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Abstract
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computers and thus have benefited more from tipgasl than have college only workers.
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inequality amongst graduates.

JEL Keywords: Wage inequality; Postgraduate edanattomputers

JEL Classifications: J24; J31

Author Emails: j.lindley@surrey.ac.uk; s.machin@acluk

Acknowledgements

We would like to thank participants in a numberseiminars and conferences for helpful
comments and suggestions.




1. Introduction

Rising wage differentials between education grougse been identified as a key feature of
rising wage inequality in a number of countries ¢$inaotably the US and UK, but also
elsewhere}. Rising relative wages for college educated workelsspite their increased
numbers, and the increased relative demand for everkhat are more educated (and the
drivers of these increases) have featured prominémtdiscussions of why overall wage
inequality has risen.

One feature of the increased supply of collegeatha workers is that over time more
individuals have not stopped their education oneglgating with a first degree. Rather, they
have gone on to acquire postgraduate qualificatibngact, in 2010 in both the countries we
study in this paper (the United States and GreiB)y over 10 percent of the adult workforce
(or 36 percent of all college graduates) have #&gpaduate qualification.

Study of the increased importance of postgradudeaion in the labour market has
not yet received much direct attention from thetdbators to the rising wage inequality
literature. Postgraduate education does featuie fasus of one US paper (by Eckstein and
Nagypal, 2004) which studies trends in overall waggguality in the US from 1961 to 2002
and, unlike others in the literature, does highlighing wage differentials for workers with
postgraduate degrees. Also, whilst not their maru$, there are also several references to
rising postcollege wages in the US in Autor, Katzl &earney (2008) where they argue this
feature of wage trends is difficult to rationalise the standard two skill CES production
approach they favor.

In terms of the potential importance of the issties noteworthy that when Lemieux
(2006a) looks at all postsecondary education, ratie@n just college only graduates, in a

decomposition of inequality changes between the 18itDs and mid-2000s he concludes that

! See Acemoglu and Autor (2010) for an up to datéere of this literature.
2 Acemoglu and Autor (2010) also present charts sfpviaster wage growth amongst the postgraduatepgro
and the ‘convexification' of the wage returns tocadion over time that has resulted from this.



‘Understanding why postsecondary education, oppdsedther observed or unobserved
measures of skills, plays such a dominant rolehanges in wage inequality should be an
important priority for future research’ [Lemieux)@ba, p.199].

Much of the existing wage differentials literatyed least as its starting point) bases
itself on what has become known as the canonicaleimar relative supply and demand (see,
among others, Tinbergen, 1974; Katz and Murphy,2198cemoglu and Autor, 2010;
Carneiro and Lee, 2011). In this model, wage difidials between workers with different
education levels are empirically related to measwkethe relative supply of the different
groups and proxies for demand (usually trends asdumbe driven by technical change). The
focus is usually placed on studying particular wegrentials (usually the college only/high
school or college plus/high school wage gap) andletiog labour supply for just two
(aggregated) education groups: ‘college equivalartkers and ‘high school equivalent’
workers (seejnter alia, the influential US papers of Katz and Murphy, 29€ard and
Lemieux, 2001, and Autor, Katz and Kearney, 2608).

In this approach, the only way that postgraduated eollege only workers are
distinguished is via constant efficiency weightghe college equivalent labour supply group.
This (implicitly) presumes postgraduates to be mpreductive versions of college only
workers, but that they do the same jobs and afegesubstitutes in production. In this paper,
we present several pieces of evidence showingishieot the case. First, estimates of the
canonical model reveal evidence of imperfect stigstility between postgraduate and

college only workers. Second, the skills and jdk$adone by postgraduates and college only

% In their estimation of relative supply-demand mlede the US labour market, these authors makengssons

on the labour supply of the following five groupsworkers: workers with a high school degree syppie
‘high school equivalent’, whilst workers with letlsan a high school degree supply a (constant velatiage
weighted) proportion of this; workers with a cokedegree supply one ‘college equivalent’, whilstkeos with

a postgraduate degree supply a (constant relatage weighted) mark up of this; and, finally, theermediate
group with some college are split between the twougs (Katz and Murphy, 1992, and Autor, Katz and
Kearney, 2008, split them 50-50, whilst Card andhleaix, 2001, assume they supplyigh school equivalents
and (le) college equivalents, where is a high school weight used to measure the wafeme college
workers as a weighted mean of high school and geleages.



workers are shown to be different, as are in theupations in which the two groups of
graduates work. The canonical model estimates sdlsav that, whilst relative demand shifts
have favoured all college graduates relative tceemothorkers so that relative wages of all
graduates have risen, it turns out that demandshdted faster for postgraduates so that
within the college graduate group this has sigaifity widened the wage gap between
postgraduates and college only workers. Furthemenadion of the relative demand shifts
reveals that postgraduates more highly complememipaters and thus have benefited more
from their spread than have college only workenspart because of the skills sets they
possess. Hence, overall, the growing presence sifamuates in the workplace has been an
important factor behind rising wage inequality amstrgraduates.

The rest of the paper is structured as follows.Skction 2, we present initial
descriptive evidence on changes in the relativeewagf postgraduates and college only
workers. In Section 3, we show results from estingamodels of the relative demand and
supply of workers with different levels of educatiglacing a specific focus on estimating
differential supply and demand effects for postgedd versus college only workers. We also
look ay differences in the skills and job taskspoktgraduate and college only workers, and
the occupations of these groups of workers. Seetierplores the nature of relative demand
shifts in more detail by looking at differences technology complementarities for

postgraduates and college only workers. FinallgtiSe 5 concludes.

2. Changesin Postgraduate Employment and Wages

Rising Wage Inequality and Education

The broad motivation underpinning this paper corfreen the observation that wage
inequality has risen rapidly in the United Stated &reat Britain over the last thirty to forty

years. To see this, Figure 1 shows the 90-10 odtiog (weekly wages) for full-time workers



(and for the US, full-year workers) from the MarCarrent Population Survey (CPS) for the
United States and New Earnings Survey/Annual Suofdyours and Earnings (NES/ASHE)
for Great Britain* The Figure shows the evolution of the 90-10 ré&giomen and women in
the US between 1963 and 2010 and for GB betweef &8d 2010. In both countries, for
both sexes, overall wage inequality measured by9th&0 stands at a substantially higher
level in the final year, and there is a strong dreipwards in both countries starting from
somewhere around the late 1960s in the US ancted 970s in Britain.

As noted in the introduction, a focus in the hitere on understanding rising wage
inequality has been to study between-group andinwvgloup changes in inequality. By far the
most attention in the former category has beentadysg wage gaps between workers with
different education levels, as rising wage gapsveeh high and low education workers have
been shown to be important determinants of risesvarall wage inequality (see the reviews
of Katz and Autor, 1999, and Acemoglu and Autorl@Cfor more details).

In the existing work, however, the emphasis hasdate mostly been placed on
studying the evolution through time of rather nauso defined wage differentials. For
example, the influential US papers of Katz and Nhyrf1992), Card and Lemieux (2001) and
Autor, Katz and Kearney (2008) all consider the letton through time of one specific
educational wage differential, the college onlythgrhool graduate wage gap (i.e. the wage
gap between workers with exactly 16 and 12 yeaeslatation).

The fixed four year gap in schooling between calegly and high school graduates
has the advantage that it should yield a good, istemly defined, measure of the college
wage premium. However, it does select a specificigrof graduates, eliminating those with

more advanced postgraduate qualifications. Corttiisuo this literature are certainly aware

* The March CPS is used for the US as it has a sienes with wage and education data running abdek as
1963. The NES/ASHE data is used for GB as it hagewagata back to 1970. However, it does not cordain
education variable and so we cannot go as far lmaokir analysis that requires education data for-G& this
we use a combination of General Household Suratg (from 1977 to 1992) and the much larger sarsigks
from the Labour Force Survey (from 1993 onwardsmihéirst recorded earnings information).



of this and sometimes report additional estimatekihg at the wage gap between workers
with 16 or more years of education (i.e. collegéya@nd postgraduates, or college plus) as
compared to workers with a high school degree. and@nd Lemieux’s (2001) analysis, for

example, they state that, based on data runnirig p95, it makes little difference. However,

as we have already noted, aggregating college anty postgraduates workers into one
composite group presumes them to be perfect sutestitand therefore that their relative

wages (net of supply) should have remained constaettime.

We believe there is good reason to revisit thisstjon. First, wage inequality has
risen within the college plus group. Consider Fegg@r which shows the 90-10 ratio for all
male and female graduates in the US and GB sanggas) running from 1963 to 2010 in the
US and now (because of requiring a consistent educaariable) from 1977 to 2010 in GB
using the General Household Survey (1977 to 198@)Labour Force Survey (1993 to 2010).
The Figure shows significant rises in graduate wagsquality. Second, the relative
employment and wages of postgraduate versus coledye workers have shifted quite
substantially through time. This is especially tlase in the time periods after the data used in
existing work that does consider both college @y college plus measures. We show this in
the next sub-section.

Trends in Postgraduate Employment and Wages

Table 1 shows the employment shares of all graduétollege degree or higher),
postgraduates and college only employment sharéstlam postgraduate share amongst
graduates for the United States and Great Britagr dme. The upper panel of the Table
shows that the overall graduate proportion is highéhe US, and has risen from 0.14 in 1963

through to 0.37 by 2010The decade by decade changes reveal a well knatterp, where

® |n the early 1990s, the education variable chamtgdihition in the US and after the definition clyanone can
identify whether postgraduates hold a master'se#egr professional qualification or a doctoral degrLooking
at trends in these shows that a large part ofribeeédsed number of people holding a postgraduajreeeevas
due to a rise in masters degrees (which are typitaio year post-bachelor degrees). Sample sizestlam



the employment share of graduates rose rapidllgarl®70s, and continued to rise at a slower
rate in the decades that followed. Consideringpibstgraduate and college only proportions,
they broadly show the same decade by decade paftetrange, although the overall change
is faster for postgraduates whose graduate shsee t© 36 percent of graduates by 2010 (up
from 27 percent in 1963).

The GB numbers are in the lower panel of the Taliese are taken from the Labour
Force Survey (LFS) and are reported from 1996 t028ince the definition of postgraduate
qualifications is only consistent from 1996 onwardkere is a rapid increase in the share of
all graduates in employment (from 0.15 in 1996 800by 2010). This reflects a longer run
rapid increase in the graduate share, which hashndpieeded up through tirfe.

In the 1996 to 2010 period, there is also a shameease in the postgraduate share,
from 0.044 in 1996, rising to 0.110 of the workferm 2010. In terms of changing shares
within the graduate group, in 1996 30 percent @idgates had a postgraduate qualification
and this rises to 36 percent (interestingly, theesaercentage as the US share) by 2010.

We next consider the relative wages of these duncgroups and results are reported
in Table 2 for the US in the upper panel and fori@Bhe lower panel. The first three rows of
the Table show wage differentials over time for diféerent graduate groups (college degree
or higher, postgraduates, college only) measurative to intermediate groups of workers (in
the US high school graduates, in GB workers witlerimediate qualificatiods The fourth
row shows estimated differentials between postgreetuand college only workers (i.e. the
gap between rows 2 and 3). The differentials gpented for full-time workers aged 26 to 60

with O to 39 years of potential experience in bathntries.

shorter time series on this breakdown precludednaiertaking any detailed analysis of these pattefrchange
although Tables showing descriptive statisticsaanaglable from the authors on request.

® See Machin (2011) and Walker and Zhu (2008). Traelgate share was around 6 percent in 1977 anefoher
graduate supply has increased very rapidly thrdumé, in part reflecting the expansion of higheueation that
occurred in the early 1990s (see Devereux and 2, or Machin and Vignoles, 2005).

" Intermediate qualifications in GB are A level abdevel/GCSE qualifications. See the Data Appeffidixnore

detail.



As is well known in the wage inequality literatuthe wage differential between all
college graduates and the relevant intermediatepgrbas risen significantly in both countries
through time, ending up at higher levels at the ehthe period under consideration. The
pattern by decade has, however, been differerthdrlJS, where we can study a longer time
series, it is clear that there was a fall in th@(Ofollowed by sharp rises thereafter. The first
row shows that the college degree or higher gragp®68 higher log weekly wages in 2010
(up from 0.34 in 1963 and 0.38 in 1980) in the B8 the shorter time series in Britain, the
comparable gap relative to intermediate qualifarativorkers rose from 0.47 in 1996 to 0.50
by 2010°

Turning to possible differences between postgreduand college only workers, it is
evident that postgraduates have significantly sfiteened their relative wage position in both
countries. In the US the postgraduate/high schoadlgate premium reaches 0.86 log points
by 2010 (up by 0.52 log points from 0.34 in 196@3)e college only/high school premium also
rises, but by less (going up by 0.24 log pointsnfr8.34 to 0.58). Hence, considering the
evolution of wage gaps within the graduate grotwe, final row of the upper panel of the
Table shows that the postgraduate/college only veiferential rises sharply through time,
from zero in 1963, but trending up continuouslycsimreaching a 0.27 log gap by 2010.

Postgraduates have also done better in BritaifatiRe to workers with intermediate
gualifications, the postgraduate wage gap incretsesigh time (going from 0.50 to 0.58).
The college only gap stays constant, however,4&. 0@ hus, the postgraduate/college only gap

increases over time: it was 0.05 in 1996 and rehOhE3 by 2010.

® The longer run evolution of the college plus premiin GB is not our main focus here but, like th8, this
also rose sharply in the 1980s (see Machin, 2011).

° Looking at data from the 1960 to 2000 US Censusthrd2010 American Community Survey very much
confirms the US trends. For samples defined theesas the CPS analysis, the postgraduate employment
share rises from 0.029 in 1960 to 0.126 by 2010 thrdpostgraduate/college only wage gap (standaw)e
increases from -0.014 (0.006) in the 1960 Census1@®59 wages) to 0.256 (0.002) in the 2010 AC$ Zf209
wages).



Overall, Tables 1 and 2 show that the relativelalmarket fortunes of postgraduate
and college only workers have been different thhotigne. The clear pattern that emerges in
the two countries is of an increase in both the legmpent shares and wage differentials for
postgraduatesvis-a-vis college only workers. The wage inequality literatuhas noted
coincident increases in relative supply and redatirsages of the college only group before and
has developed empirical supply-demand models tsidentheir evolution through time. The
within college graduates variation we have ideatifhas been discussed less in the context of

these models and so we turn to this in the nextoseof the paper.

3. Relative Supply-Demand Models
In this section we consider how the relative wage e@mployment patterns documented in the
previous section of the paper map into shifts i tblative demand and supply of graduate
workers with postgraduate and college only edunati@ur strategy is to draw upon
established methods from the existing literatuoews begin by presenting estimates of what
has become known as the canonical model of relatipply and demand, where relative wage
differentials by education are empirically relate measures of the relative supply and
proxies for demand (usually trends assumed to iverdby technical change). This approach
was formalised in a general way by Katz and Murgh992) and has been empirically
estimated by a number of authors since (see Acenagl Autor, 2010).

The starting point in this approach is a ConsHEasticity of Substitution production
function where output in period t ()Yis produced by two education groups:(@&hd E) with

associated technical efficiency parametéisad6,;) as follows:
Y, = (0,Ef +0,E5)"" (1)
wherep = 1 — 16g, whereog is the elasticity of substitution between the teducation

groups.



Equating wages to marginal products for each dtceagroup, taking logs and

expressing as a ratio leads to the relative wagatem log W |2 log G -ilog Eu | that can
Wo Oy ) O Ex

be transformed by parameterising the demand dieifts aS|og[%J:ao+a1t+et, where tis a
2t

time trend and@s an error term, to give

W E (2)
| it | = t | 1t
OQ(W J ap +ay +a209(E ]+et

2t 2t
whereo, = —1/bk.

Thus, the relative wage is a function of a lingand and relative supply. The typical
approach for estimating (2) focuses on a narrowdfingéd wage differential (usually the
college only/high school gap) and models supplyteinms of college equivalent and high
school equivalent workers. To define equivalentsiwithe college and high school groups,
individuals with different education are assumedbt perfect substitutes, but are given
different efficiency weights. So, for example, iarrhs of defining college equivalents,
postgraduates are assumed to be perfect substitrtesllege only graduates but they are
given a higher relative efficiency (e.g. in somerkvof around 125% which is assumed
constant over time).

This assumption of perfect substitutability, buiffestent efficiency weightings,
effectively says postgraduates do the same jobsokege only workers, but are just more
productive. It presumes therefore that their reéatvages should have been constant through
time, a presumption that is at odds with the dpsgg wage trends we showed in the previous
section of the paper (and as also remarked upa@drmt Autor, Katz and Kearney, 2008).

Card and Lemieux (2001) have noted that the aboydel also imposes the restriction
that different age or experience groups with thmes@ducation level are perfect substitutes,

an assumption that is not consistent with the U8 theey analyse where the wage differentials



between college only and high school graduatesodonove in the same way for different age

or experience groups through tiffeOne can relax this assumption by decomposingiid

1A 1
Eo into CES sub-aggregates &g = {ZB“E&} nand E, = {ZBZJEEJ‘} n, where there are j
i i
age or experience groups and 1 — 16x, whereoy is the elasticity of substitution between
different experience or age groups within the sathecation levet?
If workers are paid their marginal productivityewan derive a model for the wage

gap between group 1 and 2 workers as:

War ) ool @ rodd P - (2 ool Bt )= 2 ) oo Bt )i Ext 3)
Iog[WZJ Iog(emjﬂog[%] (GEjlog(EZt] (Glelog(EZﬁJ Iog(Eth]

Equation (3) is a generalised version of the catannodel allowing for imperfect
substitution between workers of different experenc age within education groups as well as
for substitutability across education groups. Camd Lemieux (2001) report estimates of this
model based on US data, and Autor, Katz and KeafB698) present a variant where
imperfect substitution is allowed across poterdgigderience, rather than age, groups.

As with the Katz-Murphy model, we can again mahke technological parameters a

function of the linear time trend so that the eatimg equation becomes the following:

W, Ey; (4)
log 1t | _ O + Ot + leog(i]+53 log L —Iog(iJ +Vj;
Woi Eat Eajit Eat

where the coefficient on the trerdd indicates the relative demand shift over and above

supply changes, = -1/bog, 83 = -1lox and v is an error terrf.

19 They show that the college only/high school graelweage rises faster over time for younger and eurkvith
lower potential experience.

1 Of course, ifn = 1 (becausey is infinity owing to perfect substitution) this l@pses back to the standard
Katz-Murphy model. Notice we use X denoting expeci as notation here as we focus on substitutioosac
experience groups for most of our analysis (mueh dame emerged if we looked at substitution acages
groups as well - these results are available onagtgfrom the authors).

2 n practice, the equation from the two-level ndSBES model is estimated as a two step procedkirst, the
coefficientd; can be estimated from regressions of the relatiages of different experience/age groups to their
relative supplies to derive a first estimatecgfand a set of efficiency parameters (fis andp,'s in the CES

10



Estimates of Supply-Demand Models

We present estimates of the Katz-Murphy (KM) andrddaemieux (CL)
specifications (respectively equations (2) and ddgve) in Table 3. Our time series is too
short to undertake a rigorous analysis for the GiBadso this part of the analysis only
considers the US. The dependent variable (as imerofapers in the literature) is a
composition-adjusted relative wdgewith the relevant relative wage under considerath
different models defined in the Table. The relasupply variables also follow the literature
showing supply in terms of the relative group afiigglents (see the Data Appendix).

We begin by discussing estimates of equation (@) @) for the wage differential
considered in the vast majority of work - the cgdeonly/high school relative wage - and for
college equivalent versus high school equivaleppbu The KM model is specification [1] in
the upper panel of the Table and the CL model aig substitutability across experience
groups within the two skills groups, and computthg model based supply measures from
estimating efficiency weights) is specification jA]the lower panel of the Table. For the 1963
to 2010 time period, the estimates we obtain andai to those in other work.

First, consider the KM specification [1]. The modgicovers a significant negative
coefficient of -0.353 on the relative supply vateglsuggesting an elasticity of substitution of
about 2.8. This is in the same ballpark as Aut@tzkand Kearney's (2008) estimate of 2.4 for
the same data running from 1963 to 2005. SimildHgre is a significant positive coefficient
on the trend variable of 0.014 showing a trendaase in the college only/high school gap

over and above supply changes of 1.4 percentagéspmiyear.

sub-aggregates) can be obtained for each educgtmup from a regression of wages on supply inclgdin
experience/age fixed effects and time dummies. Gihese, one can then computead B, to obtain a model
based estimate of aggregate supply. See Card anikive (2001) for more detail.

3 The composition adjustment is described in theaDgtpendix. Essentially we take a similar approszh
Autor, Katz and Kearney (2008) and estimate predidixed weight wage differentials from annual wage
regressions disaggregated by gender and the fdanfie experience groups (i.e. eight separateessgons for
each year) controlling for a linear experience afale (and for broad region and race). These wageshen
weighted by the hours shares of each group forvthele time period. For further discussion of issaes
composition see Carneiro and Lee (2011) and Lexn(2006b).

11



Second, consider the CL specification [4]. Thisc#ipgtion shows a negative impact
of aggregate supply (with an implied elasticitysoibstitution of 2.3) and a significant trend
increase of 1.8 percentage points per year. Thesdifferent to the KM model because of the
salient feature of the CL model, namely the sigaifit estimate obx of 4.0 showing
imperfect substitutability across experience groups

As noted above, some authors have remarked tltlag ifame exercise is carried out
for a wage differential defined between collegesp({ue. postgraduates and college only
workers) and high school graduates and the san@ysopeasure that much the same results
follow. We consider this in specifications [2] afg] in the Table where we now consider a
relative wage as the postgraduate to high schaauste wage. If the college plus group is
homogenous (and the postgraduates and collegevanlyers can be thought of as perfect
substitutes) then one should see the same estiamtespecifications [1] and [4].

Whilst qualitatively similar (i.e. supply depresseage differentials and there is a
significant trend increase in relative wages owved above supply) the magnitudes of the
estimated effects turn out to be rather differémtthe KM model, the implied elasticity of
substitution is now 2.2 (as compared to the 2.8vabior college only), not surprisingly
showing less substitutability of postgraduates Witih school graduates. Moreover, the trend
coefficient is around 50 percent higher at 0.020mpared to 0.014. Both these
postgraduate/college only gaps are statisticafipiicant. The same pattern emerges for the
CL model. In specification [5], the estimated imipat aggregate relative supply on relative
wages is more marked than in specification [4],gesting a slightly lower substitution
elasticity of 1.9 (as compared to 2.3). In additithe trend coefficient is larger (at 0.0%4-a-

vis 0.018).

12



We have also considered what happens when lookitigeaextent of substitutability
within the graduate group;EThis amounts to generalising the original proaurctunction in

equation (1) to three worker types as follows:

Y, = (0,E5, +0,E5)P ®)

Eq = (013P] +03,,03)™"
where P denotes postgraduates and O denotes colgaorkers andy = 1 — 16p0, Where
opois the elasticity of substitution between the tyvaduate group¥’

As in the spirit of the tests introduced by Ottamiaand Peri (2012) on whether more

narrowly defined education groups can be groupgdtteer or not (as they can if there is an
infinite supply elasticity with perfect substitutly we can consider the KM and CL

specifications when fis specified as in equation (5)In this case, the estimating equations

within the graduate group now become:

6
Iog[&] =hg+ M+ leog(iJ +, 6)
Wor O,

= Vo Yt +y,log —— 3 = = it
Woit o Oy O,

where in the KM model; = —1bpo and in the CL modea), = —1lbpo andy3 = —1bxpo (With

log

oxpo being the elasticity of substitution between da#f& experience groups within the more
narrowly defined education groups). As before ia @L model we compute the efficiency

weights to form the model based relative supplysoess®

1t should be noted at this juncture that the samguments could potentially be made about high sicho
graduates and dropouts in.BHowever, and in common with other work in thigar(Card, 2009; Goldin and
Katz, 2008; Ottaviano and Peri, 2012), it turns thére is no need to as we were unable to rejecttil
hypothesis of perfect substitutability within thig/tn school equivalent group when we specified aglonest for
Eat.

!5 Other papers in the immigration literature taksirailar approach of testing for substitution offeient worker
types in relative wage equations derived from rie§€2&S production functions. For the US, see Aydeanul
Borjas (2007) and for Britain see Manacorda, Magrand Wadsworth (2012).

'8 |n practice, this is done by obtaining estimatesgg as a first step and then the relative efficienasameters
0111 andB1,; from wage equations for postgraduate and colledye workers, and then constructing the aggregate

13



This graduate only model thus looks for furtherstitbtion between postgraduate and
college only workers within the graduate group. Esémates are shown in specifications [3]
and [6] of Table 3. The specifications here defieative wages as the postgraduate/college
only wage and split the college equivalent suppijo i postgraduates and college only
equivalents. In both the KM and CL models, we refae hypothesis of a zero supply effect
and therefore perfect substitutability. The estedatoefficient on the aggregate supply
variable is negative and significant in both case® produces the same point estimate of -
0.13, implying an elasticity of substitution of 7.lhterestingly, in CL model there is no
evidence at all of substitution across experienceigs (i.e. we cannot reject the hypothesis
that 16xpo = 0), hence the reason why the KM and CL mode#dyihe same substitution
elasticities. Another way to note the similarity tdie KM and CL estimates in the
postgraduate/college only comparison is to noté thkative wages do not show strongly
different patterns over time for low versus higlpesience (or younger versus older) workers.
This is made clear by looking at Figure 3, whiclows trends in the composition adjusted
postgraduate/college only relative wage acrossenighd lower experience groups.

The models also show the importance of relative atemshifts in favour of
postgraduates as compared to college only worKérs.significant coefficient on the trend
variable shows an annual increase in relative wages and above supply changes, of 0.5
percentage points per year or cumulatively a verglde 24 percentage points increase over
the full 48 years. Demand driven increase in peshgate/college only wage gaps have

therefore been an important aspect of rising witioup inequality amongst graduatés.

supply index E. This estimated model-based supply index thatellfor imperfect substitutability within the
college plus group is then used in estimating noddlose results are reported in the Tables.

" In an earlier version of this paper, we explor#terent ways of modelling the demand shift in tl and CL
models. Some authors (Autor, Katz and Kearney, 2@8din and Katz, 2008) have addressed this isgue
looking at trend non-linearities or trend breakse Wok a different approach, replacing the lineand with a
technology proxy, the log of the real ICT capitadck. For our interest in postgraduates, both tivk &d CL
models incorporating the real ICT capital variabteroborate the findings from before and, if anythiturned
out to be stronger. The Ottaviano-Peri (2012) ttgst in specifications [3] and [6] more stronglyers the
hypothesis of constant wage evolutions for postgases and college only graduates. For the KM andn@tels
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What Are The Skills That Make Postgraduates MoreDemand Than College Only
Graduates?

An obvious question that emerges is to ask what the skills possessed by
postgraduates that make them imperfect substifotesollege only workers? Data is sparse
on this, but we can shed light on the questiondokihg at the British 2006 Skills Survey that
contains information on education levels of workémst also on their specific skills in terms
of the job tasks done by workers.

Table 4 shows postgraduate/college only differenice cognitive skills, problem
solving skills, people skills, firm-specific skijllshe tasks they use computers for and the
routineness of their job. Most of the numbers ie fhable (with the exception of the
proportions using computers) are based on a s€dlésd5 being highest) from questions on
task performance asking 'How important is this tasfkour current job?’, with 1 denoting 'not
at all important’, 2 'not very important’, 3 'fgirmportant’, 4 ‘'very important’ and 5 'essential’.

It is clear that both sets of graduates do jolik Wigh skill and job task requirements.
However, in almost all cases the levels are higaed significantly so) for postgraduates. For
example, postgraduates have higher numeracy Iésstecially advanced numeracy), higher
levels of analysing complex problems and specidiimwledge or understandin@.The
computer usage breakdowns are also interestingyisgoclearly that postgraduates and
college only workers have high levels of computsage, but that using computers to perform
complex tasks is markedly higher amongst the padtgate group.

We view the Table 4 material as confirming thastgoaduates do possess different
skills and do jobs involving different (usually neocomplex) tasks than college only workers.

This is further evidence of them being imperfechstitutes and, as they seem to possess

the estimated coefficients (standard errors) ondieply variable were -0.155 (0.071) and -0.15850).
Moreover, the strong and significant coefficienttbe real ICT measure suggested that, over tinobntdogy
driven demand has been shifting strongly in favafysostgraduate relative to college only workers.

'8 These are all skills that are becoming more highlyed in the labour market through time (see Gr8612).
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higher skill levels, is in line with the fact theglative demand has shifted faster in favour of
the postgraduate group within the group of all egdl graduateS. As such, this is an
important aspect of rising wage inequality amormgd#iege graduates.

Which Occupations do Postgraduates and College Gnduates Work in?

We have also looked at another dimension by whpigstgraduate and college only
workers differ and that relates to their imperfextbstitutability by looking in which
occupations they are employed. Table 5 shows théeto occupations in terms of their share
in employment for college only and postgraduatekems in 2010 for the US (in the upper
panel) and for GB (in the lower panel).

There are several interesting features of thetéapoccupations of these three groups
of workers. First, other than in the education @ecthe top ten tend to be different
occupations in both countries. Second, whilst theupational categories are not quite the
same across countries, there are some clear streg8arThird, the postgraduate occupations
are more segregated than the college only. Fogahiates, in both countries the top ten (in
the US out of 497 occupations, and for GB out a3 86cupations) account for just over 40
percent. The college only distribution is morepéised, with the top ten for more like a
quarter’® It is evident that college only workers are spreadre widely across the
occupational structure and the occupational distigim of postgraduates is more segregated.

The differences in the occupational structure ofpleyment for the postgraduate

groupvis-a-viscollege only graduates offers additional corrobeeaevidence relevant to our

' They are also in line with the task continuum mdteat Acemoglu and Autor (2010) introduce in thentext
of their discussion of the shortcomings of the cacal model. They state that the canonical mode iseful
and powerful way to model how the supply and denfandkills have affected wage differentials througnme,
but argue for generalising it in terms of a taskdzthmodel with an allocation of skills to tasks amavhich new
technology substitutes for workers doing certairor@nroutine) tasks. In terms of the task continuantheir
model, we view our evidence as illustrating thastgoaduates do tasks at the top end of the tagincom and
thus are not substitutable by computers or other eehnologies. This seems very consistent withresults
showing postgraduates doing tasks that are moranaéd and performing better in the labour markanth
college only workers and with their higher compleagity with computers.

% Benson (2011) considers the spatial distributibnazupations in the US by education group. Whilst the
main focus of his analysis, he shows the occupalistructure of postgraduates to be more segreédghsa for
college only workers (and indeed for the rest eflébour force).
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earlier findings of less than perfect substituteord in the trend differences in relative wages
net of relative supply between the postgraduatecatidge only group.

Thus, overall, we have found evidence of impergedistitutability of the two different
groups of graduates. As a consequence, the (if)pliew that postgraduates are just more
productive versions of college only workers doesseem to be tenable. The other key result
from the supply and demand modes is that demandshified significantly in favour of
postgraduates within the graduate group and thsithids played an important role in raising
wage inequality amongst college graduates. In #d Bection of the paper, we probe this
further, looking at what has driven this increasethtive demand for postgraduates by
studying differences in technology-skill complenagiites for postgraduate as compared to

college only workers.

4. Differencesin Technology-Skill Complementarities
We now shift the focus to ask why the demand fatg@duate and college only workers has
been different. Again utilising the approaches useexisting work that does not distinguish
between the two different groups of graduates, wwdyscorrelations between temporal shifts
in relative demand and observable technology meaand look at whether one can identify
cross-country similarities in the observed patterdhshange.
Industry Computerization and Skill Demand

A large body of research connects relative densmits underpinning increased wage
inequality to observable measures of technologyallys relating the two through industry-

level regression$: This work reveals that technology measures likeDR&novation and

2 The seminal article is Berman, Bound and GrilictiE894) which related changes in the demand fdteski
labour in US manufacturing industries to measufeR&D and computer investment. Autor, Katz and Kyee
(1998) study connections with industry computer@atand Berman, Bound and Machin (1998) and Maahith
Van Reenen (1998) offer cross-country comparis@seth on the same industries across countries.byhi®w
sizable literature is reviewed in Katz and Autb®99).
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computerization are positively correlated with lomgp secular increases in the demand for
more educated workers, thus showing important tedgy-skill complementarities.

For our purposes, it is interesting to ask whetieehnology-skill complementarities
are different for postgraduate and college only kems. We explore this question by
estimating the following long run within-industrglationship between changes in relative
labour demand of different education groups, S,@drhges in computer use, C, as:

ASgjt =10 tT1AC | T 014t (7)

where ASgt = Sejt ~Sefr is change in the employment share for educationmein industry |

between yearsand t (in the US between 1989 and 2008, and fob&Reen 1996 and 2008)
and AC; is the change in the proportion of workers in istty1j using a computer at work
between 1984 and 2003 for the US (from the OctoBerrent Population Survey
Supplements) and between 1992 and 2006 for GB (th@1992 Employment in Britain and
the 2006 Skills Survey).
To evaluate the longer run impact of computer (ssece the initial introduction of

computers in the PC era) we also augment equafioby(the initial level of computer usage
(in 1984 for the US and 1992 for GB) as follows:

initial
eCi *0oeit

_ 8
ASgjt =hpe +7eAC; 9 ®

where Cij”i“a' is the initial computer use proportion (measured 984 for the US and 1992

for GB). The inclusion of this variable can be tgbtione in one of two (related) ways. First,
by holding constant the initial stock of computerts, inclusion implies the estimated
coefficient onAC; picks up effects of the change in computer use fiteen. Second, under the
assumption that in earlier periods (say back in 1#9&0s or 1970s) the computer use
proportion was essentially zero, the variable fitsah be viewed as picking up growth in

computer use effects up to the time period in whiehvariable is measured.

18



US Results

Estimates of equation (7) and (8) are reportedifer education shares in Table 6. As
per the main focus of this paper, the five educatiooups generalise on the four used in
earlier work by breaking down the college plus grooto postgraduates and college only
workers?? The upper panel of the Table focuses on the UsSlother panel on GB and in each

case the two specifications showing the estimates ofrom equation (7) and,. and ¢,

from equation (8) are shown.

Considering first the US results, specificatior] [ Table 6 uncovers different
connections between the postgraduate and collelyecbanges in employment shares and
changes in computer use. Indeed, the positive atiomereported in earlier work (e.g. Autor,
Katz and Krueger, 1998) is only present for thetgrasluate group. It seems that the
connections between industry changes in skill deh@ard changes in computerization are not
neutral across the two groups of college graduates.

Results for the three other education groups (scotlege, high school graduates and
high school dropouts), show much the same pattersean in earlier work, where the main
losers from increased computerization are the kijtool graduates (not the dropodtsThis,
of course, is consistent with computerization pigya significant role in the polarization of
skill demand (where jobs were hollowed out and&ative wages deteriorated in the middle

part of the education distributiofi).

2 n their US study, Autor, Katz and Krueger (199®)k at four education groups: college, some cel)dtgh
school graduates and less than high school. Giveriogus on heterogeneity in the college group,spht that
into postgraduates and college only, so as to &dke groups. We also study five (broadly compéayroups)
in the GB data: postgraduates, college only, inggliate 1, intermediate 2 and no qualifications.ee($he
Appendix for more detail on the precise definitiarsed.)

3 Like Autor, Katz and Kreuger (1998), we obtain @sitive significant coefficient on computerizatiomthe
high school dropouts share equation. Like them,troimg for the initial (lagged) education shareed
ameliorate this, although our interpretation of ttemputer effects as reflecting polarization witte tbigger
negative effects for the intermediate educatiorugsaremains robust to this.

4 For evidence on labour market polarization intl&see Autor, Katz and Kearney (2008), in the Uko&and
Manning (2008) and for Germany Spitz-Oener (2006Pastmann, Ludsteck and Schoenberg (2009). Goos,
Manning and Solomons (2009) and Michaels, Natrdj ¥an Reenen (2010) present evidence that polanzat
connected to computerization is pervasive acrosgiber of countries.
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The second US specification [2] in Table 6 showsmeges of equation (6) which
additionally include the 1984 computer use proportiThis sheds more light on what has
been going on within the graduate group. The changhe postgraduate employment share
is significantly related to both the 1984 to 20@8reases in industry computerization and to
the 1984 level. On the other hand, the change @ dbllege only wage bill share is
insignificantly related to the 1984 to 2003 chaage positively and significantly only to the
initial 1984 level.

Thus, the initial influx of computers to industrieenefited both groups, but thereafter
the group of graduates who benefited was confinatidse with a postgraduate qualification.
This paints a rather different picture as to whodfed most from the computer revolution.
It seems initially that labour demand shifted indar of all graduates, but as time progressed
labour demand tilted more in favour of postgradsiafEhis suggests that more recently
postgraduates possess skills that make them monplementary to computers, a point we
return to towards the end of this section wherdoo& directly at differences in the skills of
postgraduate and college only workers.

It is worth benchmarking the within-college grouiffetences for postgraduates and
college only with the earlier work where the overlllege share (i.e. the sum of the two
shares) was used as dependent variable. If wehpuat together in one college plus group as
in the earlier work, we obtain a coefficient (ars$@ciated standard error) of 0.131 (0.031) on

the 1984 to 200AC; variable and of 0.010 (0.001) on the 198%™ variable. Therefore, like

the earlier work, there is indeed a strong conpacthetween changes in college plus
employment shares and computers, but our findingislight that it is one characterised by

non-neutrality of technology-skill complementaragross the postgraduate and college only
groups. Put differently, postgraduates more higtdynplement computers as compared to

college only workers and thus have benefited mane their spread.
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GB Results

The lower panel of Table 6 gives the GB resultsnsider specification [3] first. As
with the US findings, we find non-neutrality amontfse two groups of graduates. We obtain
a significant positive coefficient on the postgrattuvariable and an insignificant (positive)
one on the college only variable. The same is truepecification [4] when the initial
computer usage variable (measured in 1992) isdecluHere though, it is evident that there
are strong and significant connections betweengdsmim the postgraduate employment share
and both changes in industry computerization aed1®92 level of computer usage. On the
other hand, connections with the college only shaeenot statistically significant.

For the other three education groups, the residts confirm that the British labour
market was also characterised by polarization cctedeto industry computerization and its
associations with changes in the relative wageseamngloyment of workers with different
education levels. The hollowing out of the middieseen in the results reported in the Table
where the intermediate qualification groups farersyowhilst those at each end of the
education spectrum (the postgraduates at the wph&nno qualifications group at the bottom)
have the best outcomes in relative terms.

Sub-Period Analysis and Complex/Basic Computer Use

The notion that increased computer usage actsmasagure of new technology over
the whole time period we consider also requiresesalscussion (see Beaudry, Doms and
Lewis, 2010, who critically appraise the extentwbich the widespread use of personal
computers reflects a technological revolution).sTts a potentially important aspect of our
analysis in that we look at changes in computegeisgetween 1984 and 2003 as, by 2003, in
some industries the percentage of workers usingrmpater is high. This possible near

reaching of a ceiling, of course, shows the neetbtdrol for initial levels of computer usage

21



in the regressions. It also raises the questionwtéther changes in a simple headcount
measure of any computer use at work adequatebctettchnological change.

We consider this question in two ways for the U&lgsis (sample size issues
precluded a similar analysis being undertaken B}.&irst, we break down the analysis into
two sub-periods. These are dictated by the aviéithalof computer usage data in the CPS in
the October supplements of 1984, 1993 and 2003th¥& look at changes in employment
shares between 1998 and 2008 and how they relatbaioges in computer usage between
1993 and 2003, and perform the same sub-periodl feplichanges in employment shares
between 1989 and 1998 with computer use changesumeeafrom 1984 to 1993.

Estimates of equation (6) are reported in spediboa [1] and [2] of Table 7 for these
two sub-periods. The analysis corroborates theieeafihdings where there is a stronger
computerization effect for postgraduates than édlege only workers. A closer inspection of
the results does, however, reveal that this mare ¢f the first sub-period (in specification
[1]). In the second sub-period (specification [2))e postgraduate and college only
computerization effects are more similar.

To further probe this, the second way we consitier usefulness of the computer
usage data to measure technological change isdaking down the computerization measure
into whether the computer is used for complex @idtasks. For the second period of data we
can do this since the 1993 and 2003 computer uselesuents in the CPS report whether

computers are used for more complex tasks likeraroghing as well as for a variety of other

% The second period closely approximates the timegestudied by Autor, Katz and Krueger (1998). éwit
Katz and Krueger report an estimated coefficietdn@ard error) of 0.152 (0.025) on the computervsse@ble
in a regression of changes in college plus emplaoyrsleares between 1979 and 1993 on the 1984 todt98ye
in computer usage for 191 US industries. Runnirg game regression (i.e. not including the initael of
computer usage) on our 215 industries for the chamgollege plus employment shares between 1989888
we obtain a very similar estimate of 0.144 (0.0@6)he 1984 to 1993 change in computer use vari&olethis
specification, considering postgraduate and coltayg shares separately produces a coefficienhdstal error)
of 0.087 (0.015) on the change in computer useabitgiin a change in postgraduate share equationfab®57
(0.023) in a change in college only share equation.
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more basic purposes (see the Data Appendix for metail). We therefore define complex
use as computer programming and basic use asall computer use.

Specification [3] of Table 7 reports the resulS8hanges in complex computer usage
are strongly associated with the increased demangdstgraduates. Both the change and the
initial level of complex computer usage have a fpasiand significant impact on the change
in the postgraduate share of employment. The samet true of the college only group,
where it is changes in basic computer usage thatsagnificantly related to increased
employment of this group of workers.

Thus it seems that whilst increased computer usagetime could in part reflect the
widespread use of computers as becoming a gengnadge technology, once the complexity
of tasks used for by computers is considered,thgsbeen an important factor in explaining
the differential demand for postgraduate vis-aaofiege only workers. Therefore in more
technologically advanced industries, a higher cemgntarity of postgraduates with
computers used for complex tasks has meant therdkfoa postgraduates has increased at a
faster rate than demand for college only workees ¢he last twenty five years.

Cross-Country Correlations

The fact that we have comparable data in two c@mstmeans we can further
investigate the relative demand shifts in favourpoktgraduates by asking the question
whether one sees bigger shifts occurring in theeserdustries in the two countries. Earlier
work on shifts in relative demand by Berman, Bowrdl Machin (1998) took this very
approach to show that there were cross-country comafities in shifts in industry skill
demand in advanced countries in the 1970s and 1280would be predicted by the skill-
biased technological change hypothesis.

Table 8 shows US-GB cross-country correlationsndistry levels and changes in

employment shares and computerization. These arpued for the same 49 (roughly 2-
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digit) industries for the two countries. The levale all strongly correlated as shown in the
first column. However, our main interest is in t@relations in the within-industry changes
as reported in the second column. These are aisogdf correlated for employment shares
and for computerization. It seems that it is theeandustries in the two countries that had
faster increases in computer usage and, at the sarageshifts in relative demand towards
postgraduates. The correlations are strong (witralpes showing statistical significance
levels of better than 1 percent in all cases). féigd plots US versus GB changes in
postgraduate employment shares and changes in tempsage and fits a regression line
through them, showing these strong cross-countmglations.
Cost Share Equations

So far, we have considered shifts in relative tabdemand by education group and
their relation to changes in computerization acindsistries over time. The advantage of our
analysis so far was that we were able to do thisafound 215 US industries and 51 GB
industries covering the whole economy. Some rebkeircthis area estimates more detailed
cost share equations derived directly from a t@nslost function. These relate changes in
cost shares by education group to technology italisaand also to industry capital and
output. Thus, one can look at capital-skill anchtestogy-skill complementarity/substitution.
We have also considered this approach, albeit img@iging for a reduced number and more
highly aggregated set of US industries owing torteed for capital and output d&fa.

The cost share equation is of the form

AWB ejt = hge+730(CIY) it peAlogK ; +mAlogY;, + O3t (9)

where AWBejtiS the within-industry change in the wage bill ghaf education group e, CI/Y

is the share of ICT investment in value added, Késnet capital stock and Y is value added.

% The reduced number of industries comes about Isecafithe need for capital stock data in serviagose
industries (which we obtain from the US Nationaidme and Product Accounts, NIPA) which means we tav
lose some public sector industries from our analygiere capital is not well measured (as in Aukatz and
Krueger, 1998, we are forced to omit education leemlth from this analysis).
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Variants of equation (9) have been estimated in literature exploring capital-skill
complementarities (dating back to Griliches, 19883 more recently in the wage inequality
work exploring technology-skill complementarities.

Estimates of equation (9) are given in Table 951US industries. Differences in the
postgraduate/college only coefficients on the tetdgy variable are a little muted, but they
are strongly supportive of the pattern seen eafiethe relative labour demand equations.
Industries with more ICT investment saw fasteraasies in wage bill shares for postgraduates
than for college only workers, which is indicatioenon-neutrality between the two groups of
college graduates. There is also significant halgwout in the middle part of the distribution

with some college and high school graduates fasioggt.

5. Conclusions

In this paper, we present new evidence on how hla@ging education structure of the
workforce has contributed to rising wage inequaiitythe United States and Great Britain.
Our main focus is on increasing divergences withim group of workers who have been to
university. We document that there have been ise®ahrough time in the number of
workers with a postgraduate qualification. We shbat, at the same time as this increase in
their relative supply, their relative wages haverggly risen as compared to workers with
only a college degree.

Consideration of shifts in their demand and supigovers trend increases in relative
demand for postgraduates that are a key driveraséasing within-graduate inequality. In line
with these shifts in relative demand, we reportiotes pieces of evidence in line with the
notion that postgraduate workers and college ordykers are different, in that they are not
perfect substitutes, they possess skills that laakigher value in the labour market and that

they work in different occupations.
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The relative demand shifts in favour of workershyitostgraduate qualifications are
strongly correlated with technical change as mesaisby computer usage and investment. It
turns out that, in the period when computers hawssinely diffused into workplaces,
postgraduates more highly complement computersoaspared to college only workers and
thus have benefited more from their spread. Théskbeen an important driver of rising wage
inequality amongst graduates over time as the poesef postgraduates in the workplace has
grown in importance.

Before concluding, it is worth noting that in tipsper we choose to focus on well
established empirical approaches that have beeah ingerior work in the area to show that
there have different patterns of change in laboarket outcomes for postgraduates and
college only workers. We do this deliberately sonas to confuse differences in modelling
approach with our findings that postgraduate arltege only workers need to be separated
out in relative supply-demand models and in studfabe impact of computerization as skill-
biased demand shocks. Of course, the findingsisfp@iper do then naturally open up other
channels for future research. One important quessido better understand why graduates are
increasingly feeling the need to distinguish themese from college only workers by
acquiring postgraduate qualifications. A secondtdsconsider gender differences since
women's relative supply has increased faster themsras more women have gone to college.
A third is to study the implications for universi#i of the changing balance between
undergraduate and postgraduate education. Finalbking at whether evidence of rising
graduate wage inequality driven by higher labourketarewards for postgraduates is a feature

of changing wage structures in other countriesiisygortant avenue for future research.
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Figurel: Trendsin Overall 90-10 Wage Ratio

United States, 1963 to 2010
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Figure2: Trendsin 90-10 Wage Ratio For Graduates

United States, 1963 to 2010
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Figure3: Trendsin Composition Adjusted Postgraduate
Wage Differentials by Experience Group

Postgraduate/College Only - United States, 1963 to 2010

Trends in Wage Differentials
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Notes: Composition adjusted log relative wage déffitials by experience group computed from March
CPS data for full-time full-year workers aged 26-60
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Figure4: Cross-Country Correéationsin Within-Industry Changesin
Postgraduate Shares and Computer Usage (49 Industries)
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Table 1. Employment Shares by Education

United States

1963 1970 1980 1990 2000 2010
College Degree or Higher 0.137 0.158 0.238 0.277 31®. 0.370
Postgraduate Degree 0.037 0.046 0.075 0.089 0.106 1320
College Degree Only 0.100 0.112 0.164 0.189 0.209 238
Postgraduate Share 0.268 0.290 0.313 0.320 0.337 .3570
Great Britain
1996 2000 2010
College Degree or Higher 0.145 0.180 0.304
Postgraduate Degree 0.044 0.057 0.110
College Degree Only 0.101 0.123 0.194
Postgraduate Share 0.301 0.315 0.362

Notes: Source for United States is March CurrempuRaion Surveys. Source for Great Britain is LabBorce Surveys. Employment shares are definegdople in work
with O to 39 years of potential experience and &fetb 60.
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Table 2: Wage Differentials by Education

United States

1963 1970 1980 1990 2000 2010
College Degree or Higher 0.337 0.416 0.384 0.529 0.628 0.682
(0.011) (0.008) (0.007) (0.006) (0.008) (0.007)
Postgraduate Degree 0.338 0.455 0.470 0.641 0.768 0.856
(0.020) (0.013) (0.010) (0.009) (0.010) (0.008)
College Degree Only 0.337 0.402 0.344 0.476 0.555 0.583
(0.012) (0.009) (0.007) (0.007) (0.008) (0.007)
Postgraduate Degree Versus College Degree Only 10.00 0.053 0.125 0.165 0.214 0.273
(0.021) (0.014) (0.010) (0.010) (0.011) (0.008)
Sample Size 12100 23217 29546 34944 29436 41961
Great Britain
1996 2000 2010
College Degree or Higher 0.468 0.470 0.497
(0.007) (0.007) (0.007)
Postgraduate Degree 0.504 0.540 0.579
(0.015) (0.010) (0.010)
College Degree Only 0.451 0.435 0.449
(0.011) (0.008) (0.009)
Postgraduate Degree Versus College Degree Only 20.05 0.104 0.130
(0.017) (0.011) (0.011)
Sample Size 20072 36590 23964

Notes: Source for United States is March CurreqguRadion Survey. Source for Great Britain is 192600 and 2010 Labour Force Surveys. Full-timéyfear workers
with 0 to 39 years of potential experience and agédo 60 in the US; full-time workers with 0 to $@ars of potential experience and aged 26 to 6GBn Wage
differentials relative to high school graduateshe US and intermediate qualifications in GB. Cohtrariables included are: gender, experience, riampee squared, broad
region and race (US); gender, experience, expe¥isquared, London and white. Standard errors ienplaeses.
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Table 3: Estimates of Supply-Demand Models of Educational Wage Differentials, US

United States, 1963-2010

Wage Differential College Only/High School Postgratt/High School Postgraduate/College Only
Relative Supply College/High School College/High&al Postgraduate/College Only
A. KM Aggregate M odel [1] [2] [3]
Log(Aggregate Relative Supply) -0.353 (0.034) -0.48.040) -0.130 (0.061)

Trend 0.014 (0.001) 0.020 (0.001) 0.005 (0.001)
Sample Size 48 48 48

R-Squared 0.92 0.96 0.88

B. CL Experience Groups M odel [4] [5] [6]
Log(Aggregate Relative Supply) -0.440 (0.030) -8.52.041) -0.130 (0.052)
Log(Experience Specific Relative Supply) - -0.250 (0.019) -0.228 (0.026) 0.005 (0.032)
Log(Aggregate Relative Supply)

Trend 0.018 (0.001) 0.024 (0.001) 0.005 (0.001)
Sample Size 192 192 192

R-Squared 0.86 0.90 0.71

Notes: The dependent variable is the log of¢hevant fixed weighted (composition adjusted) evddferentials. Standard errors in parentheses.
Four experience specific groups (0-9, 10-1929030-39). The CL models include dummies for edgrere groups and are estimated using the two step
process to generate model based relative supghsures discussed in footnote 12 and 16 of ther@aga in Card and Lemieux (2001).
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Table 4.
What Are The Skillsand Job Tasks Implying Postgraduates Are Morein Demand Than College Only Graduates?

Skill/Job Task Postgraduates College Only Gap (Standard Error) reRsppn Corrected Gap
(Standard Error)
Cognitive Skills
Literacy 4.067 3.763 0.304 (0.079) 0.299 (0.079)
Simple Numeracy (Basic Arithmetic) 3.606 3.583 286.00.094) 0.023 (0.093)
Advanced Numeracy (Maths and Statistics) 3.004 2.71 0.289 (0.104) 0.285 (0.103)
Problem Solving Skills
Thinking of Solutions to Problems 4.311 4.277 0.03b664) 0.037 (0.064)
Analysing Complex Problems 4.179 3.880 0.299 (0.083 0.291 (0.083)
People Skills
Making Speeches/Presentations 3.658 3.148 0.5@95p. 0.496 (0.095)
Teaching People 4.023 3.843 0.180 (0.086) 0.187 (0.085)
Dealing With People 4.658 4.684 -0.026 (0.047) -0.017 (0.047)
Firm Specific Skills
Knowledge of Products/Services 3.817 3.831 0.018pM -0.002 (0.091)
Specialist Knowledge or Understanding 4.704 4.548 .15@(0.055) 0.158 (0.055)
Computer Usage
Using a Computer or Computerised Equipment 4.607 384. 0.223 (0.068) 0.234 (0.068)
Proportion That Do Not Use a Computer 0.019 0.045 -0.025 (0.014) -0.027 (0.014)
Simple (General Purpose) Computer Users 0.074 0.109 -0.035 (0.021) -0.044 (0.021)
Moderate Computer Users 0.428 0.486 -0.058 (0.035) -0.047 (0.034)
Complex Computer Users 0.479 0.361 0.118 (0.034) 118)(0.033)
Routineness of Job
Performing Short Repetitive Tasks 2.689 2.890 -D.@0073) -0.204 (0.073)
Variety in Job 4.315 4.195 0.119 (0.061) 0.129 (0.061)
Sample Size 257 1095

Notes: From 2006 Skills Survey. The questions &k f@erformance is "How important is this task imf@ening your current job’ which are 1 “not at atiportant’, 2 "not very

important’, 3 “fairly important’, 4 “very impomé&, 5 “essential’. The regression corrected dapdardises for age, age squared, gender, regibathnicity.
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Table5: Top Ten Occupations- College Only and Postgraduates

US, March 2010, 497 Detailed Occupations

College Only Postgraduates
Top 10 Occupations Share (%) Top 10 Occupations reSBa)

1. Elementary and middle school teachers 4.6 Iné&teary and middle school teachers 8.2
2. Managers, all other 3.6 2. Lawyers, judges, magistrates and other igidic 6.7

3. Accountants and auditors 3.3 3. Postsecondary teachers 6.1

4. Chief executives 2.3 4. Physicians and surgeons 4.7

5. First-line supervisors/managers of retail saleskers 2.2 5. Secondary school teachers 3.6

6. Secondary school teachers 1.9 6. Managers, all other 35

7. Computer software engineers 1.9 7. Education administrators 2.9

8. Retail salespersons 1.8 8. Chief executives 25

9. Secretaries and administrative assistants 1.8 Computer software engineers 2.3
10. Financial managers 1.7 10. Accountants and auditors 2.1
Share of top 10 25.1 42.6

GB, 2010, 353 Detailed Occupations
College Only Postgraduates
Top 10 Occupations Share (%) Top 10 Occupations reSBg)

1. Primary and nursery education teaching profesdso 51 1. Secondary education teaching profeatsion 125
2. Marketing and sales managers 4.5 2. Primary and nursery education teaching peif@als 7.1
3. Nurses 3.6 3. Higher education teaching professionals 4.7
4. Software professionals 3.2 4. Medical practitioners 4.0

5. Information and communications technology marege 3.1 5. Software professionals 2.8

6. Secondary education teaching professionals 3.0 . Maéketing and sales managers 2.6

7. Financial managers 2.4 7. Information and communications technologyaugers 2.3
8. Production works and maintenance managers 2.3 MaBagement consultants, actuaries, economiststatigdticians 2.1
9. Solicitors and lawyers, judges and coroners 1.7 9. Bioscientists and biochemists 2.0
10. Educational assistants 1.6 10. Solicitors and lawyers, judges and coroners 1.6
Share of top 10 30.5 Share of top 10 41.7

Notes: US source March 2010 Current Population&grGB source 2010 Labour Force Survey. For warkgied 26-60 with 0-39 years of potential expegenc
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Table 6: Estimates of the Relationship Between Changesin Employment Sharesand Changesin Computer Usage Across I ndustries

United States, 215 Industries

(1]

[2]

Change in Post- College Some  High School High School Post- College Some  High School High School
Employment Shares, Graduates  Only College Graduates Dropouts Graduates  Only College Graduates Dropouts
1989-2008
Change in Computer 0.080 0.005 -0.046 -0.096 0.057 0.105 0.026 -0.080 -0.142 0.090
Use, 1984-2003 (0.022) (0.026)  (0.028) (0.036) (0.025) (0.019) (0.025) (0.024) (0.029) (0.020)
Computer Use, 1984 0.005 0.004 -0.007 -0.009 0.007
(0.001) (0.001)  (0.001) (0.001) (0.001)
R-Squared 0.06 0.06 0.01 0.02 0.02 0.30 0.12 0.29 340 0.36
Great Britain, 51 Industries
3] [4]
Change in Post- College  Interm- Interm- No Post- College Interm- Interm- No
Employment Shares, Graduates  Only ediate 1 ediate 2 Qualifications Graduates  Only ediate 1 ediate 2 Qualifications
1996-2008
Change in Computer 0.094 0.037 -0.234 0.181 -0.078 0.133 0.055 -0.238 0.088 -0.037
Use, 1992-2006 (0.039) (0.052)  (0.057) (0.093) (0.043) (0.033) (0.053)  (0.058) (0.079) (0.038)
Computer Use, 1992 0.009 0.004 -0.001 -0.021 0.009
(0.002) (0.003)  (0.003) (0.004) (0.002)
R-Squared 0.11 0.01 0.26 0.07 0.06 0.39 0.05 0.26 370 0.33

Notes: Standard errors in parentheses. All chaagesinnualised. US employment shares are from388 and 2008 Merged Outgoing Rotation Groups ofGRS; US
computer usage from the 1984 and 2003 October GBRmployment shares from the 1986 and 2008 LFSc@Bputer usage is from the 2006 Skills Surveythrdl992
Employment in Britain.. All regressions weightedthg average employment share in total industrysayes across the two years.
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Table 7: Sub-Period Analysisand Complex/Basic Computer Usein US Industries

United States, 215 Industries

(1]

Change in Employment Shares, 1989-1998

Post-Grasluat College Only

Some College

High School Graduatedigh School Dropouts

Change in Computer Use, 1984-1993 0.073 0.029 -0.011 -0.144 0.048
(0.016) (0.023) (0.025) (0.028) (0.018)

Computer Use, 1984 0.003 0.006 -0.005 -0.012 0.007
(0.001) (0.001) (0.001) (0.002) (0.001)

R-Squared 0.17 0.11 0.07 0.34 0.26

(2]

Change in Employment Shares, 1998-2008

Post-Grasluat College Only

Some College

High School Graduatedigh School Dropouts

Change in Computer Use, 1993-2003 0.062 0.053 -0.050 -0.084 0.019
(0.019) (0.026) (0.028) (0.030) (0.021)

Computer Use, 1993 0.005 0.003 -0.007 -0.005 0.004
(0.001) (0.001) (0.001) (0.001) (0.001)

R-Squared 0.20 0.04 0.20 0.09 0.09

3]

Change in Employment Shares, 1998-2008

Post-Grasluat College Only

Some College

High School Graduatedigh School Dropouts

Change in Complex Computer Use, 1993-2003 0.100 0.040 -0.087 -0.083 0.030
(0.044) (0.062) (0.065) (0.071) (0.050)
Change in Basic Computer Use, 1993-2003 0.065 0.055 -0.052 -0.082 0.014
(0.020) (0.028) (0.029) (0.032) (0.022)
Complex Computer Use, 1993 0.012 0.004 -0.014 -0.003 0.001
(0.002) (0.003) (0.003) (0.003) (0.002)
Basic Computer Use, 1993 0.003 0.003 -0.005 -0.005 0.005
(0.001) (0.001) (0.001) (0.001) (0.001)
R-Squared 0.25 0.05 0.22 0.09 0.13

Notes: Standard errors in parentheses. All chaageannualised. US employment shares are froma8@ and 2008 Merged Outgoing Rotation Groups ofdR&; US computer usage from
the 1993 and 2003 October CPS. Complex computegpeusafor programming. Basic computer usage isthkér computer use. All regressions weighted byatrerage employment share in
total industry averaged across the two years.
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Table8:
US-GB Cross-Country Industry Correlations

Levels Within-Industry Changes
Employment Shares
Postgraduates 0.93 (p =0.00) 0.65 (p = 0.00)
College Only 0.87 (p =0.00) 0.64 (p = 0.00)
Less Than College 0.92 (p =0.00) 0.59 (p = 0.00)
Computerization
Computer Use 0.86 (p = 0.00) 0.58 (p = 0.00)

Notes: Pearson correlation coefficients with pdesalin parentheses. Based on the same 49 induestriess the two countries. Less
than college is some college, high school graduatdshigh school drop outs in the US and intermediaintermediate 2 and no
qualifications in GB.
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Table 9: Estimates of US Cost Share Equations,
NIPA ICT Investment, 52 Industries

Change in Wage Bill Shares, 1989-2008 Post-Graduates College Only Some College High School High School
Graduates Dropouts
Cly 0.038 0.023 -0.038 -0.049 0.026
(0.010) (0.010) (0.009) (0.013) (0.010)
Change in log(K), 1989-2008 0.009 0.030 -0.006 -0.036 0.003
(0.017) (0.018) (0.017) (0.024) (0.018)
Change in log(Y), 1989-2008 -0.010 0.000 -0.024 0.023 0.011
(0.009) (0.009) (0.008) (0.012) (0.009)
R-Squared 0.26 0.22 0.52 0.26 0.24

Notes: Standard errors in parentheses. All regyassiveighted by the average wage bill share id botlustry averaged across the two years. All gearare annualised.
US wage bill shares are from the 1989 and 2008 &tefgutgoing Rotation Groups of the CPS; US compugage from the 1984 and 2003 October CPS. Cltieishare
of IT investment in value added. NIPA real IT intrasnt (Cl), real non-ICT capital stock (K) and rgabss value added (Y) data are for non-resideptigate fixed assets
measured in millions of US dollars in 2005 pricé®eal IT investment, real non-ICT capital stock agal gross value added data measured as 5 yemgase The NIPA

data are for the private sector only so industsigls high government employment (education andthesdrvices) are excluded.
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Data Appendix

1. Basic Processing of the March CPS Data

We use the March Current Population Survey from4186 2011 (corresponding to
earnings years 1963 to 2010 as earnings datatcefiee previous year). Our basic sample
consists of workers with 0 to 39 years of poterdigberience. Hours are measured using
usual hours worked in the previous yeaull-time weekly earnings are calculated as the
logarithm of annual earnings over weeks worked figi-time, full-year workers.
Allocated earnings observations are excluded gikample year) 1966 using family
earnings allocation flags (1964 to 1975) or indial earnings allocation flags (1976
onwards).Weights are used in all calculations. -Eoie earnings are weighted by the
product of the CPS sampling weight and weeks workdddwage and salary income
before March 1988 was reported in a single varjablleich was top-coded at values
between $50,000 and $99,999 in years 1964 to 1B8llowing Katz and Murphy
(1992), we multiply the top-coded earnings valuelldy, From 1989 onwards, wage and
salary incomes were collected in two separate egsnivariables, corresponding to
primary and secondary labour earnings. After adjgstor top-coding, we sum these
values to calculate total wage and salary earniRgbowing Autor, Katz and Kearney
(2008), top-codes are handled as follows. For ttrgry earnings variable, top-coded
values are reported at the top-code maximum u@85.1We multiply these values by
1.5. Starting in 1996, top-coded primary earninglsi®@s are assigned the mean of all top-
coded earners. In these cases, we reassign treodept value and multiply by 1.5. For
the secondary earnings value, the top-coded maxinsuset at 99,999 from 1988 to
1995, falls to 25,000 for 1996 through 2002, ameésito 35,000 in 2003 through 2006.
Again, we use the top-coded value multiplied by. Earnings numbers are deflated
using the PCE deflator.

2. Basic Processing of the LFS Data

We mainly use the 1996 to 2010 Quarterly Labourc&®urveys (although earlier data
back to 1993 is used in Figure 2 and combined Githeral Household Survey data back
to 1977). The reason for starting in 1996 is thadrpo that the LFS does not include
Post-Graduate Certificates in Education (PGCEs)hie higher degree qualification
category (see the education variable definitionw)e Our main sample consists of
workers with 0 to 39 years of potential experiendée exclude all respondents from
Northern Ireland Full-time weekly earnings are calculated as thefiblgm of weekly
earnings for all full-time workers. Hours are maasl using total hours worked in main
job plus usual hours of paid overtime. Weights ased in all calculations. Full-time
earnings are weighted by LFS person weights. Egsnimumbers are deflated using the
RPI deflator.

3. Coding of Education and Potential Experience inGRS and LFS Data

For the CPS data, we construct consistent edueaticategories using the method
proposed by Jaeger (1997). For the pre 1992 edwucatiestion, we defined high school
dropouts as those with fewer than twelve years ahmeted schooling; high school
graduates as those having twelve years of compéetenbling; some college attendees as
those with any schooling beyond twelve years (cetepl or not) and less than sixteen
completed years; college-only graduates as thosle sixteen or seventeen years of
completed schooling and postgraduates with eight@emmore years of completed
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schooling. In samples coded with the post Cens@2 ¥8vised education question, we
define high school dropouts as those with fewemtiaelve years of completed
schooling; high school graduates as those witheeitfwelve completed years of
schooling and/or a high school diploma or G.E.[Dms college as those attending some
college or holding an associate’s degree; collegg as those with a bachelor degree;
and postgraduate as a masters, professional ardtetdegree.

For the LFS, we use the highest qualification J@eao construct consistent education
categories over time. For postgraduates this ctaneisthose with a higher degree; for
college only it is those with an NVQ level 5 oriest degree; for intermediate 1 this
consists of those with other degree, an NVQ level diploma in higher education or a
teaching qualification; for intermediate 2 it iseeything else except those with no
gualifications.

To ensure we have enough postgraduates in thesssalye further restrict our analysis
to cover individuals aged 26 and higher. For thgewagressions, we consider ages 26 to
60 and for our relative supply measures, we consiges 26 to 65.

To calculate potential experience in the CPS datatfe years coded with the 1992
revised education question, we use figures fronk P894) to assign years of completed
education to each worker based upon race, genuehighest degree held. For the other
CPS years, years of potential experience were leddtlias age minus assigned years of
education minus 6, rounded down to the neareggentealue. For GB years of potential
experience were calculated as age minus age lefinfie education.

4. Construction of the Relative Wage Series

We calculate composition-adjusted relative wagesral and by age and experience
using the CPS and LFS samples described abovejdexglthe self-employed. The data
are sorted into gender-education-experience grbapsd on a breakdown of the data by
gender, the five education categories describedregband four potential experience
categories (0-9, 10-19, 20-29, and 30 plus). Wdigirevages separately by sex and
experience groups. Hence, we estinaght separate regressions for each year including
education and a linear experience variable (as aglfor broad region and raceher
(composition-adjusted) mean log wage for each efftiity groups in a given year is the
predicted log wage from these regressions for egelvant education grouphese wages
are then weighted by the hours shares of each dovupe whole time period.

5. Construction of the Relative Supply Measures

We calculate relative supply measures using the €&ple above. We form a labour
quantity sample equal to total hours worked byeatployed workers (including those in
self-employment) age 26 to 65 with 0 to 39 yearpatential experience in 400 gender,
education and potential experience cells: expegigmnoups are single-year categories of 0
to 39 years; education groups are high school drpploigh school graduate, some
college, college graduate, and postgraduate. Tientqy data are merged to a
corresponding price sample containing real medrtifoe weekly wages by year, gender,
potential experience, and education. (Wage datd fmsethe price sample correspond to
the earnings samples described above.) FollowingrAlKatz and Kearny (2008), wages
in each of the 400 earnings cells in each yeanarmalized to a relative wage measure
by dividing each by the wage of high school graduatles with ten years of potential
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experience in the contemporaneous year. We congutefficiency unit” measure for
each gender experience-education cell as the aitbrmean of the relative wage
measure in that cell over 1963 through 2010. Thantity and price samples are
combined to calculate relative log education sigsplWe define the efficiency units of
labour supply of a gender by education by poterdiglerience group in yearas the
efficiency unit wage measure multiplied by the grswquantity of labour supply in year

We calculate aggregate postgraduate equivalenutagoply as the total efficiency units
of labour supplied by postgraduate workers. We utate the college-only equivalent
labour supply as the total efficiency units of labsupplied by college only workers plus
30 percent of the efficiency units of labour sueg@liby workers with some college.
Similarly, aggregate high school equivalent labsupply is the sum of efficiency units
supplied by high school or lower workers, plus &dcegntf of the efficiency units supplied
by workers with some college. Hence, the collegg/bigh school log relative supply
index is the natural logarithm of the ratio of egié-only equivalent to non-college
equivalent labour supply (in efficiency units) iach year. This measure is calculated
overall for each year and by ten-year potentiakegnce groupings.

6. The Industry Level MORG CPS Data and the LFS Data

For the US industry level analysis, we use the Mér@utgoing Rotation Groups for
1989 and 2008 for all employed workers. An induseyel crosswalk was generated
between the 1980 Census and the 2002 NAICS industigs to generate 215 common
industrial categories. This is available from thehars on request. Education groups are
coded based on the method described above and hithgghares are measured by
summing worker gross weekly wages by educationmrowustry and year. Top coded
weekly wage observations are multiplied by 1.5. ilirly, employment shares are
constructed by summing all workers by educatiorugrandustry and year.

For GB we use the Quarterly Labour Force Surveylf#86 and 2008 for all employed
workers. The Labour Force Survey data uses thedigiv-1992 Standard Industrial
Classification throughout the period but changesthiie 2007 Standard Industrial
Classification in 2009. Education categories ardedobased on the method described
above. Wage bill shares are measured by summimgewgross weekly wages in the
main job by group, industry and year. Again, empient shares are constructed in an
analogous way to the wage bill shares.

7. The Computer Use Data

The US computer use data are taken from the Octiif&t and 2003 CPS supplements,
whilst the GB computer use data are taken froml8%2 Employment in Britain Survey
and the 2006 Skills Survey. All samples consisalbemployees. CPS computer use is
derived from the question ‘Do you use a computeraek?’ whilst in the EIB and the SS
this question is 'Does your job involve the use aafmputerised or automated
equipment?’. The GB data here require the generatioa 1980 SIC to 1996 SIC
industry crosswalk to generate 51 consistent imthsstThis is available from the authors
on request. The CPS complex computer use variahdenved from the 1993 and 2003
CPS computer use supplements from the questiothelscomputer at work used for
computer programming?’ The basic computer use blris for all other computer use
other than programming. Other questions for workngoter use that are comparable
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across the 1993 and 2003 CPS are for word proggdssktop publishing,
internet/email, calendar/scheduling, graphics/desigread sheets/databases and other
computer use.

8. The Investment, Capital Stock and Value Added Data

The US data for investment, capital stock and valdeéed are taken from the National
Income and Product Accounts made available thrabglBureau of Economic Analysis.
NIPA real investment, capital stock and gross valdded data are for non-residential
private fixed assets measured in millions of USatselin 2005 prices. The investment
and capital stock data are taken from the fixedetassccounts. IT investment is
investment in mainframe computers, personal computirect access storages devices,
printers, terminals, tape drives, storage devisgstem integrators and software. Total
investment is investment in all total equipmentc(aging structures). Non-ICT capital
stock is the capital stock of structures. Real @aadded is taken from the gross-
domestic-product by industry accounts. Real investmreal non-ICT capital stock and
real gross value added data are measured as awerages.

9. The Skills Survey Job Tasks Data

The 2006 Skills Survey contains questions on taskfopmance and educational
gualifications for over 2,467 working men and womd&espondents are asked the
question "How important is this task in performymur current job’ which are 1 "not at
all important’, 2 "not very important’, 3 ‘fairlymportant’, 4 ‘very important’, 5
“essential’. We define postgraduate workers asngeaiMasters or PhD and college only
workers as having a university or CNAA degree.
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