
111

6
Work-related training and the 

minimum wage
Wiji Arulampalam, Alison L Booth and Mark L Bryan

Human capital theory predicts that the introduction of a minimum wage 
in competitive labour markets will reduce general training investment by 
covered workers who can no longer finance such training through lower 
wages (Rosen 1972). However, if the low-paid labour market is imperfectly 
competitive, firms will be more likely to pay for general training, although 
under-provision may result; see inter alia Stevens (1994); Acemoglu and 
Pischke (1999). Intuitively, the monopsonistic character of the labour 
market compresses workers’ returns to human capital, allowing the firm to 
keep some of the surplus. By compressing wages further, the introduction 
of a minimum wage can increase training.

Early empirical studies that looked at the effect of training on wage growth 
found that minimum wages lowered wage growth (Leighton and Mincer, 
1981; Hashimoto, 1982). However, more recent studies – all using US 
microdata – perform more direct tests with better data but with mixed 
results. While Schiller (1994) and Neumark and Wascher (2001) found that 
workers subjected to a minimum wage received less training, Grossberg and 
Sicilian (1999) and Acemoglu and Pischke (2003) found no clear evidence 
either way.

A UK National Minimum Wage (NMW) was introduced on 1 April 
1999. It followed a period of six years, from the abolition of the Wages 
Councils, during which there was no statutory wage-floor in any sector but 
agriculture. The government views the NMW as an ‘important cornerstone 
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of Government strategy aimed at providing employees with decent 
minimum standards and fairness in the workplace’ (DTI 2006). At the same 
time, it emphasises the development of workforce skills – ‘particularly the 
basic skills of some adults’ (DfES n.d.). Our analysis empirically investigates 
whether the two goals are compatible.

Our study provides the only investigation of the training effects of minimum 
wages in Britain. Moreover, it utilises important new data from the British 
Household Panel Survey (BHPS) – on both training and whether or not 
individuals’ wages were increased to comply with the NMW – facilitating 
a comparison of training evolution across various groups. We use individuals’ 
responses as to whether or not they were affected by the NMW to identify 
groups ‘affected’ and ‘not affected’. We compare these results to those derived 
using an alternative definition based on hourly wages. Our methodology 
is similar to that of Stewart (2004), who uses the BHPS to analyse the 
employment effect for low-wage workers of the NMW.

Empirical framework
We estimate the mean impact of the NMW on training for those affected 
by this policy intervention using the difference-in-differences estimator in 
the context of a linear probability model (LPM).

Let Tit = 1 if individual i received any training (to increase or improve 
skills in the current job during the past 12 months) in period t and zero 
otherwise. Then:

(1) ∆Tit = ∆Xit β + α + γAi + ∆εit

where Ai = 1 if individual i is in the affected group and zero otherwise; Xit 
is a vector of individual and job characteristics influencing the outcome 
variable; and  is our parameter of interest. Differences in training experiences 
common across individuals due to, say, business cycle effects, are captured 
by α. The equation implicitly allows for individual-specific unobservable 
effects that may be correlated with some of the regressors. ∆εit is allowed to 
have an arbitrary heteroscedastic covariance matrix in the LPM estimation. 
We stress that all our analyses are conditional on employment.1

1	  Stewart (2004), using the BHPS, finds no statistically significant evidence of employment effects of 
the NMW. It should be emphasised that our estimated model accounts for selection biases arising from 
correlation with unobserved individual-specific characteristics.
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The data
Our data are from waves 8 to 10 of the BHPS. The pre-NMW data are from 
wave 8, and the post-NMW data are from wave 10, conducted in 1998 and 
2000, respectively.2

The BHPS is a nationally representative panel survey of private households 
in Britain. From wave 8, a new format was introduced for work-related 
training. The new questions cover up to three training events since 
September of the previous year, and provide information on where training 
occurred, how it was financed, its duration and if it led to qualifications. 
Our sample of individuals was interviewed in wave 8 between August 1998 
and March 1999 about training received since 1 September 1997. In wave 
10, they were interviewed between September 2000 and May 2001 about 
training experienced since 1 September 1999. Reported training, therefore, 
falls unambiguously before and after the introduction of the NMW. We do 
not use training data from wave 9 since we cannot determine if reported 
training occurred before or after the NMW was introduced.

The NMW was introduced at three levels: a main rate of £3.60 per hour, 
a youth rate of £3.00 for 18–21-year-olds and a special development rate of 
£3.20 for workers over 21 years old undertaking specific types of approved 
training. The existence of the development rate potentially distorts the 
training decision since employers can pay a lower wage in return for 
providing training. Although we are unable to identify explicitly individuals 
covered by this provision, in principle, we can identify them indirectly by 
using a reported hourly wage measure, which was introduced to the BHPS 
in wave 9 (for hourly paid employees only). We found no such cases.

Our analysis covers employees aged between 18 and 60 years in wave 8, who 
are not in the army, farming or fisheries, and with valid training information. 
Individuals reporting over 100 working hours per week (hours are used 
to derive hourly wages) were dropped. Where there were many missing 
observations on control variables, we created dummy variables indicating 

2	  We use the data from 1998 onwards because major changes to the training questions were introduced 
in 1998. See Booth and Bryan (2005) for a discussion about the differences in the questionnaires and 
training responses before and after this change. Bryan (2002) analysed training changes over 1995–7, when 
no minimum wage was in place, finding no significant differential effect for workers who would have been 
covered by the minimum wage. The government introducing the NMW came to power in May 1997, 
so one might have expected to see any ‘announcement effect’ reflected in reported training in 1997.
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their status to maintain reasonable sample sizes. Individuals must satisfy the 
selection criteria in at least waves 8 and 10. For one of the treatment control 
groups discussed below, they must also be present in wave 9.

The outcome variables and the treatment/
control groups
We use two outcome variables: changes in training incidence ∆Tit and 
training intensity: ∆T*it. These are identical unless training incidence 
is positive in both periods: then ∆T*it = 1 if intensity increases, ∆T*it = −1 if 
intensity decreases and ∆T*it = 0, if intensity remains the same.

We define two alternative treatment and control groups, summarised in 
Table 6.1. Treatment group 1 contains individuals whose derived hourly 
wage was below the NMW for their age in wave 8. These individuals’ wages 
should have been raised to the NMW in April 1999 (assuming their derived 
wages are free of measurement error and would not have increased in real 
terms between waves 8 and 9). Control group 1 comprises individuals 
earning between the NMW and 15 per cent more than the NMW in 
wave 8. To investigate spillover effects, we include the group of individuals 
(‘high-wage’) from the rest of the wage distribution above 115 per cent 
minimum wage in 1998.

Individuals replying positively to the new question, ‘Has your pay or hourly 
rate in your current job been increased to bring you up to the national 
minimum wage (NMW) or has it remained the same?’ were categorised 
as belonging to Treatment group 2. Since this question was only asked of 
individuals who did not change jobs between 1st April 1999 and the date 
of interview (from August 1998 to March 1999), this definition will exclude 
some workers who were subject to the NMW in a new job.3

3	  The treatment group will therefore tend to over-represent job stayers. However, insofar as 
individuals remain in their jobs because of characteristics, which are constant over time, the differencing 
estimator will eliminate potential selection bias. 
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However, the question provides a treatment group that is arguably less prone 
to measurement error than the derived wage used for Treatment group 1. 
Our Control group 2 is corresponding individuals who were job stayers and 
who answered no to the above question. Since the question was only asked 
in wave 9, this selection requires individuals to be present in all three waves 
(8, 9 and 10). The sample size is therefore smaller than for Treatment group 
1. Since the definition is based entirely on a question that does not use the 
wage information, we do not include any other groups in this specification.

Table 6.1 reports the mean training for the pre- and post-NMW periods. 
Training incidence typically increased in all groups, with a particularly 
marked proportionate increase in the treatment groups. For example, 
incidence in Treatment group 2 increased from 0.10 in wave 8 to 0.17 in 
wave 10; in Control group 2, incidence went from 0.28 to 0.30. Despite 
the increases, training is much less prevalent among workers earning close 
to the minimum wage than in the higher-paid groups.

The pattern is less clear when we consider (unconditional) training intensity. 
In Treatment group 1, mean intensity rose from 2.6 days in wave 8 to 4.8 days 
in wave 10. In Control group 1, intensity fell sharply from 6.5 days to 
2.8 days. An increase over the period, from 2.3 days to 6.5 days, is observed 
in Treatment group 2. In the two groups of higher-paid workers (‘High-
wage’ group 1 and Control group 2), intensity, like incidence, is quite stable 
at around 5 days a year. The volatility in the smaller groups is possibly 
caused by their sizes or by the noisiness of training intensity. If so, incidence 
change ∆T may be the preferred dependent variable. In the next section, 
we present results for both ∆T and ∆T* and highlight the differences in the 
model estimates.
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Results
Table 6.2: The effect of the NMW on training

Raw differences-in-differences Regression-adjusted

ΔT ΔT* ΔT ΔT*

Treatment/
control group

Treatment/
control group

Treatment/
control group

Treatment/
control group

1 2 1 2 1 2 1 2

[1] [2] [3] [4] [5] [6] [7] [8]

Treatment 
group

0.0901 
(1.98)**

.0503 
(1.18)

0.1004 
(1.97)**

0.1046 
(2.19)**

0.0785 
(1.72)*

.0422 
(1.00)

.0876 
(1.71)*

0.0984 
(2.02)**

High-wage 
group

0.0343 
(0.98)

–  0.0187 
(0.47)

– 0.0392 
(1.12)

– .0242 
(0.61)

–

Intercept −0.0090 
(0.27)

.0204 
(1.83)*

−0.0000 
(0.00)†

0.0166 
(1.24)

−0.0706 
(1.41)

−0.0418 
(0.94)

−0.0790 
(1.36)

−0.0663 
(1.26)

Observations 3,257 2,504 3,257 2,504 3,257 2,504 3,257 2,504

Notes: Absolute robust t-statistics in parentheses; * significant at 10%; ** significant at 
5%; Regression-adjusted estimates have the following first-differences controls: age-
squared, part-time status, whether the job is fixed-term or temporary, whether the worker 
changed employers, marital status, union coverage, sector, firm size, 1-digit industry, 
local unemployment rate, and dummies for missing values; Table 6.1 defines dependent 
variables ΔT and ΔT*; † The estimated standard error for this coefficient is 0.04.

The raw difference-in-differences estimates of [1] with no additional controls 
are reported in Table 6.2, columns [1]–[4]. Columns [1] and [2] show the 
results for ∆T (incidence-changes), and columns [3]–[4] the results for ∆T* 
(intensity-changes). Column [1] indicates that the training probability in 
Treatment group 1 increased by about 9 percentage points more than it did 
in the control group. This increase is statistically significant at the 5 per cent 
level. The training probability also increased in the high-wage group relative 
to the control group, but the coefficient is not statistically significant. This 
suggests no spillover effect of the NMW into this group. From column [2], 
where we use treatment and control groups 2, we see that, although training 
incidence increased more in the treatment group (by 5 percentage points) 
than in the control group, the estimate of the effect of the NMW on the 
training probability is not statistically significant at conventional levels. 
In this equation, however, the constant, capturing the trend increase in 
incidence, is significant at 10 per cent. The differences between columns [1] 
and [2] may be because Control group 1 comprises workers just above the 
NMW, whereas Control group 2 contains higher-paid workers as well.
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However, the results in columns [3] and [4] show that a similar result is 
obtained when information on changes in intensity is incorporated into 
the definition of training. More specifically, affected workers appear to be 
10 percentage points more likely to experience an increase in training than 
workers in the control group. The increases are statistically significant. These 
results suggest that the NMW may have resulted in increased training.4

Columns [5]–[8] of Table 6.2 show the regression-adjusted difference-
in-differences estimates of equation (1) incorporating individual and job 
characteristics. We exclude potentially endogenous variables like tenure 
and occupation. Insofar as the additional variables change significantly 
over time, they help control for individual differences in training growth. 
Regression-adjusted estimates of the treatment effect are slightly lower than 
the estimates in columns [1]–[4]. Thus, for Treatment group 1, the NMW 
increases the training probability by 8.0 percentage points ceteris paribus, 
significant at the 10 per cent level. The training probability in the high-
wage group increases by 4.0 percentage points, but this is not significant at 
conventional levels. Both figures are relative to the base of control group 1. 
When the dependent variable is redefined to incorporate the information 
on intensity, the estimate, shown in column [7], is slightly higher at 
8.8 percentage points.

In the specifications comparing Treatment group 2 with Control 
group 2 (columns [6] and [8]), the estimates are again similar to those 
without additional control variables (columns [2] and [4]). The NMW 
does not appear to significantly affect the training incidence probability 
(the coefficient is positive), while it significantly increases intensity by 
9.8 percentage points.

Overall, we interpret these results as providing support for the hypothesis 
that the NMW increased work-related training against the null hypothesis of 
no effect.5

4	  We model the sign of changes in training intensity rather than the magnitude, since this relates 
directly to relevant theory. Modelling the exact change in training intensity would require us to address 
the issue that a change from eight to 10 days is not necessarily the same as a change from four to two 
days or even a change from two to zero days. Such analysis is beyond the scope of our current study.
5	  In companion papers, we describe extensions of the analysis (Bryan 2002; Arulampalam et al. 
2003). These alternative models (that also investigate the sensitivity of our estimates to changes in the 
definitions of Treatment group 1 and its control group) produced similar results to those reported here 
and our conclusions are unchanged.



119

6. WORK-RELATED TRAINING AND THE MINIMUM WAGE

Conclusions
We estimated the impact of the new NMW on the work-related training 
of low-wage workers using two ‘treatment groups’. These were workers 
whose wages derived in 1998 were below the minimum, and those workers 
explicitly stated they were affected by the new minimum. Using difference-
in-differences techniques and information on training incidence and 
intensity, we found no evidence that the minimum wage introduction 
reduced the training of affected workers and some evidence that it 
increased it. In particular, we found that the training probability increased 
by 8 to 11 percentage points for affected workers. Our findings provide 
little evidence supporting the human capital model as it applies to training 
and weak evidence of new theories based on imperfectly competitive labour 
markets. Finally, our estimates suggest that two of the UK Government’s 
goals – improving wages of the low-paid and developing their skills – have 
been compatible, at least for the introductory rates of the minimum wage.
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