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1. Introduction (Ι) 
• The adoption of innovation depends on the market conditions

• Large firms have higher incentives to innovate (Schumpeter 1934, 1942;
Symeonidis 2002; Macher et al., 2021)

• Competition speeds up innovation as firms attempt to preempt each other in a
technological race (Arrow 1962; Fudenberg and Tirole 1985; 1986)

• Innovation drives economic growth by increasing productivity and efficiency
(Solow 1956)



1. Introduction (ΙΙ)



2. Motivation
• To our knowledge, no previous study has examined the cartel recidivism-

innovation nexus

• We investigate how multiple offenders with at least two cartel fines influence
innovation (Connor, 2010; Le Coq & Marvão, 2021; Marvão, 2023)

• Cartel recidivism is a dynamic process in which the same firms keep formulating
explicit collusion multiple times

• offenders are associated with longer cartel duration, higher overcharges and
greater persistence after enforcement interventions



3. Contribution  

• We provide the first evidence on the impact of cartel recidivism on innovation
growth

• We distinguish between first-time and cartel offenders.

• We extend the conventional DiD approach within a staggered heterogeneous
framework

• We derive policy implications for competition authorities



4. Theoretical Framework (I)



4. Theoretical Framework (II)



5. Research Hypotheses 



6. Sample & Data



Summary statistics

Variable Description N Mean Standard 
deviation

Min Max

Panel A: Binary variables (Connor 2020 data)
Treat Dummy variable equal to one for cartel recidivism cases and

zero otherwise
4,180 0.691 0.462 0 1

Post Dummy variable equal to one after the cartel conviction year
and zero otherwise

4,180 0.275 0.447 0 1

Treat x Post DiD estimator (Interaction effect) 4,180 0.183 0.387 0 1
Panel B: Control & dependent variables (NBER data, 1979-2016)

Emp Total employment (1000s) 4,180 69.03 45.50 4.800 453
Pay                                 Total payroll ($1m) 4,180 2,916 2,453 153.8 12,977
Prode Production workers (1000s) 4,180 46.69 30.04 2.900 362.7
Prodh Production worker hours (1m) 4,180 94.82 60.75 5.900 704
Prodw Production worker wages ($1m) 4,180 1,664 1,233 94 8,618
Invest Total capital expenditure ($1m) 4,180 983.3 1,314 14.50 14,068
Invent End-of-year inventories ($1m) 4,180 2,638 3,506 69.20 20,782
Cap Total real capital stock ($1m) 4,180 14,516 17,468 13.70 120,222
Equip Real capital: equipment ($1m) 4,180 9,763 11,910 118.2 83,391
Plant Real capital: structures ($1m) 4,180 4,927 5,857 188.4 41,255
LP Logged labour productivity 4,180 259.0 277.0 20.79 1,536
LHC Logged human capital  4,180 2.789 0.407 1.502 3.684
LTFPG Logged Total Factor Productivity (growth rate) 4,179 6.727 1.955 -0.405 8.020



7. Methodology

• Simple (homogenous) DiD model (baseline)

• Staggered (heterogenous) DiD estimator (Chaisemartin and D'Haultfoeuille,
2024)

• Cartel recidivists ( = treatment group)

• Single cartel offenders ( = control group)

• Case and year FE to account for unobserved heterogeneity 

• Linear and quadratic trend for possible nonlinearities 



8. Research design 



• The pooled OLS estimator fails to reveal a meaningful relationship

• Cartel recidivism reduces TFP growth by approximately 5% (DiD)

• Repeated cartel involvement is associated with reduced innovation (H1)

• High profits mitigate investment activity (Kovacic et al. 2021; Levenstein and Suslow, 2006)

• Cartel offenses incur high regulatory costs, diverting capital away from R&D (Stephan,
2011)

9. Preliminary findings (Factual scenario)  



• The OLS and DiD estimators do not reveal a causal relationship

• A single cartel conviction does not significantly affect productivity

• Cartel recidivism is more detrimental than single offenses (H2)

9. Counterfactual scenario  
(1) (2) (3) (4) (5) (6) (7)

Pooled OLS Pooled OLS FE FE FE FE FE
log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt

Treati × Postt -0.0107

(0.0199)

-0.0197

(0.0199)

-0.00113

(0.0186)

-0.000562

(0.0188)

-0.00562

(0.0211)

-0.00482

(0.0215)

-0.00893

(0.0224)
Treati 0.0101

(0.0115)

0.0277*

(0.0149)

- - - - -

Postt 0.00638

(0.0192)

0.00557

(0.0192)

0.00601

(0.0181)

0.00674

(0.0187)

0.00737

(0.0195)

0.00922

(0.0196)

0.0133

(0.0202)
Obs 1,387 1,387 1,387 1,387 1,387 1,387 1,387



Heterogenous DiD results (I) 
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• Small negative effect across the cohorts of cartel cases

• Treatment effects vary across cohorts immediately after recidivism

• Negative pattern of cartel recidivism on innovation over time

• The adverse effect persists and intensifies over time (long-run capacity
erosion)



• No immediate effect before treatment since early cohorts fluctuate around zero

• Negative effect five years after the treatment (t = 5)

• The detrimental impact of cartel recidivism on innovation intensifies over time

• Repeated collusion leads to cumulative innovation erosion (Aghion et al., 2005)

Heterogenous DiD results (II) 



• Placebo (falsification) tests 

• Group-specific treatment effects 

• Event study estimators

• Alternative control group ( = no collusion cases) 

• Endogeneity and reverse causality (IV-2SLS) 

Robustness Checks 



(1) (2) (3) (4)
Pooled OLS FE FE FE
log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt

Treati × Postt 0.00711

(0.0585)

-0.00123

(0.00475)

-0.00249

(0.00430)

-0.00468

(0.00450)
Obs 4,179 4,179 4,179 4,179
Treatment Year 1 year before 2 years before 3 years before 4 years before

Placebo tests

• Placebo tests were used 1-4 years pre-treatment

• All placebo estimators converge to zero (P-values > 0.5)

• Treated and control groups have common pre-treatment dynamics

• Results support the parallel trends assumption

• Causal treatment effects of collusion on innovation



Group-specific treatment effects



Event study estimators

• DID event-study estimators (Callaway and Sant’Anna, 2021) remain
close to zero in the pre-treatment periods

• No significant differences before treatment implementation

• Parallel trends assumption is secured



(1) (2) (3) (4) (5) (6)
Pooled OLS Pooled OLS FE FE FE FE
log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt

Treati × Postt -1.166***

(0.363)

-0.536*

(0.281)

0.0416***

(0.00761)

-0.938***

(0.0765)

-0.732***

(0.0767)

-0.00649

(0.00780)
Treati 6.872***

(0.331)

9.508***

(0.713)

- - - -

Postt 0.0985

(0.508)

0.497

(0.347)

-0.0279***

(0.00757)

0.00731

(0.00739)

0.0108

(0.00742)

0.00815

(0.00747)
Obs 3,000 3,000 3,000 3,000 3,000 3,000

Alternative control group

• Cartel recidivism lowers innovation in nearly all specifications

• Larger negative impact when compared to non-colluding sectors

• Robust estimations under additional restrictions on the control group



IV endogeneity tests   

(1) (2) (3) (4) (5) (6) 
IV 2SLS IV 2SLS IV 2SLS IV 2SLS IV 2SLS IV 2SLS

log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt log(TFPG)jt

Treati × Postt -0.872***

(0.110)

-1.607***

(0.151)

-1.278***

(0.0995)

-1.718***

(0.114)

-1.422***

(0.0917)

-1.058***

(0.0794)
Obs 3,001 3,001 4,179 4,179 4,179 4,179
Durbin (score) 0.243 

[0.6218]
0.001278 
[0.9715]

21.8837*** 

[0.000]
7.29279*** 

[0.000]
11.4557*** 

[0.000] 
7.29279*** 

[0.000] 
Wu-Hausman F - 0.001259 

[0.9717]
23.0101*** 

[0.000]
7.90296*** 

[0.000]
13.0667*** 

[0.000]
7.90296*** 

[0.000] 
Robust first-stage F 
regression

1,826.69*** 

[0.000] 
963.63*** 

[0.000]
1,0295.8*** 

[0.000] 
32,303.2*** 

[0.000] 
14,624.4*** 

[0.000]  
32,303.2*** 

[0.000]
Minimum 
eigenvalue statistic

4,301.8***

[0.000]  
2,753.26*** 

[0.000]
6,387.03*** 

[0.000]   
24,233.8*** 

[0.000]    
20,482.1*** 

[0.000]      
24,233.8***

[0.000]

• Negative relationship between cartel recidivism and innovation (IV-2SLS)

• Endogeneity does not drive the results (Durbin and Wu–Hausman test)



Reverse causality  

• A FDM is used to remove time-invariant unit heterogeneity (Chai and Shih, 2014;
Kaiser and Wright, 2006 and Driver, 2000)

• First-difference estimates confirm the negative effect of cartel recidivism on
productivity growth

(1) (2) (3) (4) (5) (6)
Pooled OLS Pooled OLS FE FE FE FE
Δ(logTFPG)jt Δ(logTFPG)jt Δ(logTFPG)jt Δ(logTFPG)jt Δ(logTFPG)jt Δ(logTFPG)jt

Δ(Treati × Postt) -0.0493*

(0.03017)

-0.06*

(0.0346)

-0.0054*

[0.064]

-0.0039

[0.284]

-0.0053*

[ 0.080]

-0.0055*

[0.064]
Observations 3,962 3,962 3,962 3,962 3,962 3,962
Clusters 110 110 110 110 110 110
Control (# cases) 36 36 36 36 36 36
Treatment (# cases) 74 74 74 74 74 74



The paper in a nutshell 



Future research

• Examine patenting and R&D expenditure as alternative innovation
measures

• Use firm-level rather than industry-level data

• Extend the analysis to European Commission (DG COMP) cartel cases

• Investigate heterogeneous effects across industries and market
concentration

• Compare advanced and emerging economies
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