŽƌŵĂƚŝŽŶ RĞƐŽƵƌĐĞƐ SƵƌǀĞǇ ϮϬϬϯ͘ BƵƐŝŶĞƐƐ IŶĨŽƌŵĂƚŝŽŶ RĞǀŝĞǁ͕ 
ϮϬ;ϮͿ͗ ϲϴͲϳϯ͘

HĂŶŶĂŶ͕ M͘ T͘ ϭϵϵϴ͘ RĞƚŚŝŶŬŝŶŐ ĂŐĞ ĚĞƉĞŶĚĞŶĐĞ ŝŶ ŽƌŐĂŶŝǌĂƚŝŽŶĂů ŵŽƌƚĂůŝƚǇ͗ LŽŐŝĐĂů ĨŽƌŵƵůĂƚŝŽŶƐ͘ TŚĞ 
AŵĞƌŝĐĂŶ JŽƵƌŶĂů ŽĨ SŽĐŝŽůŽŐǇ͕ ϭϬϰ;ϭͿ͗ ϭϮϲͲϭϲϰ͘

LĞŽŶĂƌĚͲBĂƌƚŽŶ͕ D͘ ϭϵϵϮ͘ CŽƌĞ CĂƉĂďŝůŝƚŝĞƐ ĂŶĚ CŽƌĞ RŝŐŝĚŝƚŝĞƐ͗  A PĂƌĂĚŽǆ ŝŶ MĂŶĂŐŝŶŐ NĞǁ PƌŽĚƵĐƚ 
DĞǀĞůŽƉŵĞŶƚ͘ SƚƌĂƚĞŐŝĐ MĂŶĂŐĞŵĞŶƚ JŽƵƌŶĂů͕ ϭϯ͗ ϭϭϭͲϭϮϱ͘

LĞǀŝƚƚ͕ T͘ ϭϵϳϱ͘ MĂƌŬĞƚŝŶŐ MǇŽƉŝĂ͘ HĂƌǀĂƌĚ BƵƐŝŶĞƐƐ RĞǀŝĞǁ͕ ϱϯ;ϱ SĞƉƚĞŵďĞƌͲOĐƚŽďĞƌͿ͗ ϮϲͲϰϴ͘
NŝĐŬĞůů͕ S͕͘ J͘ ϭϵϴϭ͘ BŝĂƐĞƐ ŝŶ DǇŶĂŵŝĐ MŽĚĞůƐ ǁŝƚŚ FŝǆĞĚ EĨĨĞĐƚƐ͘ EĐŽŶŽŵĞƚƌŝĐĂ͕ ϰϵ͗ ϭϰϭϳͲϭϰϮϲ͘
PĞŶƌŽƐĞ͕ E͘ M͘ ϭϵϱϵ͘ TŚĞ TŚĞŽƌǇ ŽĨ ƚŚĞ GƌŽǁƚŚ ŽĨ ƚŚĞ Fŝƌŵ͘ OǆĨŽƌĚ͕ UK͗ BĂƐŝů BůĂĐŬǁĞůů͘
RŽƐĞŶďůŽŽŵ͕ R͘ S͕͘ Θ CŚƌŝƐƚĞŶƐĞŶ͕ C͘ M͘ ϭϵϵϰ͘ TĞĐŚŶŽůŽŐŝĐĂů DŝƐĐŽŶƚŝŶƵŝƚŝĞƐ͕ OƌŐĂŶŝǌĂƚŝŽŶĂů CĂƉĂďŝůŝƚŝĞƐ͕ 

ĂŶĚ SƚƌĂƚĞŐŝĐ CŽŵŵŝƚŵĞŶƚƐ͘ IŶĚƵƐƚƌŝĂů ĂŶĚ CŽƌŽƉŽƌĂƚĞ ĐŚĂŶŐĞ͍͗ ϲϱϱͲϲϴϱ͘
SŝŵŽŶ͕ H͘ A͘ ϭϵϲϰ͘ CŽŵŵĞŶƚ͗ Fŝƌŵ SŝǌĞ ĂŶĚ RĂƚĞ ŽĨ GƌŽǁƚŚ͘ JPE͕ ϳϮ;ϭͿ͗ ϴϭͲϴϮ͘
SŝŵŽŶ͕ H͘ A͕͘ Θ BŽŶŝŶŝ͕ C͘ P͘ ϭϵϱϴ͘ TŚĞ SŝǌĞ DŝƐƚƌŝďƵƚŝŽŶ ŽĨ BƵƐŝŶĞƐƐ FŝƌŵƐ͘ AER͕ ϰϴ;ϰͿ͗ ϲϬϳͲϲϭϳ͘
TƵƐŚŵĂŶ͕ M͕͘ Θ RŽŵĂŶĞůůŝ͕ E͘ ϭϵϴϱ͘ OƌŐĂŶŝǌĂƚŝŽŶĂů EǀŽůƵƚŝŽŶ͗  A MĞƚĂŵŽƌƉŚŽƐŝƐ MŽĚĞů ŽĨ CŽŶǀĞƌŐĞŶĐĞ 

ĂŶĚ RĞŽƌŝĞŶƚĂƚŝŽŶ͘ RĞƐĞĂƌĐŚ ŝŶ OƌŐĂŶŝǌĂƚŝŽŶĂů BĞŚĂǀŝŽƌ͕ ϳ͗ ϭϳϭͲϮϮϮ͘
TƵƐŚŵĂŶ͕ M͘ L͕͘ Θ AŶĚĞƌƐŽŶ͕ P͘ ϭϵϴϲ͘ TĞĐŚŶŽůŽŐŝĐĂů DŝƐĐŽŶƚŝŶƵŝƚŝĞƐ ĂŶĚ OƌŐĂŶŝǌĂƚŝŽŶĂů EŶǀŝƌŽŶŵĞŶƚƐ͘ 

AĚŵŝŶŝƐƚƌĂƚŝǀĞ SĐŝĞŶĐĞ QƵĂƌƚĞƌůǇ;ϯϭͿ͗ ϰϯϵͲϰϲϱ͘
WŽƌůĚ BĂŶŬ͘ ϮϬϭϯ͘ WŽƌůĚ DĞǀĞůŽƉŵĞŶƚ IŶĚŝĐĂƚŽƌƐ ͮ DĂƚĂ͗ ŚƚƚƉ͗ͬͬĚĂƚĂ͘ǁŽƌůĚďĂŶŬ͘ŽƌŐͬĚĂƚĂͲĐĂƚĂůŽŐͬ

ǁŽƌůĚͲĚĞǀĞůŽƉŵĞŶƚͲŝŶĚŝĐĂƚŽƌƐ͘
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Figure 1: Base model of aging resources
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Figure 2: A firm’s new resources must rise before older resources

20



Effects of Aging Resources on Firm and Industry Dynamics

 
40

30

20

10

0 2
2

2

2

2

2
2

2 2 2 2
2

2
2

2

1 1
1

1
1 1 1

1

1
1

1
1 1 1 1

0 5 10 15 20 25 30 35 40 45 50
Time (Year)

R
es

ou
rc

e

Newer Resources 1 1 1 Older Resources 2 2 2

Figure 3: Firm growth as influenced by the relative value of new and older 

resources

21



Effects of Aging Resources on Firm and Industry Dynamics

 
80

60

40

20

0
2 2 2 2 2 2 2

2
2

2
2

2
2

2

2

1
1

1
1

1
1 1 1

1
1

1
1 1 1 1

0 5 10 15 20 25 30 35 40 45 50
Time (Year)

Total resources whn newer higher value (Vn > V o) 1 1 1 1 1 1 1
Total resources when older higher value (Vo > V n) 2 2 2 2 2 2 2 2

22



Effects of Aging Resources on Firm and Industry Dynamics

TABLES

Table 1: Example Industries with High and Low Training Hours

SIC3 Training 
Hours Description

540 52.50 Paper and paper products
220 50.00 Leather tanning and finishing
420 45.00 Water transportation
379 40.00 Misc. Transportation Equipment
422 40.00 Pipe lines, except natural gas
781 40.00 MOTION PICTURE PRODUCTION AND ALLIED SERVICES
152 35.00 GENERAL BUILDING CONTRACTORS-RESIDENTIAL BUILDINGS
729 35.00 MISCELLANEOUS PERSONAL SERVICES
472 34.50 ARRANGEMENT OF PASSENGER TRANSPORTATION

   
551 8.33 MOTOR VEHICLE DEALERS (NEW AND USED)
161 7.57 HIGHWAY AND STREET CONSTRUCTION, EXCEPT ELEVATED HIGHWAYS
541 7.50 GROCERY STORES
737 7.50 COMPUTER PROGRAMMING, DATA PROCESSING, AND OTHER COMPUTER RELATED
478 6.00 MISCELLANEOUS SERVICES INCIDENTAL TO TRANSPORTATION
239 4.00 MISCELLANEOUS FABRICATED TEXTILE PRODUCTS
252 3.33 OFFICE FURNITURE
178 3.00 WATER WELL DRILLING
301 3.00 TIRES AND INNER TUBES
382 1.50 LABORATORY APPARATUS AND ANALYTICAL, OPTICAL, MEASURING, AND CONTR
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Table 2: Example Industries with High and Low Education

SIC3 Education Description
822 15.69 Colleges and Universities
841 14.80 Museums and Art Galleries
842 14.72 Botanical and Zoological Gardens
732 14.56 Credit Reporting and Collection
872 14.37 Accounting, Auditing, and Bookkeeping
921 14.36 Courts

   
178 11.20 WATER WELL DRILLING

781 11.17
MOTION PICTURE PRODUCTION AND ALLIED 
SERVICES

271 11.15 Newspapers
319 10.94 Leather Goods
679 10.82 Miscellaneous Investing
478 10.61 Miscellaneous Transportation Services
141 10.47 Dimension Stone
769 9.80 Misc. Repair Shops

Table 3: Descriptive Statistics

No. Variable Mean Std. Dev Min Max 1 2 3 4 5 6 7
1 employment 37.91 1471.54 0.00 536731 1.0000       
2 age 13.44 11.31 0.00 63.00 0.0156 1.0000      
3 training hours 19.12 8.38 1.50 52.50 -0.0100 -0.0061 1.0000     
4 gdp 1.74E+12 1.26E+12 1.64E+11 3.62E+12 0.0063 0.0017 -0.0341 1.0000    
5 inflation 1.47 1.09 -0.67 4.49 0.0060 -0.0082 -0.0036 0.1919 1.0000   
6 public 0.17 0.38 0.00 2.00 0.0227 0.1976 -0.0382 -0.1088 -0.1725 1.0000  
7 education 12.58 0.96 9.80 15.69 -0.0030 0.0563 -0.0295 -0.0946 -0.0420 0.0490 1.0000

All correlations above ± .001 are significant at p < 0.001
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Table 4: Pooled OLS Models

 Model 1  Model 2  Model 3  Model 4  Model 5  
       Description Base  Training  Interaction  Education  Interaction  

constant -0.4167309 *** -0.3937723 *** -0.280291
**
* -0.3072831

**
* -0.0797904 ***

   std. error 0.0063377  0.0064841  0.0067179  0.0097637  0.0101548  

GDP 0.0189564 *** 0.0188777 *** 0.0187023
**
* 0.0187115

**
* 0.0181021 ***

   std. error 0.0002275  0.0002275  0.0002274  0.0002281  0.0002279  

inflation 0.0182591 *** 0.0182645 *** 0.0183863
**
* 0.0181804

**
* 0.0183502 ***

   std. error 0.0001889  0.0001889  0.0001887  0.0001889  0.0001887  

lagged employment 0.9641213 *** 0.9639442 *** 0.9635358
**
* 0.9639862

**
* 0.9635749 ***

   std. error 0.0001782  0.0001785  0.0001785  0.0001785  0.0001783  

age -0.0219712 *** -0.0219065 *** -0.0482961
**
* -0.0217036

**
* -0.0695883 ***

   std. error 0.0002859  0.0002859  0.0005018  0.0002865  0.0006607  

training   -0.0072498 *** -0.0323121
**
*     

   std. error   0.0004331  0.0005837      

age * training     0.0001026
**
*     

   std. error     1.60E-06      

education       -0.0406837
**
* -0.0973144 ***

   std. error       0.0027609  0.0028463  

age * education         0.0002816 ***
   std. error         3.50E-06  

Observations 2857518  2857518  2857518  2857518  2857518  
Adj R2 0.9178  0.9178  0.9179  0.9178  0.918  

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05
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Appendix: Robustness Models

Table 5: Alternative Panel Specifications – training as key independent variable

 MŽĚĞů ϲ  MŽĚĞů ϳ  MŽĚĞů ϴ  MŽĚĞů ϵ  

       Description
FŝǆĞĚ 

EĨĨĞĐƚƐ  
RĂŶĚŽŵ 
EĨĨĞĐƚƐ  

RĂŶĚŽŵ 
EĨĨĞĐƚƐ  

RĂŶĚŽŵ 
EĨĨĞĐƚƐ  

constant ϱ͘ϱϳϮϴϮ ΎΎΎ ͲϬ͘ϰϵϳϭϰϵϮ ΎΎΎ ͲϬ͘ϰϲϰϱϮϲϱ ΎΎΎ ͲϬ͘ϯϰϯϬϰϯϳ ΎΎΎ
   std. error Ϭ͘Ϭϳϱϰϱϭϭ  Ϭ͘ϬϬϴϭϬϮϱ  Ϭ͘ϬϬϴϯϬϮϯ  Ϭ͘ϬϬϴϱϰϴϱ  

gdp ͲϬ͘ϭϲϳϰϭ  Ϭ͘ϬϮϯϰϵϲϲ ΎΎΎ Ϭ͘ϬϮϯϯϱϳϲ ΎΎΎ Ϭ͘ϬϮϯϭϬϮϳ ΎΎΎ
   std. error Ϭ͘ϬϬϮϳϵϳϭ  Ϭ͘ϬϬϬϮϵϭϮ  Ϭ͘ϬϬϬϮϵϭϮ  Ϭ͘ϬϬϬϮϵϬϲ  

inflation Ϭ͘Ϭϭϵϭϳϯϯ  Ϭ͘Ϭϭϲϳϱϵϴ ΎΎΎ Ϭ͘Ϭϭϲϳϲϰ ΎΎΎ Ϭ͘Ϭϭϲϴϴϭϱ ΎΎΎ
   std. error Ϭ͘ϬϬϬϮϯϭϱ  Ϭ͘ϬϬϬϭϵϮϴ  Ϭ͘ϬϬϬϭϵϮϴ  Ϭ͘ϬϬϬϭϵϮϳ  

lagged employment Ϭ͘ϰϱϱϱϵϱ ΎΎΎ Ϭ͘ϵϯϲϬϯϳϮ ΎΎΎ Ϭ͘ϵϯϱϴϯϮϵ ΎΎΎ Ϭ͘ϵϯϱϲϳϴϰ ΎΎΎ
   std. error Ϭ͘ϬϬϬϲϱϬϰ  Ϭ͘ϬϬϬϮϮϴϰ  Ϭ͘ϬϬϬϮϮϴϳ  Ϭ͘ϬϬϬϮϮϴϯ  

age Ϭ͘ϬϰϲϴϮϬϮ ΎΎΎ ͲϬ͘Ϭϭϳϵϯϰϵ ΎΎΎ ͲϬ͘Ϭϭϳϴϵϲϲ ΎΎΎ ͲϬ͘ϬϰϲϮϯϮϱ ΎΎΎ
   std. error Ϭ͘ϬϬϭϯϳϲϴ  Ϭ͘ϬϬϬϯϰϵϭ  Ϭ͘ϬϬϬϯϰϵϭ  Ϭ͘ϬϬϬϲϬϰϴ  

training     ͲϬ͘ϬϭϬϬϭϴϵ ΎΎΎ ͲϬ͘ϬϯϳϬϰϰ ΎΎΎ
   std. error     Ϭ͘ϬϬϬϱϱϲϵ  Ϭ͘ϬϬϬϳϮϵϱ  

age * training       Ϭ͘ϬϬϬϭϭϲϱ ΎΎΎ
   std. error       Ϯ͘ϬϰEͲϬϲ  

public         
   std. error         

Mills Ratio (lambda)         
   std. error         

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05
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Table 6: Alternative Specifications – training as key independent variable

       Description ϭƐƚ SƚĂŐĞ Ͳ ƐƵƌǀŝǀĂů ϮŶĚ SƚĂŐĞ Ͳ ƐŝǌĞ ϭƐƚ SƚĂŐĞ Ͳ ƐƵƌǀŝǀĂů ϮŶĚ SƚĂŐĞ Ͳ ƐŝǌĞ ϭƐƚ SƚĂŐĞ Ͳ ƐƵƌǀŝǀĂů ϮŶĚ SƚĂŐĞ Ͳ ƐŝǌĞ
constant Ϯϯ͘ϮϲϳϬϮ ΎΎΎ Ϭ͘Ϭϴϭϭϳϯϭ Ϯϯ͘Ϯϲϲϰϳ ΎΎΎ Ϭ͘ϭϮϮϲϰϱϰ ΎΎ Ϯϯ͘ϰϲϯϬϳ ΎΎΎ Ϭ͘ϯϳϵϭϰϲ ΎΎΎ
   std. error Ϭ͘ϬϮϱϴϯϮ Ϭ͘ϬϰϭϯϯϬϲ Ϭ͘ϬϮϲϰϮϯϲ Ϭ͘Ϭϰϭϰϭϱ Ϭ͘ϬϮϳϰϵϯϴ Ϭ͘ϬϰϮϬϵϱϴ

gdp ͲϬ͘ϴϮϬϱϴϭϭ ΎΎΎ ͲϬ͘ϬϬϬϬϳϮϮ ͲϬ͘ϴϮϬϱϳϵϮ ΎΎΎ ͲϬ͘ϬϬϬϲϳϴϰ ͲϬ͘ϴϮϭϭϲϲϯ ΎΎΎ ͲϬ͘ϬϬϱϭϵϲϰ ΎΎ
   std. error Ϭ͘ϬϬϬϵϭϴϴ Ϭ͘ϬϬϭϱϲϰϵ Ϭ͘ϬϬϬϵϭϵ Ϭ͘ϬϬϭϱϲϱϯ Ϭ͘ϬϬϬϵϭϵϱ Ϭ͘ϬϬϭϱϳϰϵ

inflation ͲϬ͘ϭϲϳϱϳϲ ΎΎΎ Ϭ͘ϬϮϬϮϬϳϲ ΎΎΎ ͲϬ͘ϭϲϳϱϳϱϳ ΎΎΎ Ϭ͘ϬϮϬϬϵϯϴ ΎΎΎ ͲϬ͘ϭϲϳϲϴϲϮ ΎΎΎ Ϭ͘ϬϭϵϯϬϵϲ ΎΎΎ
   std. error Ϭ͘ϬϬϬϴϬϵ Ϭ͘ϬϬϬϯϳϬϮ Ϭ͘ϬϬϬϴϬϵ Ϭ͘ϬϬϬϯϳϬϮ Ϭ͘ϬϬϬϴϬϵϭ Ϭ͘ϬϬϬϯϳϭϭ

lagged employment ͲϬ͘ϬϰϬϳϮϲϯ ΎΎΎ Ϭ͘ϵϲϮϬϱϲ ΎΎΎ ͲϬ͘ϬϰϬϳϮϮϵ ΎΎΎ Ϭ͘ϵϲϭϴϬϭϲ ΎΎΎ ͲϬ͘ϬϰϭϬϳϰϱ ΎΎΎ Ϭ͘ϵϲϭϬϳϰϭ ΎΎΎ
   std. error Ϭ͘ϬϬϬϳϮϳϭ Ϭ͘ϬϬϬϮϯϴϯ Ϭ͘ϬϬϬϳϮϳϵ Ϭ͘ϬϬϬϮϯϴϵ Ϭ͘ϬϬϬϳϮϴϯ Ϭ͘ϬϬϬϮϯϵϯ

age Ϭ͘ϬϱϮϮϬϯϲ ΎΎΎ ͲϬ͘Ϭϭϵϵϱϴϵ ΎΎΎ Ϭ͘ϬϱϮϮϬϮϯ ΎΎΎ ͲϬ͘ϬϭϵϳϮϳϴ ΎΎΎ Ϭ͘ϬϬϴϰϮϵϴ ΎΎΎ ͲϬ͘ϬϱϮϯϰϭϳ ΎΎΎ
   std. error Ϭ͘ϬϬϭϭϱϵϲ Ϭ͘ϬϬϬϯϵϰϵ Ϭ͘ϬϬϭϭϱϵϳ Ϭ͘ϬϬϬϯϵϱϭ Ϭ͘ϬϬϮϬϮϳϱ Ϭ͘ϬϬϬϲϲϮϵ

training Ϭ͘ϬϬϬϭϳϭϴ ͲϬ͘ϬϬϴϵϰϮϳ ΎΎΎ ͲϬ͘Ϭϰϭϱϴϭϳ ΎΎΎ ͲϬ͘ϬϰϬϰϱϲϳ ΎΎΎ
   std. error Ϭ͘ϬϬϭϳϰϵϯ Ϭ͘ϬϬϬϱϳϯϱ Ϭ͘ϬϬϮϯϲϭϲ Ϭ͘ϬϬϬϳϴϬϱ

age * training Ϭ͘ϬϬϬϭϳϰϮ ΎΎΎ Ϭ͘ϬϬϬϭϮϱϲ ΎΎΎ
   std. error ϲ͘ϲϮEͲϬϲ Ϯ͘ϭϬEͲϬϲ

public Ϭ͘ϯϯϴϭϬϱϲ ΎΎΎ Ϭ͘ϯϯϴϭϭϳϭ ΎΎΎ Ϭ͘ϯϯϯϵϰϯϯ ΎΎΎ
   std. error Ϭ͘ϬϬϮϰϳϭϲ Ϭ͘ϬϬϮϰϳϰϰ Ϭ͘ϬϬϮϰϳϵϱ

Mills Ratio (lambda) Ϭ͘ϬϰϱϰϮϰ ΎΎΎ Ϭ͘Ϭϰϲϲϵϵϯ ΎΎΎ Ϭ͘Ϭϱϲϲϰϰϰ ΎΎΎ
   std. error Ϭ͘ϬϬϯϰϵϱϭ Ϭ͘ϬϬϯϰϵϲ Ϭ͘ϬϬϯϱϭϱϴ

MŽĚĞů ϭϬ Ͳ HĞĐŬŵĂŶ MŽĚĞů ϭϭ Ͳ HĞĐŬŵĂŶ MŽĚĞů ϭϮ Ͳ HĞĐŬŵĂŶ

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05
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Table 7: Alternative Specifications – education as key independent variable

MŽĚĞů ϭϯ MŽĚĞů ϭϰ
       Description RĂŶĚŽŵ EĨĨĞĐƚƐ RĂŶĚŽŵ EĨĨĞĐƚƐ ϭƐƚ SƚĂŐĞ Ͳ ƐƵƌǀŝǀĂů ϮŶĚ SƚĂŐĞ Ͳ ƐŝǌĞ ϭƐƚ SƚĂŐĞ Ͳ ƐƵƌǀŝǀĂů ϮŶĚ SƚĂŐĞ Ͳ ƐŝǌĞ
constant ͲϬ͘ϯϯϱϴϯϬϯ ΎΎΎ ͲϬ͘ϭϬϮϬϯϬϮ ΎΎΎ ϮϮ͘ϲϰϯϴϯ ΎΎΎ Ϭ͘ϭϴϬϬϱϱϵ ΎΎΎ ϮϮ͘ϵϲϲϬϭ ΎΎΎ Ϭ͘ϲϭϬϱϲϱϲ ΎΎΎ
   std. error Ϭ͘ϬϭϮϱϴϱϮ Ϭ͘ϬϭϮϵϲϭϲ Ϭ͘ϬϯϵϲϴϳϮ Ϭ͘ϬϰϭϮϵϴϵ Ϭ͘ϬϰϭϯϳϬϰ Ϭ͘ϬϰϮϯϱϴϴ

gdp Ϭ͘ϬϮϯϭϯϰϭ ΎΎΎ Ϭ͘ϬϮϮϰϰϭϴ ΎΎΎ ͲϬ͘ϴϭϵϮϵϵϯ ΎΎΎ Ϭ͘ϬϬϬϮϲϴϵ ͲϬ͘ϴϮϬϱϬϳϭ ΎΎΎ ͲϬ͘ϬϬϲϮϱϳϱ ΎΎΎ
   std. error Ϭ͘ϬϬϬϮϵϭϵ Ϭ͘ϬϬϬϮϵϬϵ Ϭ͘ϬϬϬϵϮϬϳ Ϭ͘ϬϬϭϱϲϴϯ Ϭ͘ϬϬϬϵϮϮϭ Ϭ͘ϬϬϭϱϴϬϲ

inflation Ϭ͘Ϭϭϲϲϵϴ ΎΎΎ Ϭ͘Ϭϭϲϴϳϳϵ ΎΎΎ ͲϬ͘ϭϲϳϯϯϲϴ ΎΎΎ Ϭ͘ϬϮϬϮϮϲϰ ΎΎΎ ͲϬ͘ϭϲϳϰϲϰϰ ΎΎΎ Ϭ͘ϬϭϵϮϬϬϰ ΎΎΎ
   std. error Ϭ͘ϬϬϬϭϵϮϵ Ϭ͘ϬϬϬϭϵϮϳ Ϭ͘ϬϬϬϴϬϵϭ Ϭ͘ϬϬϬϯϳϬϮ Ϭ͘ϬϬϬϴϬϵϮ Ϭ͘ϬϬϬϯϳϭϭ

lagged employment Ϭ͘ϵϯϱϴϲϳϲ ΎΎΎ Ϭ͘ϵϯϱϵϮϮϴ ΎΎΎ ͲϬ͘Ϭϯϵϵϭϵϴ ΎΎΎ Ϭ͘ϵϲϭϴϳϯϮ ΎΎΎ ͲϬ͘ϬϰϬϬϲϬϲ ΎΎΎ Ϭ͘ϵϲϭϬϴϵϮ ΎΎΎ
   std. error Ϭ͘ϬϬϬϮϮϴϲ Ϭ͘ϬϬϬϮϮϳϴ Ϭ͘ϬϬϬϳϮϴϮ Ϭ͘ϬϬϬϮϯϴϲ Ϭ͘ϬϬϬϳϮϴϱ Ϭ͘ϬϬϬϮϯϴϴ

age ͲϬ͘Ϭϭϳϱϲϲϱ ΎΎΎ ͲϬ͘ϬϲϳϮϬϭ ΎΎΎ Ϭ͘ϬϱϬϵϳϵϳ ΎΎΎ ͲϬ͘Ϭϭϵϲϲϳϭ ΎΎΎ ͲϬ͘Ϭϭϱϲϵϱϱ ΎΎΎ ͲϬ͘ϬϳϴϯϯϯϮ ΎΎΎ
   std. error ͲϬ͘Ϭϭϳϱϲϲϱ Ϭ͘ϬϬϬϳϴϮϲ Ϭ͘ϬϬϭϭϲϭϮ Ϭ͘ϬϬϬϯϵϰϴ Ϭ͘ϬϬϮϲϱϴϮ Ϭ͘ϬϬϬϴϳϰϴ

education ͲϬ͘Ϭϱϵϵϳϴϯ ΎΎΎ ͲϬ͘ϭϭϵϬϭϰϲ ΎΎΎ Ϭ͘ϮϯϮϴϳϴϵ ΎΎΎ ͲϬ͘ϬϰϮϲϭϭϯ ΎΎΎ Ϭ͘ϭϱϱϱϲϰϮ ΎΎΎ ͲϬ͘ϭϭϬϵϮϵϳ ΎΎΎ
   std. error Ϭ͘ϬϬϯϱϴϬϵ Ϭ͘ϬϬϯϲϲϯϮ Ϭ͘ϬϭϭϮϵϰϲ Ϭ͘ϬϬϯϱϱϳϭ Ϭ͘ϬϭϭϲϯϬϯ Ϭ͘ϬϬϯϲϱϵ

age * education Ϭ͘ϬϬϬϯϬϵ ΎΎΎ Ϭ͘ϬϬϬϰ ΎΎΎ Ϭ͘ϬϬϬϯϰϭϰ ΎΎΎ
   std. error ϰ͘ϯϳEͲϬϲ ϭ͘ϰϯEͲϬϱ ϰ͘ϲϯEͲϬϲ

public Ϭ͘ϯϯϲϮϲϯ ΎΎΎ Ϭ͘ϯϯϬϴϲϳϮ ΎΎΎ
   std. error Ϭ͘ϬϬϮϰϳϯϱ Ϭ͘ϬϬϮϰϴϬϴ

Mills Ratio (lambda) Ϭ͘ϬϰϰϬϱϲ ΎΎΎ Ϭ͘ϬϱϳϬϯϮϱ ΎΎΎ
   std. error Ϭ͘ϬϬϯϱϬϴϰ Ϭ͘ϬϬϯϱϯϭϲ

MŽĚĞů ϭϱ Ͳ HĞĐŬŵĂŶ MŽĚĞů ϭϲ Ͳ HĞĐŬŵĂŶ

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05

28


