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Abstract 
 
We model and test the hypothesis that technical and organizational change may be biased against 
older workers. This may occur through a direct adverse effect on their productivity, or through 
insufficient training responses to change. We show that the impact of technical and organizational 
change on the optimal training profile and on the age of retirement is theoretically indeterminate. 
Using a French matched employer-employee data set, we find evidence that computerized firms 
select their older workers more. But modern firms also tend to train all their workers more, 
regardless of age. Technical change may thus explain a decline in the employment of older workers 
through a direct unfavorable impact on their productivity rather than through a comparative 
disadvantage with regard to training. 
 
 
Classification: J14, J24, J26, O30 
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Résumé 
 
Nous modélisons et testons l’hypothèse selon lequel le changement technologique et organisationnel 
aurait des effets asymétriques sur les différentes classes d’âge de travailleurs. 

Un modèle théorique simple permet de montrer que l’effet net du changement technologique sur 
l’emploi et la formation des seniors est indéterminé, dans la mesure où l’entreprise et le travailleur 
peuvent répondre aux effets défavorables du changement par un investissement de formation accru 
et mieux réparti sur toute la carrière du salarié. 

Cet effet net est ensuite estimé sur données microéconomiques françaises appariées (données au 
niveau du poste de travail et de l’entreprise). L’effet sur l’emploi semble défavorable aux seniors : 
les entreprises plus informatisées sélectionnent plus fortement leurs travailleurs âgés. Mais les 
travailleurs âgés ne semblent pas souffrir d’un désavantage comparatif par rapport à la formation : 
les entreprises plus modernes (en termes de technologie et d’informatisation) tendent à former 
davantage tous leurs salariés, y compris les seniors. Le changement technologique permet donc 
d’expliquer une baisse de l’emploi des seniors par son effet direct défavorable sur leur productivité 
plutôt que par l’insuffisance de leur investissement de formation. 
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  Direct effect Indirect effect (through training) 

  
Decreased 

productivity (y2 

falls) 

Accelerated 
productive 

skills’ 
depreciation (�1 

falls) 

Schooling 
obsolescence 

(�e falls) 

Increased 
return on 

productive 
skills (r falls) 

 
Training T1

*
 

= - = + Two-period 
jobs  

Training T2
* = = - + 

One-period 
jobs Training T1 = = = + 

Share of workers retiring early 
G(a*) + + + - 

Among 
younger 
workers 

- - - + 
Average 
training 

Among older 
workers + + -/+ -/+ 
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Share in the 
sample

Incidence of 
training in the 

main task
Incidence of 

computer training

Incidence of 
training in 

management

Incidence of 
training in 
teamwork

Complete sample 100% 54% 31% 10% 12%

20-29 17% 54% 26% 3% 8%
30-39 33% 56% 31% 8% 10%
40-49 33% 55% 32% 13% 14%
50-59 17% 50% 30% 16% 17%
1-4 years 18% 53% 27% 6% 9%
5-9 years 25% 53% 31% 9% 10%
10-14 years 13% 55% 32% 9% 10%
15-19 years 13% 56% 32% 11% 14%
>20 years 31% 55% 32% 14% 15%
50-199 40% 43% 21% 6% 7%
200-1999 44% 58% 33% 11% 13%
>1000 16% 72% 48% 17% 22%
High 9% 70% 49% 10% 18%
Medium-high 19% 64% 40% 13% 15%
Medium-low 30% 53% 28% 8% 11%
Low 42% 47% 25% 10% 11%
College 31% 70% 52% 17% 21%
High school diploma 42% 53% 27% 9% 9%
<High school 27% 38% 13% 5% 7%

Sample size: 4394 observations

By industry's 
technological 
intensity

By education

By age

By tenure

By firm size
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Share in the 
sample

Mean of firm's 
organization index 

in 1997

Mean of firm's 
computerization 
index in 1997

Mean of firm's 
organization index 

in 1994

Mean of firm's 
computerization 

index in 1994
Complete sample 100% 0 0 -0,79 -0,90
standard deviation - 1 1 0,71 0,83

20-29 17% -0,05 -0,06 -0,84 -0,97
30-39 33% -0,02 -0,04 -0,79 -0,92
40-49 33% -0,01 0,01 -0,79 -0,89
50-59 17% 0,10 0,11 -0,72 -0,84
1-4 years 18% -0,07 -0,04 -0,84 -0,96
5-9 years 25% -0,02 -0,08 -0,82 -0,97
10-14 years 13% -0,09 -0,08 -0,82 -0,97
15-19 years 13% 0,00 0,02 -0,79 -0,88
>20 years 31% 0,09 0,11 -0,72 -0,80
50-199 40% -0,62 -0,70 -1,10 -1,37
200-1999 44% 0,27 0,27 -0,64 -0,76
>1000 16% 0,86 1,03 -0,40 -0,11
High 9% 0,33 0,56 -0,58 -0,59
Medium-high 19% 0,36 0,29 -0,63 -0,70
Medium-low 30% 0,12 0,00 -0,74 -0,91
Low 42% -0,31 -0,24 -0,93 -1,06
College 31% 0,14 0,20 -0,71 -0,78
High school diploma 42% -0,03 -0,04 -0,81 -0,93
<High school 27% -0,11 -0,16 -0,84 -1,00

Sample size: 4394 observations.

By industry's 
technological 
intensity

By education

By age

By tenure

By firm size
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Individual wage 
fixed effect (at 

previous 
employers)

Share of years 
non employed 

(%)

Individual wage 
fixed effect (at 

previous 
employers)

Share of years 
non employed 

(%)
0,06 -1,75 ref ref
0,05 0,70 - -

0,10 0,14 0,03 1,88
0,03 0,49 0,06 0,85
0,03 -0,26 -0,03 1,49
0,04 0,49 0,06 0,86

0,01 0,16 -0,05 1,91
0,06 0,72 0,07 1,01

-0,03 1,64 ref ref
0,06 0,77 - -

-0,01 0,22 0,03 -1,41
0,04 0,52 0,07 0,93

0,04 -0,35 0,07 -1,99
0,04 0,53 0,07 0,93

0,11 -0,71 0,14 -2,35
0,06 0,81 0,08 1,12

Number of observations 3 326 4 042 3 326 4 042

OLS regressions of the dependent variables (ability indicators) on the organization and computerization indexes interacted with age groups.
Standard error in small characters below each coefficient (see equation 4 in the text for coefficients' definitions).
Control variables: age group; education (interacted with age); sex; tenure; firm size (interacted with age); industry's technological intensity.

20-29 year old

30-39 year old

40-49 year old

50-59 year old

20-29 year old

30-39 year old

40-49 year old

50-59 year old

Impact of a one 
standard deviation 
increase in the 
organization index

Impact of a one 
standard deviation 
increase in the 
computerization 
index

Dependent variable Dependent variable

g1

g2

g3

g4

c1

c2

c3

c4

g4-g1

c2-c1

c3-c1

c4-c1

A. Impact for each age group B. Differences in impact between age groups

g2-g1

g3-g1
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(1) (2) (3) (4)
0,077 0,058 0,057 0,035
0,010 0,011 0,011 0,019

0,111 0,090 0,091 0,022
0,024 0,026 0,026 0,042

0,077 0,055 0,055 0,067
0,017 0,018 0,018 0,032

0,075 0,051 0,048 0,022
0,017 0,019 0,019 0,031

0,051 0,045 0,042 0,016
0,025 0,027 0,028 0,050

No Yes Yes Yes
No No Yes Yes
No No No Yes

All age groups 1,800
20-29 year old 0,525
30-39 year old 1,280
40-49 year old 0,707
50-59 year old 0,525
All age groups 53%
20-29 year old 54%
30-39 year old 51%
40-49 year old 55%
50-59 year old 51%
All age groups 4 393 4 393 4 393 4 393
20-29 year old - - - 730
30-39 year old - - - 1 461
40-49 year old - - - 1 476
50-59 year old - - - 726

The coefficients display the impact of the firm's index on the probabilty to receive training, by age group
(average partial effects, evaluated at sample mean ).

Standard errors (corrected for clustering in firms and, in the case of model 4, estimated by boostrap) are below the coefficients
in small characters.

Models 1 to 3: probit model; model 4: two-stage estimation, done separately for each age group (see text). 
Control variables model 1: age group.

Control variables model 2: age group, education (interacted with age); sex; tenure; firm size (interacted with age);
 industry's technological intensity; industry's frequency of early retirement

Control variables models 3 and 4: same as model 2; ability indicators (interacted with age).

50-59 year old

All age groups

20-29 year old

Exogeneity test 
(tstat - coef. on 
residuals from 

stage 1)

Dependent variable

Incidence of training in the main task (binary variable)

Share of variance 
explained by 
instruments

Number of 
observations

Control of composition effects
Ability indicators
Instrumented

Firm's organization 
index

30-39 year old

40-49 year old
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(1) (2) (3) (4)
0,066 0,021 0,020 0,018
0,010 0,012 0,012 0,021

0,048 0,009 0,009 0,053
0,024 0,027 0,027 0,052

0,065 0,025 0,023 0,003
0,017 0,019 0,019 0,038

0,065 0,015 0,015 -0,006
0,017 0,020 0,020 0,040

0,100 0,041 0,041 0,051
0,026 0,030 0,031 0,055

No Yes Yes Yes
No No Yes Yes
No No No Yes

All age groups 0,953
20-29 year old 0,656
30-39 year old 0,758
40-49 year old 0,247
50-59 year old 0,426
All age groups 43%
20-29 year old 43%
30-39 year old 42%
40-49 year old 44%
50-59 year old 44%
All age groups 4 393 4 393 4 393 4 393
20-29 year old - - - 730
30-39 year old - - - 1 461
40-49 year old - - - 1 476
50-59 year old - - - 726

The coefficients display the impact of the firm's index on the probabilty to receive training, by age group
(average partial effects, evaluated at sample mean ).

Standard errors (corrected for clustering in firms and, in the case of model 4, estimated by boostrap) are below the coefficients
in small characters.

Models 1 to 3: probit model; model 4: two-stage estimation, done separately for each age group (see text). 
Control variables model 1: age group.

Control variables model 2: age group, education (interacted with age); sex; tenure; firm size (interacted with age);
 industry's technological intensity; industry's frequency of early retirement

Control variables models 3 and 4: same as model 2; ability indicators (interacted with age).

Dependent variable

Incidence of training in the main task (binary variable)

Share of variance 
explained by 
instruments

Number of 
observations

Control of composition effects
Ability indicators
Instrumented

Firm's technology 
index

30-39 year old

40-49 year old

50-59 year old

All age groups

20-29 year old

Exogeneity test 
(tstat - coef. on 
residuals from 

stage 1)
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Age

 1972-77  1980-85
 1988-93

21 24 27 30 33 36 39 42 45 48 51 54 57 60 63
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Computerization: 
Does your company outsource any of the following tasks? (OUT) In 1997 Change since 1994 
3.9 Telephony/networks      
3.10 IT      

 
Are/were your company’s management and production departments equipped with the following IT  
resources ? MANAGEMENT PRODUCTION 
 1997 1994 1997 1994 
16.1 Mainframe computer     
16.2 Non-Networked microcomputer     
16.3 Networked microcomputer     
 
Has your company used, or does it use IT interfaces (computer network, EDI links, etc.) for  1997 1994 
data transfers ? Yes No Yes No 
19.1 within management departments (purchasing, sales, marketing, accounting etc.)     
19.2 between management and production departments (process engineering, production 

management, manufacturing etc.) 
    

19.3 between management and suppliers, subcontractors or service providers     
19.4 between management and corporate clients     
19.5 between management and social organizations, public authorities     
19.6 between design departments (research, development and design) and production     
19.7 between design departments and suppliers, subcontractors or service providers     
19.8 within production departments or between manufacturing units     
19.9 between production departments and suppliers, subcontractors or service providers     
19.10 Between production departments and corporate clients     

 
Did your company use Internet for any of the following in 1997 ? Yes No 
20.1 Accessing e-mail   
20.2 Disseminating information (e.g. Web pages)   
20.3 Searching for information   
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New organizational practices: 
In 1997 Change since 1994 Does your company outsource any of the following tasks? (OUT) 

Yes No + = - 
3.1 Research/development/design      
3.2 Purchasing      
3.3 Production engineering/production 

management/scheduling 
     

3.4 Manufacturing/production      
3.5 Quality assurance      
3.6 Maintenance      
3.7 Sales       
3.8 Marketing/advertising      
3.11 Human resources/staff training      
3.12 Accounting/management control      
3.13 Finance/cash management      
3.14 Legal affairs      
3.15 Environment/health and safety      

 
In 1997 Change in the % of employees 

affected since 1994 
Does your company use the following organizational device? 

Yes No + = - 
4.1 ISO 9001, ISO 9002, EAQF certification      
4.2 Other certification or total quality management      
4.3 Value analysis, functional analysis or “AMDEC” method      
4.4 5S method or TPM (Total Productive Maintenance)      
4.5 Organization in profit centers      
4.6 Formal in-house customer/supplier contracts      
4.7 System of just-in-time delivery      
4.8 System of just-in-time production      

 
In 1997 In 1994 In general, who is/was authorized to do the 

following in your company workshops?  
(more than one answer possible) 

Management 
(MAN) 

Production 
worker (PW) 

Specia list 
(S PE ) 

Management 
(MAN) 

Produc tion 
worker (PW) 

Specia list 
(SPE) 

6.1 Adjust installations       
6.2 Perform 1st level maintenance       
6.3 Allocate tasks to production workers       
6.4 Inspect quality of supplies       
6.5 Inspect quality of production       
6.6 Participate in performance improvements       
6.7 Participate in projects teams       
6.8 Stop production in case of an incident       
6.9 Troubleshoot in case of an incident       
6.10 Start production again in case of an incident       
 
7. How many hierarchical layers are/were there between production workers (level 0) and the head of the 
company (level N)? (HL) and (EVHL) 

In 1997  In 1994  
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