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1. Introduction

• Why is workplace training important?

• Large investments in workplace training:

• Large firms (> 100 empl.): 47 hours of training / year

• Overall investments of 87.6 billion USD in 2018 (Freifeld, 2018)

• Important for adaption to technological change

• Many countries use (tax) incentives to stimulate training

• Large heterogeneity in returns to workplace training (mean=7.3%; SD=8.9)

• Wage returns ≤ productivity returns (rent sharing)

• Setting: heterogeneity in type of training, occupations (labor markets)

• Methods to account for endogenous training participation:

• OLS (likely biased): large returns

• OLS with worker-fixed effects; Heckman correction etc.: typically lower

• Few experimental studies
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1. Introduction

• This paper:

• What can we learn from non-experimental evaluations? Are commonly used methods

successful in removing selection bias?

• Basic idea: compare non-experimental estimates against an experimental benchmark

estimate (cf. LaLonde, 1986; Diaz & Handa, 2006; McKenzie et al., 2010)

• Setting:

• Field experiment with randomized treatment and control groups (De Grip &

Sauermann 2012)

• Non-experimental control group: agents who were not selected for participation in the

experiment

• Allows to compare unbiased (experimental) and potentially biased (non-experimental)

returns to training
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2. Setting: training program with randomized participation

• Call center of a multinational telecommunication firm in NL

• Panel data for call agents (N=157) over 32 weeks

• Agents’ task: Handling (inbound) customer calls

• Fixed pay, no task specialization or short term incentives

• Performance measurement: Average handling time (AHT)

• The training program

• One-week training course, Monday to Friday (38 hours)

• Training sessions: 19 hrs formal training sessions (techniques to become more

efficient); 19 hrs: learning-by-doing (assisted working)

• Aim: Increasing performance (decreasing AHT / shorter calls)

• We observe agents before, during, and after the training period
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2. Setting: training program with randomized participation

All agents

(N = 157)

Non-experimental sample

(N = 73)

Tenure ↓ yi ↓ Turnover ↑

Experimental sample

(N = 74)

10 non-compliers removed

from sample

Control group

(N = 40)

Treatment group

(N = 34)randomized
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Timeline
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3. Estimating experimental and non-experimental returns to training

• Estimation of the returns to workplace training

yit = α + τdit + β1Xit + uit

dit : treatment dummy → τ parameter of interest

Xit : (varying) sets of controls

• Cov(dit , uit) = 0?

• Experimental sample: by design Cov(dit , uit) = 0 → τ̂exp estimates causal returns to

workplace training (De Grip and Sauermann, 2012: τ̂exp = 10%)

• Non-experimental sample: Cov(dit , uit) 6= 0

• Selection bias: τ̂exp − τ̂non
• Can we retrieve the experimental estimate from a non-experimental sample?

1. Different sets of control variables

2. Worker fixed effects

3. Common support restrictions
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4. Results

Dependent variable: logarithm of worker productivity
(1) (2) (3) (4) (5) (6)

A: Experimental sample (74 agents / 1,859 agent × week observations)
Treatment dummy (τ̂E ) 0.1092*** 0.1127*** 0.1195*** 0.0835*** 0.1252*** 0.1167***

(0.0179) (0.0182) (0.0201) (0.0217) (0.0100) (0.0105)
Adjusted R-squared 0.0315 0.0668 0.0809 0.0730 0.0662 0.4124

B: Non-experimental sample (107 agents / 2,383 agent × week observations)
Treatment dummy (τ̂N) 0.2175 0.2160 0.1868 0.1242 0.1346 0.1321

(0.0369) (0.0387) (0.0233) (0.0200) (0.0116) (0.0245)
Adjusted R-squared 0.0929 0.1089 0.1365 0.1501 0.0628 0.4692

C: Selection bias
τ̂N − τ̂E 0.1083 0.1033 0.0673 0.0407 0.0094 0.0154
p-value (τ̂N − τ̂E ) 0.0078 0.0108 0.0060 0.1620 0.3053 0.5049
Bias in % ((τ̂N − τ̂E )/τ̂E*100) 99.1 91.6 56.3 48.8 7.5 13.2

Control variables No Yes Yes Yes No No
Tenure (linear + squared) No No Yes No No No
Common trend No No No Yes No No
Worker FE No No No No Yes No
Pre-treatment performance No No No No No Yes

Results for sub groups
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4. Results

(a) No controls (Col. 1)
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(b) Incl. worker fixed effects (Col. 6)
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Black lines=experimental sample

Gray lines=non-experimental sample
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4. Results

• Common support restrictions

• Idea: restrict samples to ‘comparable’ individuals (based on their propensity score)

• Estimate propensity score based on pre-treatment characteristics probit results

• Apply 5/95 percentile and 20/80 percentile restrictions
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• Result: strong restriction further reduces selection bias

Jan Sauermann (SOFI, Stockholm University) Workshop Workplace and management practices 21-08-2020—slide 8



5. Conclusions

• Main results:

• Non-experimental estimates exhibit strong selection bias

• Bias is reduced by conditioning on (1) pre-treatment productivity; (2) worker fixed

effects; (3) common support restriction (strong)

• What can we learn from this specific study?

• Selection bias in returns to training can be substantial!

• Standard methods can work to reduce selection bias

• How can we put this into perspective to other (non-experimental) studies?

• Absence of causal benchmark → how successful are studies in eliminating selection

bias?

• Reduction of estimates when introducing worker fixed effects?

• Applying worker FE reduces estimate by 61% (8.9 → 3.2)

• This study: 38% (21.8 → 13.5) (→ fairly homogenous sample?)
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A. Appendix: overview studies
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A. Appendix: overview studies

• Years of publication of studies on worker-level returns
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A. Appendix: overview studies

• Years of publication of studies on worker-level returns (dark: experimental)
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B. Timeline of experiment

• The field experiment: time line

-

Pre-Training Training TG Post-Training (Training CG)

6

Assignment

2008w45 2009w10 2009w15 2009w24
t

• Non-random selection into field experiment (by management based on tenure)

• Experimental sample (N = 74)

• Non-experimental sample (N = 73)

• Experimental sample: randomized participation in workplace training

• Treatment group: trained between 2009w10 and 2009w15 (N = 34)

• Control group: trained after 2009w24 (N = 40)

• Non-experimental sample has lower tenure, lower performance, and higher

turnover back



C. Appendix: descriptive statistics for subgroups of non-experimental sample

(1) (2) (3) (4) (5) (6)
Exp. sample Exp. sample Non-exp.

All agents Treat. group Control group sample t-test (2)-(3) t-test (2)-(4)
Gender (1=male) 0.293 0.382 0.275 0.301 0.107 0.081

(0.457) (0.493) (0.452) (0.462) (0.111) (0.100)
Age (in years) 33.009 34.070 36.146 29.866 -2.076 4.204*

(11.304) (10.095) (11.640) (10.847) (2.527) (2.186)
Tenure (in months) 36.975 53.353 49.450 16.110 3.903 37.243***

(47.377) (49.578) (51.857) (30.053) (11.812) (9.201)
Working hours 20.154 19.053 20.182 20.864 -1.129 -1.812

(6.410) (6.348) (5.682) (7.041) (1.411) (1.365)
Share peak hours 0.547 0.554 0.523 0.565 0.031 -0.011

(0.098) (0.106) (0.129) (0.063) (0.027) (0.020)
Pre-treatment performance 0.336 0.364 0.374 0.285 -0.010 0.079***

(0.094) (0.072) (0.071) (0.087) (0.017) (0.016)
Turnover 0.338 0.206 0.250 0.493 -0.044 -0.287***

(0.474) (0.410) (0.439) (0.503) (0.099) (0.092)
Number of agents 157 34 40 73 74 107

Non-experimental sample descriptive statistics



C. Appendix: descriptive statistics for subgroups of non-experimental sample

(1) (2) (3) (4) (5)
t-test t-test t-test

G1 G2 G1-G2 G1-Exp. TG G2-Exp. TG
Gender (1=male) 0.143 0.318 0.175 0.239 0.064

(0.378) (0.469) (0.154) (0.166) (0.102)
Age (in years) 23.045 30.548 7.503*** 11.025*** 3.521

(4.180) (11.087) (2.227) (2.431) (2.246)
Tenure (in months) 22.000 15.485 -6.515 31.353 37.868***

(43.780) (28.626) (16.918) (18.604) (9.204)
Working hours 24.091 20.522 -3.569 -5.038* -1.470

(5.579) (7.128) (2.284) (2.373) (1.398)
Share peak hours 0.596 0.561 -0.034* -0.042 -0.007

(0.043) (0.064) (0.018) (0.024) (0.020)
Pre-treatment performance 0.305 0.283 -0.022 0.059 0.081***

(0.080) (0.088) (0.034) (0.035) (0.017)
Turnover 0.143 0.530 0.387** 0.063 -0.324***

(0.378) (0.503) (0.156) (0.159) (0.094)
Number of agents 7 66 73 41 100

back



D. Appendix: group definition

Name Description Number of agents
Field experiment
Treatment group Agents randomly assigned to training in weeks 10/2009 to

14/2009.
N = 34

Control group Agents randomly assigned to training after week 24/2009. N = 40
Re-assigned agents Agents initially assigned to treatment or control group but re-

assigned, e.g., due to illness or vacation plans. These agents are
not included in our analysis.

N = 10

Non-experimental control group
G1 Agents initially not selected to be part of the field experiment,

but were eventually trained during the sample period.
N = 7

G2 Agents initially not selected to be part of the field experiment
who were not trained during the sample period.

N = 66
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E. Appendix: variable definition

Variable name Definition

Gender 1 if male agent, zero otherwise

Age Age measured in years at start of observation period

Tenure Tenure measured in months at start of observation period in week 45/2008

Working hours Number of actual working hours in week t

Share peak hours Share of agent i ’s hours worked during peak hours (defined as hours between

12:00 and 18:00)

Pre-treatment performance Average performance over weeks 45/2008 to 49/2008, i.e., before management

decided on assignment to the training program

Turnover Dummy equaling 1 if agent exits department before end of observation period,

and zero otherwise. Exiting agents could either move to other departments or

leave the firm entirely

Calls per FTE Total number of incoming calls normalized by number of full-time equivalents

working in the same week

Common trend Linear time trend



F. Appendix: main results sub groups

Dependent variable: logarithm of worker performance
(1) (2) (3) (4) (5) (6)

A: TG-G1 (N=41, n=1,049)
Treatment dummy 0.1472*** 0.1420*** 0.1415*** 0.1647** 0.1346*** 0.1386***

(0.0200) (0.0207) (0.0216) (0.0427) (0.0124) (0.0174)
Adjusted R-squared 0.1067 0.1270 0.1357 0.1276 0.1780 0.4897

B: TG-G2 (N=100, n=2,190)
Treatment dummy 0.2205*** 0.2179*** 0.1769*** 0.1261*** 0.1252*** 0.1143***

(0.0402) (0.0417) (0.0193) (0.0211) (0.0098) (0.0138)
Adjusted R-squared 0.0832 0.0996 0.1305 0.1421 0.0472 0.4760

Control variables No Yes Yes Yes No No
Tenure (linear + squared) No No Yes No No No
Common trend No No No Yes No No
Worker FE No No No No Yes No
Pre-treatment performance No No No No No Yes

Notes: *** p<0.01, ** p<0.05, * p<0.1. Dependent variable: log(yit). Standard errors clustered at the team
level. Control variables include working hours, share peak hours, and calls per FTE. All regressions include
a constant. Pre-treatment performance is defined as average performance during weeks 45/2008 to 52/2008.
TG-G1 contains all agents from the non-experimental sample assigned by management to be treated with the
treatment group during the training period. G2 includes all agents who were not trained during the observation

period used in this sample back



G. Appendix: propensity score estimation

(1)
Gender (1=male) 0.0668

(0.2704)
Age (in years) -0.0005

(0.0147)
Tenure (in months) 0.0515***

(0.0166)
Tenure (sq.) -0.0003**

(0.0001)
Working hours 0.0451**

(0.0194)
Share peak hours -1.1862

(1.2690)
Pre-treatment performance 7.3280***

(1.7331)
Constant -3.4666***

(1.0538)
Number of agents 137
Pseudo R-squared 0.3030

Notes: *** p<0.01, ** p<0.05, * p<0.1. Dependent variable: dummy whether agent i is part of the field
experiment or not. For 10 of the 147 agents, there is either no information on age or no information on pre-

treatment performance available. back



G. Appendix: propensity score estimation

(1) (2) (3) (4) (5) (6)
Common support restriction 5th-95th 5th-95th 5th-95th 20th-80th 20th-80th 20th-80th

A: Experimental sample 67 agents (1,684 obs.) 47 agents (1,173 obs.)
Treatment dummy (τ̂E ) 0.1079*** 0.1295*** 0.1158*** 0.1163*** 0.1262*** 0.1146***

(0.0217) (0.0070) (0.0097) (0.0330) (0.0051) (0.0155)
Adjusted R-squared 0.0315 0.0788 0.4405 0.0437 0.0804 0.3294

B: Non-experimental sample 88 agents (2,040 obs.) 57 agents (1,397 obs.)
Treatment dummy (τ̂N) 0.1924*** 0.1348*** 0.1272*** 0.1367*** 0.1245*** 0.1105***

(0.0299) (0.0071) (0.0161) (0.0342) (0.0048) (0.0165)
Adjusted R-squared 0.0888 0.0682 0.4159 0.0591 0.0676 0.3408

C:Selection bias
τ̂N − τ̂E 0.0845 0.0053 0.0114 0.0204 -0.0016 -0.0041
p-value (τ̂N − τ̂E ) 0.0212 0.4328 0.5445 0.3056 0.3160 0.7727
Bias in % ((τ̂N − τ̂E )/τ̂E*100) 78.3 4.1 9.8 17.6 -1.3 -3.5

Control variables No No No No No No
Tenure (linear + squared) No No No No No No
Common trend No No No No No No
Worker FE No Yes No No Yes No
Pre-treatment performance No No Yes No No Yes
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