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ABSTRACT

Human Capital Spill-Overs Within the Workplace

An individual’'s human capital has a strong influence on earnings. Yet individual, worker-level
estimations of earnings rarely include the characteristics of co-workers or detailed firm-level
controls. In this paper, we use a unigue matched worker—workplace dataset to estimate the
effect on own earnings of co-workers’ education. Our results, using the 1998 UK Workplace
Employee Relations Survey, show significant effects. Own earnings premia fall slightly, but
there is an independent, significantly positive effect from average workplace education. We
also test for interactions between own and co-worker education levels. However, these
interactions appear negative: education is valued less highly at workplaces where education
levels are already high. This result runs counter to our theoretical prediction.
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1. Introduction

The educaion earnings rdationship is one of the mog intensvely tested in &onomics
(Lazear, 2000) and there is substantia evidence that an individuad workers productivity and
wages depend in large part on their human capitd. There is ds0 a Szegble literature on
socid externdities from education, i.e. spillover benefits from educated individuasto others
(Wolfe and Zuvekas, 2000). However, there is surprisingly little evidence on whether these
oillover effects obtain within the workplace, and what effect these might have on own
earnings. In particular, there is no clear indication as to whether educated co-workersraise
or lower own earnings.

There are a number of potentia avenues through which co-workers human capita
will influence own wages. 1dson and Kahane (2000) refer to a team dynamic, but equdly
grong effects may emerge from information-sharing, from skill complementarity and from
traning by co-workers (Barron et d., 1997), or from more ‘rationa’ behaviour (Behrman
and Stacey, 1997). It seems likely that co-workers will trade these human capitd Kills, to
mutudly raise productivity. However, there are two potentid reasons as to why co-
workers human capital need not be complementary to own human capitd.  Firs, if co-
workers have different amounts of human capitd, then there may be a * skills incompatibility’
(Kremer, 1993): afirm with a uniform standard of education may have higher productivity.
Second, if workers are in competition with each other for high-paying jobs within the firm,

they may engage in activities to undermine ther competitors and promote themselves



(Winter-Ebmer and Zweimuller, 1997). * Thus, both the amounts and the distribution
of workplace human cepitd are likely to influence earnings, and the directions of these
influences can only be assessed empiricaly.

This paper tests these human capitd interactions directly, using random samples of
workers from UK workplaces. The paper is structured as follows. In Section 2, the
possible externdities from co-worker human capital are discussed, dong with the pertinent
(but mainly indirect) evidence; this discussion dlows for formulation of testable hypotheses
about the effects on earnings. In Section 3 we describe the dataset used: the UK
Workplace Employee Rdations Survey (1998). In Section 4, the effects of workplace

education on own earnings are tested. 1n Section 5, asummary and conclusion is offered.

2. Theory and Evidence on Human Capital Spillovers

2.1  Returnsto Human Capital Within the Workplace

The literature on the earnings premia from education is vast (see recent reviews by
Ashenfelter et d., 2000; Ashenfdter and Rouse, 2000; Cohn and Addison, 2000).
Broadly, this cross-sectiond, correlaiond literature indicates that in Western economies the
wage premium for each additiond year of education is gpproximately 5-10% (for the UK,
see Blunddl et d., 2000). Moreover, this premium is not substantidly atered when the
endogenous decision to become educated is moddled (eg., from twins studies or natura

experiments, Miller et d., 1997; Harmon and Walker, 1995). The impact of own education

! Negative effects may also arise if a sizeable proportion of the workforce has more education than is required for
their job: they are over-educated (Oosterbeek, 2000). It is well documented that overeducation generates a wage

penalty relative to being fully matched.



on own productivity and earnings is strong and robust. In addition, workers
productivity may aso depend on the education of co-workers within the firm. Workers do
not always work autonomoudy. Many tasks require group work, with skills diffused through
teams and across the workplace; and organisationa cultures (e.g. those associated with
high-performance management) may depend on the average workforce skill leve.
Furthermore, firms may ddiberady cultivate a team dynamic, with information-sharing, co-
training, monitoring, and support so as to exploit these spillovers.  Idson (1995), for
example, looks a how earnings are corrdated with production in teams, as wdl as with
behaviourd traits such as team Sze, encouragement and helpfulness.

The notion of human capitd spillovers gains support from the subgtantia literature on
the societal externdities from education (Wolfe and Zuvekas, 2000; Taylor, 2000). In fact,
enterprises may even be able to generate more externdities than exist in societies, insofar as
they can enforce tighter contracts acrossworkers.  The possibility of postive spilloversis at
leest indirectly suggested by evidence such as the pogtive cudering of high-skilled
professonds with high-skilled nonprofessonds in the US (Bronars and Famulari, 1997),
the posgitive earnings effect from increasing proportions of skilled workersin afirm (Troske,
1999), and from sports performances, where team dynamics clearly occur (Idson and
Kahane, 2000).> As well, there is a positive correation between dl individuas earnings
and the average education leve of aregion (Rauch, 1993), and a ‘brain drain’ of educated

workers to areas where there are other educated workers (Borjas et d., 1992).° Human

2 Macro-economic models and endogenous growth models draw on the notion of ‘production
externalities’, with economic growth boosted through more efficient social capital investments
(McMahon, 2000; Romer, 1994).

% In an unpublished study, Barth (2000) directly tests the effects on co-worker earnings using two types
of matched employer—employee data from Norway: an independent effect on own pay from the average
level of education within an establishment ranges from 1% to 4% per year of average education. In



capitd spillover effects may therefore exist: working with others who have high
education levels may independently raise own earnings (and this may explain some of the
observed firm-level heterogeneity in earnings, see Bayard and Troske, 1999; Abowd et d.,
1999).

However, own earnings may be affected by the disperson of human capitd within
the workplace. This line of argument may run counter to the notion of externdities. In
Kremer's (1993) oring theory, for example, the productivity of high-skilled workers is
increadng in the kill levels of co-workers. The o-ring theory predicts that an important
determinant of factor payments is the compatibility of andards. where workers are of a
‘compatible standard’, they will earn more. Perhaps training programs are easer to
implement (Barron et a., 1997; van Smoorenberg and van der Velden, 2000), or there are
fewer co-ordination falures in standardised workplaces. In this theory, an increase in
education levels within the workplace may not rase earningsif it dso serves to widen the
disperson of education levels, but earnings will be raised where high-skilled workers cluster
together.

More generdly, there is a Szedble literature that indicates that many workers do not
have the optima amount of education for their jobs (see the review in Oosterbeek, 2000).
For the UK, over-education is sgnificant and subgtantive, years of surplus education only
weekly affect individud earnings, and they negatively affect job satisfaction (Baitu et d.,
1999; Dalton and Vignoles, 2000). The point is that if workers have accumulated more
education than is optimd, any externdities may be subverted: for an individua worker, over-

education may mean reduced productivity, earnings and job satisfaction, while at the same

contrast, Groshen (1991) finds that education levels very weakly reduce establishment wage



time that worker may distract or demoraise other workers. Monitoring cogts for the
firm may be pushed up, to avoid workers who adroitly perform the set tasks distracting co-
workers.*  So dthough co-workers years of education may boost earnings, if these are
surplus years of education they may impair own earnings.”

A third reason to doubt a pogtive effect from co-worker human capitd is the
posshility of intra-firm job tournaments. Where workers with equivdent skills compete for
promoations, they may sabotage each other, and so reduce productivity overdl. Finaly,
spillover effects may not be appropriated by workers, but instead by managers in terms of
higher profits. Although possble, this last effect seems unlikdy snce highly educated
workers would probably be the most effective a bargaining for higher shares of the
workplace surplus.

There are plausble arguments on both sdes, regarding the complementarity of
human capitd within aworkplace. Ultimately, the net effect can only be decided empirically.
In addition, such empiricd research may have implications for assessing the benefits of
education. If human cepitd soillover effects are important, and there is clugtering of
education levels within workplaces, this may influence how the earnings premium to
education is interpreted. The earnings premium is typicaly attributed to human capitd and
not to labor market sorting, i.e. where workers are hired according to their credentias (see

the discusson by Befidd, 2000). Ye, pat of this premium may be a consequence of

differentials.

* Yet, across the workplace, over-education may be minimal: either the employee mix could be adjusted
so that over-educated and under-educated workers compensate for each other, or physical capital
intensities may be varied. However, over-educated workers may guide or assist co-workers who only
have the required education and it may be under-educated workers who are less competent, need
greater monitoring or require more co-worker support (Tsang et al., 1993).

® Tsang (1987), with data from the Bell Company, finds over-education reduces firm output via a
negative effect on job satisfaction. Other indirect evidence of the effect of the human capital mix on firm



educated workers being hired to workplaces where the average education leve is high.
These workers then ‘share’ their human capital and so have higher earnings. Education ill
enhances productivity and so earnings, but part of that enhancement comes from education’s
role in securing for a given worker a job which dlows for interaction with other skilled

workers.

2.2  Modd Secification

The above arguments can be moddled formdly. An agppropriate specification of the
relationship between own earnings and co-worker attributes is lad out by Idson and
Kahane (2000):

Iny;j =&+ a8+ agh + a@*E + a5z + aZ + Vi + U @

In equation (1), own individud earningsy;; are determined by: the education g; of individud i
at workplace j; the educetion levels of co-workers E;j; and the interaction between these
two education levels. A vector of worker and workplace controls z; and Z; are also
included (vi~N(0, s;) and u~N(O, s;) areiid workplace and individua error terms). Under
this specification, an additiona year of an individua worker's own education affects their
eaningsby a, + asEj. The coefficient & captures the direct effect of years of education,
and the coefficient g captures the effect of average co-worker education on how own
education is vaued. An additiond cross-workplace increase in education of one year will
increase own earnings by & + asgj. Co-worker education will impact directly through the

coefficient estimated as &, and indirectly through the interaction coefficient a,, Here, if ag is

performance includes the negative effect of proportions of unskilled or manual workers (Machin and



non-zero, then its omission (or that of a) serves to bias upwards &, the standard
measure of the education premium. The expectation is that & and & will be postive,
athough only limited evidence is so far avalable on each of these coefficients. Where azis
positive, own earnings are pogtively related to co-workers education; where a4 is positive,
increased years of co-worker education raise wages for those with high educeation levels.
The dgn of coefficient g, offers one test of Kremer’s hypothesis about compatible
sandards of inputs, but further tests are dso possble. One smple test is to include the
absolute mean dispersion of education levels E; on the right hand side of equetion (1). To
capture non linear effects we can aso include the square of workplace human capita Ej%,
Both these tests are included below.
In summary, the following hypotheses are offered. Fird, own education raises
earnings. Second, workplace education levels raise own earnings. Third, the dispersion of
workplace education levels lowers earnings. It is possble to test these hypotheses using

matched worker-workplace data.

3. Data and Measures

To test these hypotheses, the dataset used is the Workplace Employee Relations Survey
(WERYS), collected in 1998 (DTI, 1999). The WERS is a nationd sample of interviews
with managers from 2,191 UK establishments with a least ten workers. The firm-levd

survey addresses the ‘management of employees, with information on workforce

Stewart, 1996; McNabb and Whitfield, 1998; Addison and Belfield, 2000).



composition and workplace performance (see Cully et d., 2000). In addtion, 25
employees a each workplace were randomly sdected for individud survey. This survey
asked questions about individuds education, pay and job satisfaction, as well as arange of
persond characterigics. The information set is therefore rich, with detailed information on
multiple workers per workplaces. For estimation, the sample here is redtricted to full-time
workers and to workplaces where more than three workers responded to the worker
survey. Thisyiddsinformation on 18,304 workers across 1,389 workplaces.

The derivation of the key variables is briefly described here a full derivaion is
reported in Appendix Table 1, dong with a catalogue of substitute derivations of the key
varidbles. The amplest way to estimate these relationships is to use years of education as
the unit of account. First, each workers years of education were caculated, to obtain e;
these cdculations were based on qudifications, and so full sengtivity anadyss is conducted
below. Second, workplace educetion levels E; were derived usng both worker and
workplace data. Based on the full worker sample, mean years of education per occupation
are cdculated. This mean can then be weighted for each workplace, usng information on
the occupationa mix of the entire workforce at each workplace. (Two dternative measures
of mean workplace education are available, and these are utilized in the sengtivity testing).
Third, the dispersion of workplace education levels E; is dso caculated: this dispersion
measure is the average of absolute differences between own education and mean workplace
education. Fourth, pay levels y; are taken from sdf-reports across 12 wage bands, and
converted into earnings per hour using the reports of hours worked. Median pay across the
workplace Y; is dso available; this varidble is based on the distribution of pay across the

workforce, as reported by the manager.



Badic frequencies for the key variables are reported in Table 1 (with full
frequencies for the other variables detailed in Appendix Table 2). The average years of
education per mde (femae) worker are 13.67 (13.76). Mean education levels per
workplace are 13.45 (s.d., 1.20), so the sample of respondents has dightly more education
than the average of their workplace. The disperson of education across a workplace is
2.21 (sd., 0.64). For the dependent variables, log pay per hour per individud worker is
1.94; and log median earnings per workplace are 9.55.

Such matched worker—workplace data is ided for testing the hypotheses listed
above. There are detalled controls for each worker, workplace information from two
sources (the manager and the worker respondents), and full information on educeation, pay,
and job satisfaction.  This dlows for numerous sengtivity tests and cross-vdidation of the
results. One potentid cavedt is that this analyss relates to workplaces rather than teams:
co-worker, in this sense, refers to those in the same workplace, rather than those doing the
same tasks or teamworking. (No ability controls are available, ather). Neverthdess, the
random sample of workers and the detailed information on both workers and workplaces —

essentid for investigating these arguments — is unique for the UK economy.

4. Estimation and Results

4.1  The Effects of Workplace Education on Own Earnings
The man hypothess is whether earnings are increasing in the education levels of co-

workers. Table 2 reports a series of Mincerian earnings equations, estimated with both own



and co-worker levels of education against log pay per hour. As per equation (1),
which includes error terms for workplaces and individuds, Random Effects Generdized
Least Squares is used.® Modd [1] includes individua characterigtics z only (detailed in the
notes to Table 2); it shows the earnings premium for an additiond year of education is 6.0%
(6.4%) for mdes (femdes). Approximatdy 40% of the variation in earnings is explained,
and the fraction of the variance éttributable to the workplace error term 2, is 0.3710
(0.3496). By introducing firm-level characteristics Z as per Modd [2], the premium to
education fdls dightly, with an increase in the explained variation to 47% (46%); and the
workplace error term variance fals, so 7, is now 0.2833 (0.2437).

Modd [3] includes the average years of education across the workplace E; as an
additiond firm-level varidble. This variadle is datidicaly sgnificant and has a substantive
effect on own earnings. an across-the-workplace increase in education of 1.2 years (one
standard deviation) raises own earnings by 13.0% (8.9%). The premium to own education
is reduced, adthough again not subgtantialy. The strength of the coefficient (a;>0) suggests
that own and co-worker education gppear to be strongly complementary. In substantive
terms, it is important to note that an increase of one standard deviation must be gpplied
across dl the workforce, and the average workforce size is 45. Based on the premium to
education, for an enterprise which raises workplace education levels by one standard
deviation then the totd wage bill would be gpproximatdy 7% higher.

Modd [4] is the full estimation specified as equation (1), to include the interaction

between own and co-worker years of education (ldson and Kahane, 2000). This

® Random effects GLS is a less biased estimator than OLS, because the data are grouped across
workplaces (Moulton, 1987). A Hausman test easily rejects the use of OLS (?°=99.88). Using OLS, the
coefficient on g; for Model [1] is0.0785 (0.0732) for males (females).

10



interaction term has a negative Sgn for maes and is datisticaly sgnificant a 1% leve
(no effect isidentifiable for females). Own education gppears to be rewarded at ardatively
lower rate in firms where education levels are dready high. This result (a,<0) runsdirectly
counter to the predictions of Idson and Kahane (2000) and Kremer (1993). However,
these relationships can be tested further.

The effect of the spread of human capitd is reported in Table 3. Two tests are
applied. Firdt, a direct measure of dispersion E; is included in Modd [4] in place of the
interaction term. The upper pand of Table 3 shows that, adjusting for overal workforce
humaen capitd, greater dispersion of education across the workplace is associated with
higher own earnings. a one sandard deviation increase in disperson raises own earnings by
2.3% (3.3%). Second, the square of workplace years of education is reported in the
bottom panel of Table 3. The coefficients on workplace education are postive, but for its
square they are negative: workplace education boosts own earnings, but a a declining rate.
Both these tests suggest againg the hypothess of increasing returns to kill in standardised
workplaces.

Findly here, the effects are tested across union and non-union workers. Thissplitis
interesting, because the results could go ether way. Unions may facilitate the sharing of
skills across workers, who then collectively bargan over pay. With fadlitation, the
probability of invidious competition between workers would be lower and so cross
workplace spillovers of human capita should be stronger. Y, if unions instead demarcate
skills and apportion tasks, this would reduce the opportunities for human capitd spillovers.
Models[3] and [4] are reported in Table 4. These estimations show that both the returns to

own education and to co-worker education are lower amongst union members. Moreover,
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the interaction term g;*E; is strongly significant and negative for mae non-union
workers, but not for union workers (yet, for femae non-union workers it is postive; for
union workers it is negative). These results suggest that unions — by reducing the returns to

education — play ademarcationd role, rather than a skill-sharing one.

4.2  The Effects of Workplace Education on Own Earnings. Sensitivity Tests

A series of tests for the robustness of the resultsin Table 2 were undertaken. The sengtivity
tests were grouped in three categories. (i) redtrictions on the sample for estimation; (ii)
respecification of the data; and (iii) use of aternative derivations of e, E; and y;;.

Table 5 reports estimations of Models [3] and [4], but with sample redtrictions
applied. The sample is restricted to those workplaces where it might plausibly be expected
that human capita spillovers would be the strongest, i.e. those workplaces where there is
high team-working and or where the technology is labor-intensive.” Reducing the ssmple
inflates the standard errors, and this generates some senditivity across the results. Firdt, the
sample is redtricted to firms where at least 60% of workers are reported to work in teams,
on the assumption that human capitd spillovers will be strongest in workplaces where team+
working is prevdent. Pand 1 of Table 5 shows that the coefficient for E; remains setisticaly
sgnificant, as does the interaction term e* E; for male workers. Second, the sample is only
of workers in labor intensve firms, i.e. where labor accounts for more than 75% of
operating cods. In pand 2 of Table 5, average years of education remain sgnificant, but

here the interaction term fdls to inggnificance.

" Smdll firms may aso rely more on human capital spillovers. When only firms of less than 40 workers
areincluded, however, the interaction terms are all insignificant.

12



As a second set of checks, a series of further specification tests were
undertaken. These tests included: OLS estimation for each specification; incluson of
occupationd dummy variables for each individud; pooling the genders, and gpplication of
the survey weights for the data. In most cases, the results were unaffected; in some cases,
the negative effect was strengthened and in only ingtance (mde union sample, occupationd
dummies included) was a podtive and daidicaly sgnificant coefficient obtained for the
interactionterm * E;.

The third st of sensitivity teds rdated to dternative derivations of the key
dependent and independent varigbles e, E; and ;. First, workplace education levels E;
were re-caculated using occupationa averages from the 1998 UK Labour Force Survey
and using the actud average of the workers' responses. These are described as E2; and
E3; in the Appendix. Second, the disperson messure was caculated usng squared
dispersons rather than absolute dispersons (see Appendix Table 1). Findly, intervad
regresson was applied to the log of annua earnings values y2;;, instead of log pay per hour

y;.® Acrossthis set of tests, the coefficients represented in Tables 2-5 were unaffected.

4.3  The Effects of Workplace Education on Median Wor kplace Wages

A find rdevant esimation is available usng the WERS. This draws on the workplace level
reports of the log median wage across each firm Y (see the Appendix for caculaion). As
with earlier estimations of Model [3], column 1 of Table 6 shows the strongly postive effect

of the average education level on the median wage of the establishment. Increesing the

® The interval regression yielded no differences in the results, compared to those reported in the main
text. Hourly pay is used here, as a better measure of productivity, than the annual pay intervals. Hourly
pay is not fully in intervals, because individuals reported the exact number of hours worked; so interval

13



average workforce education by 1.2 years, this raises the median workplace wage by
15.6%, smilar to the etimate of 13.0-8.9% reported in Table 2, given that the latter
controls directly for own education. Column 2 shows the effect of the disperson of
education: a one standard deviation increase in digperson raises median earnings by 1.4%.
Again, these results are not sendtive to the weighting procedure or more parsmonious

moddling.

5. Conclusion

For the fird time usng British data this paper investigates the posshbility that there are
spillover effects of education within the workplace. Spillover effects are found to postively
influence own earnings, and these effects are largely independent of the effect from own
education. However, the hypothess that co-worker education is most beneficid when it is
accompanied by a uniform standard of education (the o-ring theory) was dso tested. One
prediction — that the benefits of education are increasing in own education levels —is
rgected usng three separate tests. Although the significance of this result is not consstently
maintained during sengitivity anaydss, there is no evidence to support the hypothess.

The man reault is nonethdess particularly important: workplace education levels
have a srong effect on own earnings, only dightly reducing the premium to own education.
It does appear, however, that the earlier human capita literature may have underplayed the

externd effects of education on economic outcomes, particularly for workers themselves. |If

regression is not strictly appropriate for the estimations reported here. Details are available from the
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education sorts workers into high productivity firms, this is gill a ‘benefit’ from
education — whether it is clearly a human capitd benefit remains to be identified. Moreover,
we find that own education is relatively less well-rewarded in workplaces which aready
have high education levels. This result conflicts with our expectations, and perhaps indicates

stronger competitive pressures amongst educated co-workers.

authors.
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Table 1
Frequencies. Education and Outcome Variables

Education and Outcome Variables Code M ean Standard
deviation

Education Variables:

Years of education per worker: male €ijm 13.67 3.05
Y ears of education per worker: female &ijt 13.76 2.96
Y ears of education per workplace E 13.45 1.20
Interaction own-workplace education &i*g 185.96 51.26
Dispersion of education per workplace E; 221 0.64

Earnings Variables:

Log pay per hour Yii 194 047
L og median wage per workplace® Y 9.55 0.32
Number of workers Ni 18304
Number of workplaces N; 1389

Unweighted data. See Appendix Table 1 for definitions of variables, and for dternative
derivations. N;=870.
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Table 2
L og Pay Per Hour

Individual and Mean Workplace Education Levels
(GL S Random Effects)

MALE FEMALE

Coeff. (SE.) Coeff. (SE.)
Model [1] @
Firm-level characteristics No No
Own years of education g; 0.0600(0.0012) *** 0.0640 (0.0014) ***
2 0.3710 0.3496
R’ total 0.3919 0.3662
Model [2] @
Firm-level characteristics Yes® Yes®
Own years of education g; 0.0592(0.0012) *** 0.0635 (0.0014) ***
2 0.2833 0.2437
R’ total 0.4667 0.4592
Model [3] &
Firm-level characteristics Yes® Yes®
Own years of education g; 0.0561(0.0012) *** 0.0614 (0.0014) ***
Mean workplace years of education E; 0.1084 (0.0067) *** 0.0740 (0.0063) ***
2 0.2543 0.2246
R? total 0.5032 0.4787
Model [4] @
Firm-level characteristics Yes® Yes®
Own years of education g; 0.0983(0.0135) *** 0.0523 (0.0158) ***
Mean workplace years of education E; 0.1530(0.0158) *** 0.0651 (0.0167) ***
Interaction e;* -0.0031 (0.001Q) *** 0.0007 (0.0011)
? 0.2517 0.2232
R? total 0.5045 04784
N; [Ni] 1389[10578] 1380 [7726]

Unweighted data. Significance: *** 1% level; **5% level; * 10% level. Only full-time workers.

2= (5)(s) )]

% Included set of individual daracteristics: tenure; tenure squared; age; age squared; ethnicity (1
dummy); disability (1); marital status (3); union member; temporary, fixed term or overtime worker (3).

® Included set of firmlevel characteristics are: industry sector (8); employment size; employment size
squared; ratio part-time workers; share-ownership scheme (1); profit-related pay (1); workplace older
than 20 years (1); labour proportions of operating costs (3); injury rate; and teamwork (1).
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Table3
L og Pay Per Hour
Individual and Dispersion of Workplace Education Levels
(GL S Random Effects)

MALE FEMALE
Coeff. (SE.) Coeff. (SE.)
Model [3] @
Firmlevel characteristics Yes® Yes®
Own years of education g; 0.0558 (0.0012) *** 0.0609 (0.0014) ***
Mean workplace years of education E; 0.0956 (0.0075) *** 0.0609 (0.0069) ***
Dispersion: workplace years of 0.0359 (0.0120) *** 0.0516 (0.0110) ***
education E;
2 0.2540 0.2224
R? total 0.5043 0.4826
Model [3] @
Firm-level characteristics Yes® Yes®
Own years of education g; 0.0558 (0.0012) *** 0.0610 (0.0014) ***
Mean workplace years of education E; 0.8223(0.1113) *** 0.7487 (0.1079) ***
Squared term: E;° -0.0258 (0.0040) *** -0.0242 (0.0039) ***
2 0.2450 0.2198
R? total 0.5090 0.4857
N; [N] 1389[10578] 1380
[7726]

Unweighted data. Significance: ***1% level; **5% level; * 10% level. Only full-time workers.

2= )5 +(s)]

% Included set of individual characteristics: tenure; tenure squared; age; age squared; ethnicity (1
dummy); disability (1); marital status (3); union member; temporary, fixed term or overtime worker (3).

® Included set of firmlevel characteristics are: industry sector (8); employment size; employment size
squared; ratio part-time workers; share-ownership scheme (1); profit-related pay (1); workplace older
than 20 years (1); labour proportions of operating costs (3); injury rate; and teamwork (1).
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Table4

L og Pay Per Hour

Mean Workplace Education Levelsfor Union and Non-union Worker Sample
(GL S Random Effects)

MALE FEMALE
Coeff. (SE.) Coeff. (SE.)

Only union members:
Y ears of education g; 0.0516 (0.0017) *** 0.0622(0.0021) ***
Mean workplace years of education E; 0.0975 (0.0087) *** 0.0551 (0.0088) ***
2 0.3095 0.2668
R? total 0.4646 0.4485
Y ears of education g; 0.0288 (0.0181) 0.1135(0.0244) ***
Mean workplace years of education E; 0.0738(0.0207) *** 0.1053 (0.0253) ***
Interaction e;* E; 0.0017 (0.0013) -0.0036 (0.0017) **
2 0.3079 0.2610
R? total 0.4638 0.4510
N; [Ni] 908 [4888] 809 [3032]
Non-union members:
Y ears of education g; 0.0591 (0.0018) *** 0.0590 (0.0018) ***
Mean workplace years of education E; 0.1120(0.0084) *** 0.0789 (0.0078) ***
2 0.2283 0.2514
R’ total 0.5365 0.4722
Y ears of education g; 0.1515(0.0198) *** 0.0135(0.0213)
Mean workplace years of education E; 0.2113(0.0228) *** 0.0342 (0.0223)
Interaction e;* E; -0.0069 (0.0015) *** 0.0033(0.0015) **
2 0.2359 0.2531
R? total 0.5365 04715
N; [N] 1156 [5690] 1203 [4694]
Unweighted data. Significance: ***1% level; **5% leve; *10% leve.

Each estimation includes individuak-level and firm-level characteristics, as per Models [3] and

[4] of Table 2. See Notesto Table 2.
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Table5
L og Pay Per Hour
Mean Workplace Education Levelsfor Restricted Sample

sGLS Random Effectsz

MALE FEMALE
Coeff. (SE.) Coeff. (SEE.)

Only firmsworking in teams:
Own years of education g; 0.0542(0.0015) *** 0.0617 (0.0016) ***
Mean workplace years of education E; 0.0926 (0.0077) *** 0.0665 (0.0071) ***
? 0.2468 0.2178
R’ total 0.4942 0.4636
Own years of educetion g; 0.0925(0.0159) *** 0.0514 (0.0181) ***
Mean workplace years of education E; 0.1328(0.0183) *** 0.0564 (0.0191) ***
Interaction e;* -0.0028 (0.0012) ** 0.0007 (0.0013)
? 0.2438 0.2166
R total 0.4957 0.4633
N; [Ni] 976 [ 7153] 982 [5859]
Only labour-intensive firms.
Own years of education g; 0.0528(0.0018) *** 0.0636 (0.0017) ***
Mean workplace years of education E; 0.0987 (0.0089) *** 0.0590 (0.0078) ***
? 0.2582 0.2112
R-squared total 0.4893 0.4546
Own years of educetion g; 0.0708 (0.0200) *** 0.0780 (0.0215) ***
Mean workplace years of education E, 0.1170(0.0221) *** 0.0730 (0.0222) ***
Interaction e;* E -0.0013 (0.0014) -0.0010 (0.0015)
2 0.2493 0.2071
R total 0.4901 0.4551
N; [Ni] 701[4863] 711 [4449]
Unweighted data. Significance: ***1% level; **5% leve; *10% leve.

Each estimation includes individua-level and firm-level characteristics, as per Models [3] and
[4] of Table2. See Notesto Table 2.
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Log Median Wage of Workplace:

Table 6

Mean and Dispersion of Workplace Y ears of Education (OLS)

Model [A] Model [B]
Coeff. (SEE.) Coeff. (SEE.)

Quit rate -0.1039 (0.0411) ** -0.1130 (0.0448) **
Absenteeism rate -0.0052 (0.0017) *** -0.0088 (0.0019) ***
Union workplace 0.0860 (0.0187) *** 0.0911 (0.0204) ***
International market competition 0.0317 (0.0188) * 0.0326 (0.0205)
Firm aged over 20 years 0.0217 (0.0152) 0.0111 (0.0165)
Financia participation schemes -0.0122 (0.0189) -0.0348 (0.0204) *
Workplace size <50 0.0348 (0.0266) 0.0162 (0.0290)
Workplace size 50-100 0.0036 (0.0273) 0.0030 (0.0297)
Workplace size 100-499 0.0161 (0.0279) -0.0117 (0.0303)
Workplace size 500-999 -0.0262 (0.0316) -0.0355 (0.0345)
Workplace size 1000-3999 0.0202 (0.0366) 0.0170 (0.0399)
Workplace size 4000> -0.0635 (0.0442) -0.0319 (0.0480)
Employment growth in last year 0.0189 (0.0147) 0.0154 (0.0160)
Good relations. workers—-management 0.0136 (0.0155) 0.0114 (0.0372)
UK ownership in private sector -0.0650 (0.0185) *** -0.0871 (0.0201) ***
Single firm -0.0249 (0.0189) -0.0343 (0.0205) *
% part-time workers -0.0115 (0.0412) -0.0841 (0.0445) *
% female workers -0.4497 (0.0400) *** -0.4364 (0.0436) ***
>80% fixed workers -0.07%4 (0.0512) -0.0247 (0.0557)
Any freelance workers 0.0567 (0.0206) *** 0.0640 (0.0224) ***
Any shift work -0.0214 (0.0165) -0.0614 (0.0178) ***
Fewer than 5 competitors 0.0378 (0.0157) ** 0.0296 (0.0171) *
Mean workplace years
Of education E 0.1297 (0.0081) *** —-—
Dispersion of workplace years of
education E; —-— 0.0223 (0.0024) ***
R squared 0.5840 0.5067
Chi-squared 29.37 21.76
N 870 870

All dataweighted using firm weights. Significance: *** 1% level; **5% leve; *10% levdl.

Included in the estimation are: regional dummies (10); sector dummies (7); labour intensity of

production (3); and a constant term.
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Appendix 1 Definitions of the Variables

Variableand Method of Calculation

Variables Used in Estimations:

&

E
Yi

Yi

Worker years of education: converted from level of qualifications of: no qualifications (10
years); CSE/GCE/O-level (11); A-level (13); degree (16); higher degree (18). For those with
additional vocational qualifications, one extrayear was added.

Mean workplace years of education: based on percentage of the workforce in each of k
occupations times average years of education for that occupation from worker respondents

(Y%OCCY* (Sejny k=1...9

Dispersion of workplace years of education: absolute mean diff. across workers based on E
SI(E - &l/n;

Log pay per hour

Ln{(Median pay of k bands)/(no. of hours worked)}, k=1,..12
Log median wage at workplace
Median of y2;,j=1...870

Substitute Variables for Sensitivity Analysis [ Mean, Standard Deviation] :

E2 Mean workplace years of education: based on mean of e; across workplace
Sej)/N; [1357,1.68]

E3 M ean workplace years of education: based on percentage of the workforce in each of k
occupations times average years of education for that occupation from 1998 Labour Force
Survey, split by gender
(%0CC)* (Seraan/Nirsan) k=1...9, m=mae, femde [17.32, 1.09]

E2 Dispersion of workplace years of education: absolute mean diff. across workers based on E2,
SE2, - ;lin; [1.97,0.64]

B3 Dispersion of workplace years of education: absolute mean diff. across workers based on E3,
SE3 - g;/n; [4.02, 1.07]

Esg Dispersion of workplace years of education: mean diff. across workers based on E
S(El - ei)zlnj [7191 3!57]

Esg2 Dispersion of workplace years of education: mean diff. across workers based on E2,

S(E2 - €)n, [6.07, 3.11]

Esq3 Dispersion of workplace years of education: mean diff. across workers based on E3,
S(E3 - €)n, [21.58, 12.69]

y2;  Logannual earnings, using only 12 bands
Ln{Median pay of k bands}, k=1,..12 [9.88, 0.45]

Seealso Table 1.
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Appendix 2 Summary Statisticsfor Selected Dependent Variables

Variable Mean SD.
Selected worker characteristics:

Tenure (years) 7.02 549
Union member 043 049
[\ 18304
Firm-level Variables:

Quit rate 0.15 020
Absenteeism rate 439 413
Union workplace 0.66 0.48
International market competition 0.37 0.48
Firm aged over 20 years 0.37 0.48
Financial participation schemes 058 0.49
workplace size <50 0.28 0.45
workplace size 50-100 0.14 035
workplace size 100499 0.07 0.26
workplace size 500-999 0.03 0.16
workplace size 1000-3999 0.01 0.10
workplace size 4000> 0.00 0.07
Employment growth in last year 047 050
Good relations: workers—management 0.32 0.46
UK ownership in private sector 0.63 0.48
Single firm 023 042
% part-time workers 0.26 027
% female workers 049 0.29
>80% fixed workers 0.02 014
Any freelance workers 0.16 0.37
Any shift work 050 050
Fewer than 5 competitors 051 050
N; 937
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