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Abstract

This paper constructs quality adjusted productivity indices for the tertiary education sector. It
proposes a number of methods for making quality adjustments to measures of labour and
multifactor productivity and applies those to the public tertiary sector in New Zealand over
2000-15. Quality-adjusted productivity measures for teaching across the tertiary sector as a
whole are produced as well as measures of research productivity for universities. Our evidence
suggests that quality adjustment, to both inputs and outputs, can make substantial differences
to conclusions about productivity trends over 2000-15. In the case of tertiary teaching
productivity, adjusting student numbers for the completion of qualifications suggests positive,
rather than zero, productivity growth in the sector, largely driven by an expansion in non-
university providers. In the case of research productivity (universities only) weighting research
output for citations amplifies measures of productivity growth following the introduction of
the Performance Based Research Funding (PBRF) regime. Especially important, but rarely
discussed, components of those adjustment are (i) methods of deflating financial variables
within some tertiary productivity measures; and (ii) how universities allocate resources
between teaching and research.
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" New Zealand Productivity Commission
* Independent researcher



1. Introduction

Over the last decade or so national accounting statisticians and others have made significant
progress towards developing techniques for measuring public sector productivity.! But, at least
compared to the private or ‘measured’ sector, this is still a developing field with a lack of
international consensus on key questions. The difficulty arises partly from a paucity of market
prices in the public sector, which can act as a measure of value, or willingness to pay, and as a
means of aggregating output or input volumes. The ‘missing prices’ mean some other approach
is required to combine (or weight) diverse inputs and outputs into indices.

For many years the default position in measuring the output of the public sector assumed
that the growth rate of output equals the growth of inputs, hence rendering any consideration of
productivity moot. However, since the work of Atkinson (2005a, b), and the Office for National
Statistics (ONS) in the UK, various developments have sought to (a) allow separate
measurement of inputs and outputs; and (b) capture quality changes within productivity
measures.

A recent OECD survey (Lau et al., 2017) identified that only 5 of 16 countries that measure
public sector productivity make use of quality adjustment (and another 16 do not measure it at
all). Hungary, Ireland, the Slovak Republic and the United Kingdom apply quality adjustments
to output data, while New Zealand applies quality adjustment to some input measures (Lau,
Lonti and Schultz, 2017, p. 192). Where methods to include quality dimensions have been
pursued, these have mostly been for public sector health and education, the latter typically
focusing on schools. Indeed, more generally, tertiary education has received much less attention
than schools in measuring productivity. This in part reflects difficulties accommodating the
more multi-faceted nature of tertiary output — teaching and learning at all tertiary level
institutions and the research outputs of universities — as well as a variety of public and private
sector inputs.

For New Zealand, the most comprehensive attempt to assess efficiency and quality effects
in tertiary education is Smart (2009), covering tertiary institutions over the period to 2006.
Based on data envelopment analysis (DEA), for universities he concludes: ‘analysis of
university productive efficiency ... showed that, on average, New Zealand universities have not
improved their total factor productivity at the same rate as Australian universities.
Encouragingly, there were signs of improved performance in a number of New Zealand
universities in the last two years of the analysis, mainly as a result of increased research output
which is potentially associated with the introduction of the PBRF [Performance Based
Research Framework]’ Smart (2009, p.313). For polytechnics, Smart (2009, p.11) noted that
polytechnics ‘that had low levels of bachelor’s degree provision ... achieved higher levels of

1 For an earlier discussion of measurement in the public sector see McGrath (1999). Dunleavy (2016) provides a
concise recent overview.



pure technical efficiency ...[and] that several polytechnics could improve their technical
efficiency by reducing their scale of operations’.

Although it is often recognised that public services involve multiple hard-to-measure
outputs, for school-level education, pupil attainment is commonly treated as the dominant
output or outcome. Of course, ‘attainment’ itself may be regarded as multidimensional, but in
performance statistics it is generally proxied by a single indicator such as exam performance or
qualifications achieved. For university education in particular this is compounded by the
additional output dimension associated with research activity which cannot be ignored.

In this paper we provide new productivity estimates across the tertiary education sector in
New Zealand over the period 2000-15, based on a variety of indices of teaching and research
‘quality’ to adjust both output and input quantities. 2 In addition to more standard quality
adjustments used in schools productivity measurement (see Gemmell et al., 2017), our approach
also incorporates proxies for both teaching and research quality based on qualification
completions, salary premiums and research assessment results. We also argue that the choice
of price deflator for tertiary education — used for example in national account measures of real
tertiary output — is not straightforward when quality changes are difficult to observe. This can
have a crucial effect on estimated tertiary sector productivity trends.

Before proceeding, it is useful to recall Atkinson’s (2005a) warning regarding the reliability
of government sector productivity measures such as those pursued here. He noted:

“...the direct approach to the measurement of government output yields an implied measure
of ‘government productivity’. It is a residual. However, there is clearly a risk that the residual
will behave in unexpected ways and that it will be dominated by the vagaries of the two
measured variables. This implied measure may or may not be consistent with independent
evidence on the productivity performance of the public sector. The national accounts
necessarily reduce productivity measurement to a single number, and this aggregate statistic
may need to be supplemented by richer information. ... to obtain independent evidence on
productivity, as part of a process of ‘triangulation’.” (Atkinson, 2005a, p.51).

Pursuing other ‘independent evidence’ on tertiary sector productivity is beyond the scope of
this paper, though relevant aspects for New Zealand affecting both productivity specifically and
education performance more generally are discussed in New Zealand Productivity Commission
(NZPC, 2017). For example, as they note, ‘course and qualification completion rates, and
graduate salaries and employment rates —are not reliably good indicators of provider or system
performance, because they are not adjusted for differences in the student intake’ (NZPC, 2017,
p.248). While such differences in student intake are clearly an important aspect of productivity
measurement across institutions (‘providers’), it should be less of a concern when examining
the evolution of the tertiary system as a whole over time, unless the nature of the aggregate

intake were to have changed substantively over the relevant period.

2 In this study we focus on the measurement of productivity trends. For a discussion of the potential impacts on
productivity of innovations in the tertiary sector, see New Zealand Productivity Commission (2017).



We stress at the outset that our key objective is not to identify ‘the best” overall measure of
quality or productivity in tertiary education, nor indeed to produce ‘final’ estimates. Rather it
is to examine the sensitivity of tertiary sector productivity to the inclusion of a quality
dimension, and to identify how far different quality adjustments yield similar or diverse
productivity trends. Establishing such an evidence base is clearly important as a starting point
for any policy advice aimed at raising tertiary sector productivity.

The remainder of the paper is organised as follows. Section 2 describes current approaches
used to estimate productivity, or performance more broadly, in the education sector including
those at more aggregate national accounting levels and more micro-based estimates for parts of
the sector such as schools. This section also focuses on how quality adjustments in particular
have been applied. The specific productivity measures we develop for the New Zealand tertiary
sector are discussed in Section 3.

Sections 4 and 5 then report our estimates for 2000-15 of quality adjusted productivity in
tertiary teaching-related activities and in university research activities respectively. We report
values for both labour, and multifactor, productivity. The various teaching and research indices
are brought together in section 6 to examine overall productivity trends in the university sector,
while section 7 reports on the sensitivity of results to the choice of price deflator. Section 8
concludes.

2.  Measuring Education Sector Productivity
2.1 National Accounting Measures

At the aggregate or industry level, Statistics New Zealand (SNZ) regularly publishes
estimates for two ‘industries’: education and training; and healthcare and social assistance, as
part of their annual releases of industry productivity measures. For other public services, SNZ
consider that: ‘defining output in collective services, such as police or fire services, is still a
difficult task’ (Tipper, 2013, p.3).

The SNZ approach follows that increasingly adopted in international practice with output
measures based on a chain-volume value added approach (with annually updated component
weights), designed to overcome the absence of market prices in these industries; see SNZ
(2013). To the extent that there are activities within those industries which are unmeasured,
growth rates are assumed to be the same as those of the measured activities. Clearly, the larger
is the former relative to the latter, the less reliable this approach is likely to be. Different outputs
are combined using cost weights, updated annually.® These weights are available for most types
of education and healthcare but reflect the value placed on the good or service by the producer
(usually government) rather than the consumer.

3 For further discussion on the use of unit costs as weights reflecting the marginal social value of outputs see
Dawson et al. (2005).



In the case of inputs, labour and capital measures are combined, with labour input reflecting
hours paid, and capital input estimated via a user cost of capital concept applied to the total
industry capital stock.* Across the New Zealand education and training sector overall, the
tertiary sub-sector represents around one-third of output; the schools sector accounts for 50%;
with 16% in remaining sectors (preschool; adult, community and other education).’ These sub-
sector outputs are combined based on the cost-weighted number of equivalent full-time
students (EFTS) with cost weights derived from financial data on expenditures for each
activity.

However, some education activities are not measured (such as research), and in these cases
output growth rates are assumed to match those of measured educational activities. For
universities this assumption is obviously highly material and of unknown accuracy. Indeed, our
results in section 6 suggest the possibility that improvements in quality-adjusted research
productivity in universities have occurred in association with concurrent declines in teaching
productivity. In addition, both basic and quality adjusted productivity measures that are based
on student achievement as their output metric can potentially mislead because they fail to
account for the ‘entry level’ of student learning, such that value-added cannot be identified.

2.2 Approaches to Education Sector Performance Measurement

At the micro or institutional level, data envelopment analysis (DEA) and stochastic frontier
analysis (SFA) techniques have increasingly been used to assess the performance of both
schools and tertiary institutions. Factors studied have included ownership type, single-sex/co-
education, location and scale. Alexander and Jaforullah (2005), Alexander et al. (2007), and
Harrison and Rouse (2014) provide examples of DEAs for schools.

For tertiary education, Johnes and Johnes (2009) apply an SFA to UK universities, while
Smart (2009, 2009a) and Margaritis and Smart (2011) apply DEA to New Zealand (NZ)
universities. The latter found that productivity growth of NZ universities between 1997 and
2005 was lower than that of the G8 groups of countries and newer universities in Australia.
They also argued that the introduction of the Performance Based Research Fund (PBRF)
stimulated productivity improvements in the NZ university sector, mainly via increased
research output.’

4 An exogenously given rate of return of 4% is applied to all industries in estimates of the user cost of capital; see
Macgibbon (2010).

5 The market component of these services was 13% (made up of 5% in preschool education, 0% in school
education, 3% in tertiary education and 5% in adult education).

6 The extent to which teaching-learning and research are complements or substitutes and/or experience economies

of scale is also subject to debate but potentially important for measures of tertiary productivity; see NZPC (2017,
chapter 2) for discussion of this literature, and Barrett and Milbourne (2012) for Australian evidence.

7 Other studies include Doucouliagos and Abbott (2007) and Abbott and Doucouliagos (2009). They showed that
New Zealand enrolments of overseas students appeared to have had no effect on technical efficiency, which
contrasted with evidence from Australian universities. Talukder (2011) found that private providers experienced



More recent analysis of PBRF results up to 2012 has been undertaken by Smart (2013) and
Smart and Engler (2013) with the former concluding that ‘although we cannot imply causation,
the improvement in bibliometric performance by New Zealand tertiary education institutions
has coincided with the introduction of the PBRF’ (Smart, 2013, p.27).2 More recently, Buckle
and Creedy’s (2017a) analysis of the 2003-12 PBRF process examined bibliometric versus
peer-reviewed based methods of assessing research output. They argue that peer-reviewed
based measures of researcher quality have advantages and, in Buckle and Creedy (2017), find
a marked increase in researcher quality in NZ universities which we argue is at least in part
attributable to the introduction of the PBRF.

These studies contribute helpful insights into the efficiency of tertiary production
technologies across institutions but, by their nature, cannot provide an overall picture of
productivity in the tertiary sector, nor trends over extended periods.® However, their results
suggest various metrics commonly associated with tertiary education performance or quality —
such as qualifications gained and research bibliometrics — that could potentially be used as
proxies for quality to adjust sector-wide productivity data. We pursue this in section 4. In the
next sub-section we summarise existing approaches to quality measurement, most of which
have been applied at the school, rather than tertiary, level.

Some basic tertiary productivity measures have been produced for New Zealand by NZPC
(2017), who conducted a major inquiry in 2016-17 into the performance of the NZ tertiary
sector, exploring trends and outcomes for the sector and component institutions. Using a labour
productivity measure based on student and staff FTEs, and capital productivity based on a
measure of ‘teaching assets’, NZPC (2017; see pp.226, 241) estimated productivity levels
across tertiary institutions for 2015. This suggested a wide cross-institution dispersion of
performance with labour productivity in the best performing institution around 4 times higher
than in the least productive (and 13 times higher for capital productivity). A time-series of basic
labour or capital productivity was not available however, and no formal quality adjustment to
those measures was attempted.

2.3 Quality Adjustments and Productivity Measurement

For the education sector in general, the presence or otherwise of quality adjustments has
been shown to play an important role in the interpretation of productivity data; see Maimaiti
and O’Mahony (2011). However, such adjustments can be complex and, as Schreyer and

larger MFP growth than public providers during 1999-2004, but experienced a sharper decline in MFP-growth
over 2005-10.

8 A somewhat different view for the economics discipline is offered by Anderson and Tressler (2013) who argue
that the PBRF has been associated with undoubted increases in economics research quantity per capita but a decline
in research quality per capita. Earlier studies attempting to compare the research output of economics departments
based on bibliometric information such as journal rankings include Bairam (1996, 1997) and Gibson (2000).

9 Smart (2009, p.132) does however provide evidence on output-to-input ratios for NZ polytechnics, 1996-2006.



Lequiller (2007) noted, information beyond that contained in the national accounts will
generally be needed. As quality is multi-dimensional, a single index is unlikely to be adequate.

In education, key quality adjustments can relate to inputs (e.g. teacher quality or student-
staff ratios), outputs (e.g. school inspectors or educational attainment) or outcomes (e.g. impact
on human capital). Most of these quality adjustments have been applied to school productivity
with applications to the tertiary sector much more limited; see Gemmell et al. (2017) for details.
Nevertheless various approaches to adjusting schools productivity to capture quality
dimensions have identified a number of variables, some of which are relevant at tertiary levels.

For example, teacher quality and class size have been suggested as important influences on
students’ educational progress, though the role of ‘congestion’ in class size effects is disputed,;
see, for example, Bowles et al. (2001), Rivkin et al. (2005), Hanushek and Rivkin (2006),
Collesi et al (2007), Leigh and Ryan (2008), and Kimbugwe, et al. (2009). The use of school
inspections and internationally comparable standardized test scores, such as PISA, have also
been advocated as possible inputs into quality adjustment; see Hanushek et al. (2010), Leigh
and Ryan (2011). At the tertiary level, such information is not generally available, but Huxley
et al. (2017) provide a recent attempt to evaluate the impact of class size on student experience
in UK universities.

An approach to quality adjustment which is equally relevant to both school and tertiary
institutions, draws on a human capital framework, in which education is viewed as an
investment with the payoff taking the form of higher expected future earnings. An advantage
of this approach is that it captures the outcomes of the education process in a single
economically interpretable form, though at the cost of excluding benefits not reflected in
earnings. Examples include Murray (2007), O’Mahony and Stevens (2009), Hanushek (2011)
and Barslund and O’Mahony (2012).

Of course, as Hanushek (2015) acknowledges, there are limitations to using expected
earnings as a measure of the value of education. Firstly, it can be influenced by selection bias,
where students enrolling in additional education are self-selecting. Secondly, historical average
earnings profiles for different levels of qualification (that also ignore heterogeneity around that
average) are typically used as the basis for assumed future earnings, but the past may not be a
good predictor of the future. Thirdly, any earnings premium is often attributed to education
when some part of this may have been due to innate ability, family background, health status,
subsequent employer-based training, and so on. To mitigate this some studies have used
earnings over a short, initial period (e.g. 5-10 years) following entry into the labour market.*

Finally, recent UK Office of National Statistics (ONS) experience illustrates the dangers of
adopting particular guality adjustment measures. They found that their approach to adjusting

10 A novel approach to assessing the quality of school education adopted by Black (1998) analysed the difference
in prices for equivalent houses in the same neighbourhood in Boston but which were in different school zones.
Gibson and Boe-Gibson (2014) apply a similar approach for Christchurch, New Zealand.



education outputs for quality had to be amended in response to substantive changes in the
numbers of students taking different forms of exam; see ONS (2015d), Caul (2014), Bridge
(2015). This had a material impact on quality-adjusted output. More generally, the significance
of the contribution of quality adjustment is evident from estimates of UK education sector
output growth. Over 1997-2011, Caul (2014) reports estimated education productivity growth
of 2.7% per annum on average, of which quality adjustments contributed 2.5 percentage points
(or 90%) of the total.

Unsurprisingly perhaps, the above review suggests that no single measure can capture the
full richness of the quality dimension of education sector productivity. Indeed, UK experience
indicates that quality metrics may have to adapt to changing circumstances. With a number of
imperfect proxies for quality improvement available, it will be crucial to test the sensitivity of
any adjustments to the particular quality metrics adopted for both inputs and outputs.

In section 4 the impacts of a number of different quality indices are therefore examined for
tertiary education. For teaching these including course completions and credits, and measures
of students’ expected future earnings. For research, we use publication citation rates and staff
input quality measures. The latter takes explicit account of PBRF-based staff quality
assessments, based in part on peer-review processes. In principle citation rates also could be
adjusted to capture peer-review assessments — for example by weighting citations by a measure
of the quality of the publication outlet in which they appear. However, this information is
neither readily available across disciplines nor uncontested within disciplines. Indeed it can be
argued that the citation rate for an author’s contribution is a preferable quality measure precisely
because it relies on judgements by the wider research community, rather than the investigator’s
prior value judgements regarding the quality of the outlet in which an author’s publication
appears.

3. Constructing Labour and Multifactor Productivity Measures

As with a number of other countries, data for aggregate tertiary sector-level productivity
calculations are generally available in the form of a number of output volume measures, e.g.
student FTEs; volume measures for some inputs such as labour; ‘value’ or ‘expenditure-based’
measures (price times volume) for a wider set of inputs, and indices capturing quality
dimensions to varying degrees. Where expenditure-based measures are used, or where nominal
value data are used to proxy for quality — such as qualification earnings premiums — suitable
deflators to derive comparable real values are also required.

Table 3.1 summarises the particular productivity measures, and the abbreviation symbols,
we will use throughout later sections to identity different types of measure. Their selection from
a broader conceptual group of possible measures discussed above has been dictated largely by
data availability. Almost all of the data are from publicly available sources including Statistics
New Zealand, the Ministry of Education (Education Counts), the Treasury and the annual



reports of the universities.* We stress again that our key objective here is not to identify ‘the
best’ overall measure of productivity in tertiary education, but to examine the sensitivity of
alternative productivity measures to inclusion of a quality dimension, and to identify how far
such adjustments yield similar or diverse productivity trends.

As Table 3.1 shows, for both teaching and research productivity measurement, we begin
with a ‘basic’ measure of labour productivity, labelled ‘Q/Lt’ or ‘Q/Lr’ (where T = teaching
and R = research) based on output and labour input quantities (volumes), from data on enrolled
student (Q) and staff FTEs (Lt or Lr). In addition, we have data on the total nominal value of
public expenditure on tertiary inputs, $E. This can be thought of as a proxy for the value of
multiple inputs used in the production of tertiary output and, as such, likely mainly captures the
inputs of capital (K), labour (L) and materials (M).

Hence, conceptually $E = wL+rK+mM; that is, the sum of labour, L, capital, K and material,
M, inputs, each weighted by their respective prices: w, r and m, though the available education
expenditure data do not identify this decomposition. Thus, after suitable deflation of $E to
obtain real values, E, a multifactor productivity measure, ‘Q/E’, can be obtained by dividing
output quantity by the real value of expenditure on tertiary inputs.

Subsequent productivity measures capture the quality-adjusted values of these inputs or
outputs by, for example, using our quality indices to measure ‘p’ in the expressions ‘pQ/L’,
‘PQ/WL’ or ‘pQ/E’, where WL represents labour costs by adjusting labour input for ‘quality’
using suitable wage rates, w; see Diewert (2017) for detailed discussion. Labour input quality
can be recognised by accounting for difference in the quality of university staff research, to
yield a better measure of research human capital (Hr).

Table 3.1 also shows that an overall (research plus teaching) productivity measure is
obtained as a weighted average of the two components, with weights given by the relative cost
of the respective expenditure items. Finally, as we discuss in a section 7, the issue of price
deflation of financial variables such as teaching and research expenditures, to obtain real values
over time is not straightforward. In most of our empirical results we use a general consumer
price index to deflate nominal values but test sensitivity of results to a tertiary education specific
price index in section 7.

Table 3.1 about here
4.  Teaching Productivity

This section presents estimates of teaching productivity in the tertiary sector. Initially, a
range of basic measures is presented; these are then modified to illustrate the impact of quality

11 Statistics New Zealand provided us with some additional data from the New Zealand Income Survey, and
Ministry of Education provided data for earlier years for some selected variables.



adjustments. An adjustment is first made on the input side. Then outputs are adjusted for
completion rates, before an adjustment for outcomes (lifetime earnings) is considered.

The tertiary sector is composed of universities, institutes of technology and polytechnics
(ITPs), and wananga.'? For universities we recognise both a teaching and research function,
whereas for ITPs and wananga we have assumed their total activity is devoted to teaching,
thereby ignoring a very small research component.*®

4.1  Overall numbers of students and staff by sub-sector

In the basic measures student FTE numbers are used as a proxy for output. These data are
shown in Table 4.1. For the years when student numbers were not capped (up until 2005) they
rose rapidly: FTESs rising by 44% between 2000 and 2005.

Table 4.1 about here

For the basic measures of teaching productivity, Table 4.2 shows Ministry of Education
(MoE) data on staff FTEs in the tertiary sector since 2000. A breakdown of these staff numbers
for different sub-sectors can be found in Appendix Table Al. To illustrate changes in the
composition of staff (as well as in the total) these data are decomposed by the MoE into separate
categories of: academic staff (excluding research-only staff in universities), non-academic staff
and university research staff. There are naturally limitation to this categorisation (e.g. non-
university organisations may have research staff, and university ‘academic’ teaching staff
typically undertake research). Nonetheless, the data for academic staff numbers in universities
provide a reasonable basis for some basic estimates of teaching productivity shown below.

Tertiary academic staff numbers grew at 1.2% pa over 2000-2015, while non-academic staff
grew at close to twice that rate (2.0%). Meanwhile, university research staff numbers increased
markedly over the period (growing at 3.3%), reflecting the growing importance of research in
tertiary funding. For example, Tertiary Education Commission data show that in 2015 research
income accounted for 22.4% of total university income, compared to 15.1% in 2004.

Table 4.2 shows the numbers of total academic, non-academic and research staff. Teaching
staff are defined as academic and non-academic staff FTEs. However in the case of universities
only, a fraction of academic and non-academic staff FTEs are defined as teaching-related. This
university component is described further in section 5.1

12 Wananga are tertiary education institutions offering learning in a Maori cultural context.

13 MoE-sourced data on staff numbers record a designated ‘research staff> category for universities but not for ITPs
and wananga.

14 MoE definitions of student and staff FTEs are given at https://www.educationcounts.govt.nz/data-services/glossary. For
students, this is ‘one equivalent full-time student (EFTS) unit is defined as the student workload that would normally be

carried out in a single academic year (or a 12-month period) by a student enrolled full-time’.

15 We assume here that 50% of academic FTEs are devoted to teaching (based on the 40:40 20 model of staff

time described below, but where staff administration time (20%) is allocated proportionately to teaching and
research. Non-academic staff FTEs are allocated to teaching and research activities in proportion to estimated
university expenditure on those activities. We test sensitivity to these allocation assumptions in section 7.



https://www.educationcounts.govt.nz/data-services/glossary

Table 4.2 about here

Table 4.3 provides estimates of real teaching expenditure for the three sub-sectors:
universities, ITPs and Wananga. This is treated as equivalent to total expenditure for ITPs and
Wananga, as for these sub-sectors it is assumed all expenditure relates to teaching. For
universities, an estimate of their total research funding was subtracted from total expenditure,
the balance providing an estimate of the teaching component. Details of this estimate are given
below in Section 5.3.2.

This estimate of teaching expenditure is likely to include some university overheads
potentially attributable to the research activity, such as maintenance of laboratories and other
research infrastructure.

Table 4.3 about here

4.2 Basic productivity measures for tertiary teaching

This section presents two basic measures: for labour productivity and multifactor
productivity. The basic measure of labour productivity is one that has been widely used in
productivity studies of education and is simply the number of student FTEs per teaching staff
FTE. Student FTEs are taken as a proxy for output. It is recognised that there are significant
limitations to this measure of output. Student numbers can vary with exogenous factors
including the state of the labour market or changes in government policies and funding. Student
FTEs per $m of teaching expenditure is treated as a basic indicator of multifactor productivity.

Table 4.4 presents annual values for the basic labour productivity index over 2000-2015.1
Overall this suggests little change in productivity despite the earlier years being influenced by
the estimates for Wananga which started from a very low base. In general productivity growth
slowed markedly after around 2009. As the data in Tables 4.1 and 4.2 on student and staff FTEs
make clear, this productivity decline essentially began following the large rise in student FTEs
during 2000-03, which then shrank from around 265,000 in 2004 to around 232,000 in 2015,
mainly in ITPs and Wananga. Meanwhile tertiary staff FTEs continued to rise from 26,730 in
2003 to 29,395 in 2005, much of this in universities, though staff FTEs in ITPs remained
relatively constant despite student FTEs falling substantially over this period.

Table 4.4, and subsequent tables, split the fifteen year period at 2008 (after which economy-
wide productivity growth rates declined). The slowdown in labour productivity is reflected in
negative growth rates for 2008-15. Table 4.5 suggests that basic multifactor productivity trends
were generally similar to those for labour productivity, with all three sub-sectors in this case
experiencing positive (or zero), then negative, productivity growth in 2000-08 and 2008-15
respectively.

16 NZPC (2017; ch.8) provide some evidence on basic measures of labour and capital productivity across tertiary
institutions for 2015. The former is measured by student FTES per teaching staff FTE; the latter is measured
using the value of ‘teaching assets’.

10



Tables 4.4 and 4.5 about here

The central question arising from these basic productivity measures is whether there has
been a genuine underlying fall in productivity as might be suggested by these results, or is the
apparent decline in productivity over the fifteen year period a reflection of shortcomings in the
measurement of inputs and outputs. To address this the next sub-sections consider adjustments
to inputs and outputs by which it is hoped that the resulting productivity indices provide more
complete, but previously unmeasured, trends in productivity.

4.3.1 Inputs

Ideally, teaching input should be adjusted for changes in teacher quality over time. Chalmers
(2008) describes a project for the development and implementation of agreed indicators of
teaching quality in Australian universities. Such metrics are an essential ingredient in any
system of rewards for quality teaching.” However, there are no data at the aggregate level that
would allow such an adjustment in the present study. Instead, the approach taken in this study
Is to adjust the labour input for salaries which at a minimum captures changes in labour
composition between different skill or experience (salary) levels such as professors, junior
lecturers, administrators etc.

Following York (2010), the approach taken was to create an adjusted teacher input defined
as full-time teacher equivalents by type of tertiary institution (TI) weighted by mean teacher
salary in each T1 type (Y wiLi where w; is the mean salary in the it T1 type). This adjustment,
involving disaggregation and cost weighting, is aimed at capturing changes over time in the
qualifications and experience of teaching staff. If for example there was a decline in the number
of older experienced teachers, say through retirement, and their replacement by new younger
staff at lower salaries, then the labour cost index, Y wilLi, would decline. However, the method
does not capture variations in teacher quality within a T type.

Using salaries as cost weights is a proxy for the market valuation of teaching services. As
Atkinson notes (2005, p.88), the appropriate measure is the marginal cost, i.e., the cost of
acquiring the services of an additional teacher. However, typically marginal measures are not
available and in most cases average costs are employed as a substitute, as in the present case.

4.3.2  Output

This section updates the basic output measure by first adding completed qualifications to the
measure of output. A second adjustment is made to reflect expected incomes associated with
different qualification levels.

7 Similarly, the UK Professional Standards Framework (UKPSF) — which is used by the Higher Education
Academy (HEA) as the basis for accreditation and professional recognition of university teachers — is attracting
participation in NZ.
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Completions are often seen as an important component of tertiary sector output. A tertiary
institution in which a significant proportion of those enrolled fail to complete their course of
study is unlikely to rank well in terms of productivity.'® To account for completions in the
measure of outputs, the sector is stratified into the three sub-sectors: universities, 1TPs and
Wananga. For each sub-sector ten levels of qualification were recognised. The completion
numbers for each qualification were then weighted by the number of credits assigned to each
based on New Zealand Qualifications Authority (NZQA) rankings.*

For example, a bachelors degree represents 360 credits, whereas an honours degree
represents an additional 90 credits while level 1-4 certificates (offered mainly by ITPs and
Wananga) represent 40 credits. The qualifications and their credits are set out in Table 4.6,
while the number of completions for each year and the weighted total are given in Table 4.7.
Of the total credit weighted qualification completions, universities represented 63%, ITPs 29%
and Wananga 8%.

Tables 4.6 and 4.7 about here

As noted, a further extension to the basic output measure is to account for the impact of
education outputs on outcomes. The focus below is on one particular outcome: lifetime, or early
career, earnings. Measures are constructed by weighting completed qualifications by an
estimate of the income earned by people with these qualification levels. Earnings are thus used
as an indicator of the stock of human capital; an approach that has been widely used in
evaluating the returns to education.? Of course, there is extensive debate over whether, and
how far, earnings differences observed for individuals with different qualifications can truly be
attributed to that specific education. In this sense our resulting productivity estimates should be
treated as measures based on quality-adjusted outcomes (earnings) associated with different
tertiary outputs (completions). The sources of those outcomes may at least partially lie
elsewhere.

In New Zealand, as elsewhere, returns to education qualifications are known to vary by age
and gender and, sometimes by age cohort (see, for example, Maani, 1996, 1999; Maani and
Malony, 2004; Zuccollo et al, 2013; MoE, 2016b). To identify possible income weights that
can be used to capture qualification premiums for different graduate types, we reviewed
previous relevant New Zealand and Australian studies and applied a standard earnings
regression model to census data for New Zealand covering 1981 to 2013. The underlying model
is described in Appendix B.

18 Jia and Maloney (2015) use administrative data from a large New Zealand university to empirically estimate the
determinants of both non-course completion outcomes among first year students, and non-retention outcomes in
the second year. They conclude that use of the predictive modelling tools that they develop could assist in targeting
students at risk of adverse outcomes and devise early intervention strategies.

19 See: www.nzga.govt.nz/assets/Studying-in-NZ/New-Zealand-Qualification-Framework/requirements-nzqf.pdf.
NZPC (2017, p.259) discuss completion rates by course and qualification, including data for 2009-14.

20 See for example Blundell et al. (2004).
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Results are summarised in Tables 4.8 and 4.9. The data sources used and studies summarised
cover a range of time periods and do not all use a consistent set of qualification categories.
Furthermore, other variables are held constant to varying degrees. However, Table 4.8 suggests
a fair amount of similarity across studies for approximately the same, albeit highly aggregated,
qualifications, estimated over a number of years. The final column of the table shows the simple
average of these estimates.

Tables 4.8 and 4.9 about here

In Table 4.9, the two right-hand columns show recent MoE (2016b) estimates of earnings
premiums across the more detailed qualification categories for which we have completions data.
The MoE data relate to incomes of employed graduates who remain in New Zealand and
represent median earnings at 1, 2, 3 ... 10 years following graduation. The table shows
premiums for 5 and 10 years, expressed relative to median bachelors degree earnings.

Taking account of both these data and the historical estimates shown in Table 4.8, it is clear
that no single set of weights takes obvious precedence, though MoE (2016b) provide the most
comprehensive estimates for our qualification categories. For this reason a range of different
weighting schemes was tested. These led to different levels of productivity, but the growth rates
were generally unaffected. As a default weighting scheme, we apply the earnings weights
shown in the left-hand column of Table 4.9, with the values in brackets examined for sensitivity.
The weights were applied to the credit weighted completions for each sub-sector. 2

In summary the results of the adjustments to teaching output are three measures: unweighted
completions; credit weighted completions; and credit and income weighted completions. These
measures are used in forming estimates of productivity growth rates reported in the next sub-
section, which were found to be insensitive to the particular weights adopted, largely because
bachelors degrees heavily dominate the completions qualification type.

4.4  Productivity measures for teaching incorporating quality adjustments

The measures of teaching productivity are summarised in Tables 4.10 and 4.11 for labour
and multifactor productivity, respectively.

In each case, the basic unadjusted measure of productivity growth over the study period is
shown in the first row. The striking result is that without exception, the quality adjusted
measures are all significantly larger. This applies across all sub-sectors and all measures,

2L Though diplomas and degrees dominate the qualifications and completions data, especially for universities, the
tertiary sector as a whole offers the full range of qualifications in Table 4.9. For example, Certificates 1-4 represent
almost 50% of unweighted completions in the tertiary sector, of which 94% were obtained at ITPs or wananga.
Examining sensitivity to changes in the weights for tertiary level qualifications above bachelors degree level had
very little effect on productivity outcomes largely because of the small share of qualifications above bachelors in
total qualification numbers within the dataset.
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underscoring the importance of quality adjustment when measuring productivity in the tertiary
sector.
Table 4.10 and 4.11 about here

4.3  Accounting for grade inflation

These estimates based on completions could be affected by grade inflation, which occurs
when progressively higher grades are awarded for assignments or examinations than would
have been awarded in the past for comparable performance.? The rate of completions could
also increase by simply allowing some students of lesser quality to graduate who might
otherwise have withdrawn.

Of course it is not clear that a change in the grade distribution over time necessarily provides
prima face evidence that grade inflation has occurred. An increased share of graduates with
higher average grades could be a reflection of the quality of new enrolees as indicated by their
pre-tertiary academic performance. Likewise, improved methods of teaching might have led to
superior performance (Bachan, 2017).

However, while there may be anecdotal evidence for grade inflation in New Zealand, we are
not aware of any of research based on longitudinal evidence.?® As a consequence, in considering
the possible impact of grade inflation, in what follows we have relied on estimates from
overseas studies. Obviously, this requires the untested assumption that the experience in other
countries is indicative of what may have happened in New Zealand.

Notwithstanding difficulties separating grade inflation effects from other sources of change
in student achievement (e.g. student intake quality, teaching efficiency), two recent studies,
Johnes and Soo (2015) and Bachan (2017), have sought to distinguish grade inflation effects
from efficiency changes and student intake capabilities.

Bachan (2017) reports that between 1995 and 2012, the proportion of UK students
graduating with a bachelor degree who were awarded first or upper second class honours rose
from 47.3% to 61.4%. After controlling for other factors, he finds a 9.6% increase in
qualifications over 2006-12 years, or 1.6% per year, which they argue could substantially reflect
grade inflation. Examining similar UK data for 2004-12 and using similar methods, Johnes and
Soo (2015) find little or no evidence of grade inflation in general but some limited support for
inflation towards the end of their period.

Anglin and Meng (2000) found that the proportion of students receiving A grades at Ontario
universities rose from 16.3% in 1974 to 21.0% in 1994, an annual average rate of increase of
1.27%. And in a comprehensive study for the US covering 80 colleges and universities for an

22 For an overview and discussion of consequences and remedies see Rosovsky and Hartley (2002). Kohn (2002)
offers a dissenting view, arguing against the prevalence of grade inflation.

23 Nevertheless, after analysing limited time-series evidence of increases over time in student grades at some New
Zealand universities NZPC (2017, p.258) concluded that ‘it is not possible to tell from this data whether these
changes result from grade inflation or from another cause such as higher entry standards or better teaching’.
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extended period, Rojstaczer and Healy (2010), found that GPA scores rose by 0.39% p.a. This
rate was the same for two different periods: 1935 to 2006 and 1983 to 2013. These results
suggest that while it appears some grade inflation did exist the rate remained stable over a long
period. Earlier, Juola (1980) found that across 180 colleges in the US, the GPA rose by 1.03%
p.a. between 1960 and 1974, and this rate of increase remained largely unchanged from 1974
to 1978.

In a survey of 4,000 undergraduates in the US, Levine and Cureton (1998) reported that the
proportion of A-grades or higher rose from 7% to 26% between 1967 and 1993, an annual
average increase of 5.2%; in contrast grades of C or below fell from 25 to 9%. In another survey
of over 52,000 students in the US, Kuh and Hu (1999) found that the GPA rose at an annual
average rate of 0.77% over 1984-87 to 1995-97. The average GPA at Harvard in 1890 was 2.27;
by 2004 it was 3.48, corresponding to an annual average rate of growth of 0.38%.

Summary and Weber (2012) reported that GPAs at Southern Missouri State University
increased from 2.6 in 1986 to 3.1 in 2005, corresponding to an annual average rate of growth
of 0.93%. But, using a frontier model with two outputs (GPAs and the information content of
the grades), they found no change in efficiency.

It must be acknowledged that the above results likely represent upper bounds on the impact
of grade inflation since they can only control for other factors to a limited extent. However,
based on these results it is possible to consider how rates of tertiary productivity growth in New
Zealand might change if we allow for possible grade inflation. From the sample of studies
summarised above a lower bound of 0.3%, and an upper bound of 0.9%, average annual change
would seem to encompass the range observed, but recognising that these may be maximum
effects given difficulties excluding other sources of grade improvement.

If we were to use those results to adjust the teaching productivity growth rate in the tertiary
sector of 1.8%, based on credit and income weighted completions per staff FTE (see Table
4.10), the range of this annual productivity growth rate would become from 0.9% to 1.5%. On
this basis, grade inflation might account for at most half a percentage point of average teaching
productivity growth rates.

Finally, it should be noted that unlike the case of inflation of prices, which (theoretically)
can continue without limit, qualification grades are generally capped so the result is simply
compression of the distribution. As a consequence, the factors that may have led to grade
inflation in the past might become muted as compression cannot continue indefinitely. To this
extent, the past may not be a good indicator of future trends.

5. Research Productivity

This section addresses the measurement of research productivity, and provides estimates of
university research productivity growth rates in New Zealand over 2000-15. Particular attention
IS given to assessing the possible implications for research productivity of the introduction of
the PBRF system for assessing research output and quality.
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As noted earlier, it has been assumed that teaching is the principal activity of the ITPs and
Wananga. As a consequence, the analysis of research productivity is focussed on the university
sector alone. To the extent that the databases on New Zealand research outputs capture research
outputs across all tertiary institutions, the approach taken here will tend to somewhat overstate
the level of university research output. However, if it is the case that that the extent of that
overstatement remains approximately constant over time, then the rate of research productivity
growth should be minimally affected.

The section starts by addressing the measurement of research output, and then presents
estimates of the basic unadjusted research productivity measures. This is followed by the
approaches taken to adjust for quality of both research inputs and outputs, and the section
concludes with adjusted measures of research productivity before and after the introduction of
the PBRF.

5.1 Measuring research output

Measuring the output of the university sector presents considerable challenges stemming
from the multi-product nature of the teaching and research activities. In addition to the
production of graduates (the teaching function) and the publication of new findings (the
research function) Pastor et al. (2015) identify a third dimension they label as knowledge
transfer. This arises from the contracts universities have with institutions and firms for the
transfer of research findings and consulting to provide technical assistance. In the present study,
we identify teaching and research outputs, leaving the third element to be subsumed in the other
two.

We focus on publication numbers and citations as the primary measures of output of the
research function. However, we recognise, as Wilsdon et al. (2015) argue in their wide-ranging
review of research assessment processes, that ‘metrics should support, not supplant, expert
judgement. Peer review is not perfect, but it is the least worst form of academic governance we
have, and should remain the primary basis for assessing research papers, proposals and
individuals, and for national assessment exercises’ (p. viii). To the extent that there are multiple
products of research, a limited ‘metrics’ approach risks understating the true output of research
activities. For example, patenting is an important product of research not adequately captures
by publications. Based on a synthesis of the literature, Pastor et al. (2015) conclude that the
empirical evidence is that publications and patenting are positively correlated. As a result,
estimates of the growth, if not the level, of productivity would not necessarily be understated..

Before proceeding, it is important to recognise that there is not typically a clear delineation
between the teaching and research activities; the boundary is blurred at best. To the extent that
there are research elements included in the teaching function, or teaching impacts on research,

%4 The PBRF process explicitly recognises, and evaluates, other research contributions, such as contributions to
the ‘research environment’ but these are less easily quantifiable in a way amenable to quality adjustment, have
differed in scope across PBRF rounds, and are likely to be highly correlated with research outputs.
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productivity estimates for research and teaching which ignore those interactions may be over-
or under-stated.

New Zealand universities (other than the University of Otago) do not publish breakdowns
of their total expenditure into teaching and research components. However, the MoE does
publish data on income received by tertiary institutions separated into teaching-related, research
and ‘other’ income.

We adopt the assumption that the allocation of expenditure to teaching and research activities
Is approximately equivalent to the income allocation between the two categories, and test
sensitivity to this assumption in section 7. Specifically, MoE data on income includes ‘tuition’,
‘student fees and charges’, ‘research income’ and ‘other income’ (e.g. interest, dividends).?
However, university staff funded from tuition and student fee income also devote time to
research. We therefore redefine income for teaching purposes as 40% of tuition and student fee
income. Adjusted research income is obtained by adding 40% of tuition/fee income to the MoE
research income category (with the remaining 20% of tuition/fee income added to ‘other
income’).? We apply the resulting percentages of teaching and ‘adjusted research income’ in
total income to data on total university real expenditure to obtain adjusted figures for real
university research and teaching expenditure. These are given in Table 5.1.

We turn now to measures of research output. Two sources have been used, both referring to
research outputs of New Zealand affiliated authors; see Table 5.2. The first, SCOPUS, lists the
number of citable publications, while the second, the Web of Science (WoS) covers articles,
books and book chapters. The table also shows the average of these two sources which has been
used in calculating research productivity.

Table 5.2 reports data from 1997 and growth rates are shown for PBRF sub-periods: pre-
2003, 2002-06 and 2006-15.2 While these data alone are insufficient to enable any conclusions
to be drawn about the impact of the PBRF on the quantity of research output, there is certainly
no indication here that the first PBRF (in 2003) was associated with subsequently increased
output growth, whereas post-2006 growth does appear somewhat higher than 2002-06.

Tables 5.1 - 5.4 about here

5.2 Basic and quality-adjusted productivity measures for university research

Basic measures of research productivity for the university sub-sector, using both labour and
multifactor productivity are shown in Tables 5.3 and 5.4 respectively. As the final row of each

%5 See http://www.educationcounts.govt.nz/statistics/tertiary-education/resources.

26 This 40:40:20 allocation is used to measure academic staff time allocated to teaching, research and ‘service’ (or
administration) respectively. It forms a common rule of thumb, advice to university academics and is supported
by results from various surveys of university staff; see, for example, Sutherland (2017, pp.63-65) for evidence on
the ‘40:40:20 model’ for universities in New Zealand and overseas.

27 We include data available back to 1997 here to increase the number of years prior to the first 2003 PBRF exercise
to provide a longer perspective on pre-PBRF growth rates.
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table shows, the productivity growth rates over the whole period, 2000-15, are identical for both
data sources. Research productivity growth appears to have been positive throughout the period.
With one exception, all measures show an acceleration in the productivity growth rate after
2006.

As in the case of teaching, we examine the effects of adjusting both inputs and outputs for
quality.

52.1 Inputs

Labour productivity is based on the number of research staff FTEs. University research FTES
are defined as 50% of academic staff FTEs plus a fraction of non-academic staff FTEs, where
the latter are assumed to be engaged in supporting both teaching and research activities. The
fraction used is the estimated share of research in universities’ total research plus teaching
expenditure. There is no simple indicator of changes in quality of research staff; a proxy
therefore has to be sought. In this case we have relied on changes in the PBRF grades of
university staff. If over time, a greater proportion of academics receive a higher grade, it is
reasonable to assume that by some measure the ‘quality’ has improved. An institution where,
say, 40% of its staff were graded ‘A’ would intuitively seem to have a higher average quality
than one where only, say, 10% reached that grade.?

The quality adjustment of the labour input is based on the results of the three PBRF reviews
(2003, 2006 and 2012) which assigned those staff active in research to one of three quality
categories: A, B and C.# This enables a weighted measure of research FTESs to be constructed
using the PBRF relative weighting scheme of A =5, B =3 and C = 1 (see Smart and Engler,
2013).%° The number of research staff was derived by assuming 40% of the time, and hence
cost, of ‘academic staff’ was devoted to research and adding the number of ‘research staff’; see
Table 4.2. Section 7 explores the effects of changing this time allocation.

Over time there has been a marked change in staff composition (academic and university
research) as indicated by the proportions rated A, B and C; see Table 5.5. The percentage rated
as C fell by almost a half, while As more than doubled. This is consistent with the stated aim
of the PBRF scheme to raise the average quality of research. Furthermore, the changing
composition underscores the need to incorporate a quality adjustment rather than assuming all
research FTEs are identical.

Table 5.5 about here

28 See Buckle and Creedy (2017) for discussion of the sensitivity of overall PBRF results to the quantification
scheme used to allocate research individual staff to categories A, B, C. Below we discuss how awarded PBRF
grades and measured research output may be inter-related.

2 For a detailed overview of the 2012 round see Tertiary Education Commission (2014a).

301t is acknowledged that applying a fixed set of PBRF weights overlooks the very substantial differences in the
PBRF performance evaluations across different disciplines. Boyle (2008) shows that New Zealand academics
whose salaries are close to US levels (e.g. in philosophy and anthropology) have the highest performing staff in
contrast to the lowest performers (e.g. accounting and finance) where there is a large gap between NZ salaries and
those internationally.
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52.2  Output

Section 5.1 described the approach used to measure the volume of research output by New
Zealand affiliated authors. This was based on the international datasets, Web of Science and
SCOPUS. However, deriving estimates of productivity based on these raw output numbers
involves the implicit assumption that there has been no change in the quality of publication over
time. This sub-section relaxes that assumption.

To make this adjustment, we weight the volume of output by the average number of citations
per publication. Using citations as a proxy for quality implies that more extensively cited papers
make a larger contribution to the stock of knowledge than those with fewer (or no) citations.
An alternative measure could be based on journal weighting schemes, in which papers
published in more highly cited journals are regarded as having more impact. However, there is
debate over which approach is superior and journals provide just one form of peer-reviewed
research output and the importance of journal article outputs differs across disciplines.

It is important to note that the distribution of citation counts can be highly skewed with a
few very highly cited articles at one extreme and a long tail of articles which are rarely or never
cited; see Chang et al. (2011). This is relevant as the measure of the average citation count used
in this study cannot capture changes in dispersion and, where data are available, a median
measure could also be used.*

Anderson and Tressler (2013) reviewed the limitations of journal-based weighting schemes
and concluded that direct citation counts were a superior approach. In contrast, Gibson et al.
(2014, 2015) found that the journal in which papers are published was a better predictor than
citation counts of the salaries of economists in the University of Californian system. Based on
the work of Bariam (1996, 1997) for departments of economics in New Zealand universities,
Gibson (2000) developed a method of weighting groups of journals for differences in quality.
However, this requires data on all the journals in which New Zealand authors publish and is not
readily available.

In Table 5.6 the average number of citations per publication is used to create a series of
citation weighted research output, 2000-15.% In the early years of the period, 2000-06, the
average number of citations per publication rose at an annual average rate of 2.2%. This
accelerated to 2.9% in the later years following the introduction of the PBRF in 2003. Despite
a slightly slower growth rate of research output after 2006 (down from 6.2% to 5.6%), the

31 Knox (2004) and Gush et al. (2015) use citations to assess research contributions in New Zealand. Note however,
that the use of citations and the average numbers of co-authors of a publication, vary enormously across disciplines.
This will affect measured productivity levels across disciplines and in aggregate, and will impact on our measured
productivity growth rates if these aspects vary sufficiently over time.

32 For example, Tressler and Anderson (2012) found that around 60 percent of papers published by New Zealand
academic economists received no citations from 2000 to 2008.

33 The annual series for citations per publication that we use is created from similar MoE data available only as
five year averages for 2000-04 to 2010-14. We treat the MoE numbers as estimates for the middle year of five,
and extrapolate back from 2002 to 2000 and forward from 2012 to 2015. This necessarily involves some
approximation of the actual, unknown annual values and suggests these numbers should be treated with caution.
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citation weighted research output grew at an annual rate of 8.6% in the later period, up slightly
from 8.4%. These results underscore the point that, at least as measured by citation rates, the
quality of the research output increased over time, which in turn led to a more than threefold
rise in quality-adjusted research output (Figure 5.2).

Table 5.6, 5.7 and Figure 5.1 about here

5.3  Research productivity measures incorporating adjustments

Based on the adjustments to both inputs and outputs it is possible to derive a set of
productivity growth measures. These are summarised in Table 5.7.

A number of important findings emerge from these results. Firstly, the rates of research
productivity growth are generally substantially above national productivity growth rates in the
market sector of the economy.* This applies to both the labour and multifactor productivity
indices. Secondly, there is an acceleration in both sets of growth rates after 2006.

Although the PBRF scheme was introduced in 2002 with the initial evaluation in 2003, in
the analysis above we divided the period at 2006. By 2006 the scheme had matured, with
universities having had time and experience to adapt to the new evaluation system by the time
of the second PBRF ‘round’ in 2006 which involved a number of changes to improve the
assessment process.* The research productivity results are consistent with the hypothesis that
added incentives for research created by the PBRF scheme resulted in an increase in both the
quantity and quality of research outputs and a concomitant rise in research productivity.

Thirdly, the results again underscore the important role of quality adjustments in the
measurement of productivity in the tertiary education sector. Adjusting research outputs for
quality based on the application of citation rates as a proxy, increases the estimated productivity
growth rates substantially.

Estimates for both measures of research productivity — labour and multifactor respectively —
are plotted in Figures 5.3 and 5.4. Figure 5.3 highlights that research productivity appears to
trend upwards much more rapidly over the 2000-15 period as whole when citations-based
quality adjustments are allowed for (compare Q/L with pQ/L). However this upward adjustment
is almost entirely counteracted if staff inputs are quality adjusted to reflect their PBRF score
(pQ/H). Indeed for much of the period pQ/H lies below the basic Q/L measure. That is, the
improvement in labour input quality as measured by PBRF scores is essentially matched by
increased citations.

Figures 5.2 and 5.3 about here

34 For example Conway and Meehan (2013) report average measured sector (largely market-based activity) labour
productivity growth over 1978-2012 of 1.9% per annum, and 0.8% for multifactor productivity.

35 See Smart (2008, 2009, chapter 2) for more discussion of the 2006 PBRF and comparisons with 2003. Though
academic were better informed about the PBRF process by 2006 it should be noted that this was a ‘partial’ round
where staff could submit an updated research profile of simply resubmit the 2003 profile.
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A natural concern with these quality adjustments for labour inputs and outputs is the
potential overlap between quality adjusted outputs using citation rates and quality adjusted
labour inputs based on PBRF results if the input adjustments are strongly influenced by citation
rates. In this case the input and output adjustments would largely mirror each other.

While citations were one measure of research quality which research staff could include in
their portfolio for assessment in the PBRF (hence some potential for an impact on both the
numerator and denominator of the labour productivity measure), it represented only one
relatively small, indirect input into the PBRF assessment process. Nevertheless it is known that
the PBRF assessments were designed to reflect both the quantity and the quality of academic
outputs which, if these are highly correlated with citations, would tend to cause both input and
output quality adjustments to display similar changes over time. This can be compounded where
the perceived quality or reputation of a journal is a function of the journal’s citation rates, and
where these influence PBRF panel judgements of individual researcher quality.

This highlights the need for caution when seeking research metrics by which to adjust quality
since it may be hard to distinguish input and output quality measures that are genuinely
independent. Conversely, the approximate counteracting effects on quality-adjusted research
productivity observed in Figure 5.2 may indicate that improved output quality has been
achieved largely by improving input quality rather than productivity.

Figure 5.3 provides similar information to Figure 5.2 but for multifactor productivity indices.
Moving from a basic multifactor productivity measure (Q/E) to an adjusted multifactor measure
(pQ/E) can again be seen to be associated with a substantially higher growth rate over the 2000-
15 period. The figure also shows that the broad upward trend in this quality-adjusted multifactor
measure is very similar to that of the quality-adjusted labour productivity index, pQ/H.

6. Overall University Productivity

These estimates of research productivity can now be combined with those for teaching to
estimate the overall productivity, A, of the university sector. This requires estimating a weighted
sum of teaching and research component productivities, A, and Ar, respectively, as A = aAt +
(1 - a)Ar. The weights used are cost shares based on estimates of the share of total expenditure
for teaching, a, and research, (1 — a), respectively. Values of a are based on the expenditure
composition discussed earlier, ranging from 0.47 (in 2001) to 0.35 (in 2015).

Broadly, this teaching cost share fell from 2001 to 2008 and remained relatively constant
thereafter. More generally, these teaching share values may appear relatively low but reflect the
oft-noted feature that expenditure on most university academic staff who teach implicitly funds
around 40-50% of their time on research. When this fraction is added to expenditure on full-
time research staff, the effective research share in total expenditure is much higher than would
be inferred from designated research staff or research-related income. Equivalently, the
teaching share is lower.
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Table 6.1 brings together our estimate of the growth rates of the various unadjusted and
quality-adjusted productivity measures for 2000-15 and the two sub-periods: 2000-06 and
2006-15. We adopt this split for both teaching and research to facilitate comparisons.

Despite the large number of estimates in Table 6.1 associated with the various teaching and
research productivity measures, it is immediately clear that (a) teaching and research
productivity growth can be very different; and (b) though quality adjustment is important for
estimated growth rates, the particular form of adjustment (whether to research or teaching) can
make a large difference to final outcomes. In addition all measures for teaching reveal a
substantial fall in productivity growth after 2006 compared to 2000-06 but a distinct pick-up in
research productivity growth between the two periods.

Figures 6.1 and 6.2 highlight the growth rates for labour and multifactor productivity
measures, for both teaching and research. The results depicted incorporate all adjustments for
quality. In the case of teaching this involves output measured as completions with weighting
which includes adjustments for both course credits and students’ expected earnings. For
research, adjustment recognises the quality impact of citations. Productivity growth is shown
for 2000-06 and 2006-15, using the 2006 PBRF census year as a ‘break point’. There is a
marked change in the productivity growth rates for the period after 2006, driven in both cases
by the acceleration in the growth of research productivity.

Whereas quality-adjusted multifactor productivity growth for teaching exceeded that for
research up to 2006, the reverse is observed over 2006-15, with teaching productivity growth
turning negative by this measure. While causation from one to the other cannot be inferred from
these results, it is noteworthy that the boost to research productivity after 2006, the year of the
substantially expanded PBRF process, appears to have coincided with deteriorating growth
rates in teaching productivity. This at least consistent with the hypothesis that the prioritisation
of resources towards increasing research output and efficiency has been at the expenses of
teaching efficiency. %

In fact, our discussion in section 4 of trends in student and staff FTESs, suggests that the
continued increase in university staff as student FTEs fell after 2003 sheds some light on the
research/teaching productivity story. Since the continued increase in university staff FTES
added to both teaching and research inputs (via the 40:40:20 allocation rule), it simultaneously
increased measured research output via publication volumes and citations, but could have no
similar effect on our teaching output measure: student credit weighted FTEs.

Figure 6.3 focuses on annual data on the productivity indices over 2000-15 for the same two
multifactor productivity measures. It can be seen that, because of the heavier weighting towards
research, overall university productivity tends to follow the research productivity path more

3% Remler and Pema (2009) develop a theoretical framework to help explain why incentives for research have
increased and the possible detriment to human capital accumulation by students.
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closely. It is also clear that whereas the research and teaching indices increase similarly over
2000-07 (though by somewhat different routes), they follow quite different paths thereafter.

Figures 6.1, 6.2 and 6.3 about here

7. Some Sensitivity Testing
7.1  Choice of Deflators

In producing suitable consumer price deflators for market sector goods and services
statistical agencies like Statistics New Zealand (SNZ) commonly aim to account for quality
improvements over time that may not be reflected in the observed prices for those items. In the
technology sector, for example, quality improvements are well-known to often be associated
with falling, not rising, prices.*

For, largely public, tertiary education, SNZ’s tertiary education component of the CPI is
based on tuition fees. But changes in tuition fees may not be a good guide to changes in the
‘price of tertiary education’.

Firstly, these fees will generally not reflect the research dimension of tertiary output.
Secondly, tuition fee increases can be expected to be related to providers’ costs of tuition which
in turn are composed predominantly by wage costs. Increases in these cost may reflect increased
numbers of teachers or wage and salary costs per teacher. In either case, the changes could be
in association with changes in quality (higher teacher/student ratios and/or more experienced
or better qualified teachers) or simply changes in quantity. To the extent that improvements in
quality occur over time in association with rising fees, the tertiary education subgroup of the
CPI will over-state a ‘true’ (quality-adjusted) price increase, while deflated real quantity
increases will be under-stated.

Thirdly, tertiary tuition fees are subject to various interventions by government in the form
of, for example, the imposition of fee caps, and annual fee cap adjustments of variable sizes.
These had differential effects across institutions, since initial fee levels differed across tertiary
institutions prior to the imposition of a cap.® These fee arrangements also sat alongside
differing annual increases in direct government subsidies to state tertiary education.

Fourthly, any price deflator, such as the consumer price index (CPI) translates nominal
values into a common numeraire. In the CPI case that numeraire is an over-time constant
representative basket of consumer items. When used to deflate a particular item, it represents
the opportunity cost of that item in terms of the more general basket. Thus deflating tertiary
education by a tertiary education consumer price provides a measure of real tertiary education

37 See Brynjolfsson and Hitt (2000) for discussion of information technology evidence.
38 In 2003, for example, annual fee increases for state tertiary institutions were limited to the overall rate of price
inflation. See NZPC (2017, pp.296-300) for tuition fee and government funding trends and discussion.
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where the numeraire is constant quantity units consumed of that education. Deflation by a
general CPI effectively provides an alternative opportunity cost — namely how much of a
general consumption basket is foregone. An interpretation of deflation by the CPI is that it
measures a constant quantity of general consumer items that governments, or taxpayers, could
purchase instead of the tertiary education that is actually provided.*

Conceptually it is clear that, in the absence of data quality concerns, nominal tertiary inputs
or outputs deflated by a tertiary price index would be preferable where the objective is to
establish how many additional real units of tertiary education have been provided. This is
typically the case when comparing sector productivity performance over time. Indeed, in the
case of government-produced, non-marketed tertiary education, a producer price might be
preferable to a consumer price as a deflator to establish real quantities (though not for
subsequent quality adjustment weighting of real quantities; see Diewert (2017).

However, given the data concerns expressed above with the tertiary price component and
associated uncertainties around changes in a ‘true’ quality-adjusted tertiary price index, we
consider that deflation by the CPI, rather than a tertiary subgroup of the CPI, provides a more
reliable and more readily interpretable benchmark in this case. We therefore reported CPI-
deflated values in our main tables. However in this section we consider the sensitivity to the
choice of deflator. As we show below, the choice of deflator can have a non-trivial effect on
some of our estimated productivity trends, especially later in the 2000-15 period, suggesting
that a further practical dimension to ‘quality’ measurement (namely, suitable price deflation)
needs careful consideration.

On the issue of allowing for tertiary quality changes, Statistics New Zealand (2010a) report
that the tertiary subgroup of the CPI is obtained from information on student fees from a range
of tertiary courses suitably weighted by student enrolments. SNZ attempts to allow for changes
in quality by accommodating ‘significant changes in course structure, duration and content’.*
However this does not capture potential changes in quality that may give rise to changes in fees,
such as increased quality of teacher or researcher inputs. To the extent, that the tertiary price
subgroup overstates ‘true’ tertiary price increases (by undervaluing possible quality
improvements) its use will lead to underestimates of real values, which can affect both outputs
(better quality courses impacting student outcomes) and inputs (better quality staff).

Figure 7.1 shows that the choice of deflator is potentially important in this case. Whereas the
CPI displays fairly steady annual increases during 2000-15, the tertiary component (TPI) is flat
over 2000-03, rises similarly to the CPI till 2008, then rises much more rapidly than the CPI, in
part reflecting policy changes on maximum tuition fees.*

39 SN Z also produce a producer price index (PPI) for education but not for the tertiary education sub-sector.

40 http://www.stats.govt.nz/browse for_stats/economic_indicators/CPI_inflation/primary-secondary-tertiary-and-
other-post-school-education-in-CPl.aspx

41 For example, Smart (2009a) shows that tertiary tuition fees stabilized during 2000-03, then rose slowly to 2008
as a result of higher government subsidies to tertiary education during this period. See also Crawford (2016).
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Figure 7.2 provides some evidence on the effect of the two deflators on multifactor
productivity measures for university teaching and research. It can be seen that there is almost
no effect on teaching productivity until the upsurge in the TPI from 2010. By contrast, research
productivity is affected from 2000 to 2003 which causes the TPI-deflated series to fall by more
than the CPI-deflated series. From 2010 the research productivity series can also be seen to rise
more rapidly to 2015 using the TPI. This reflects the lower real growth in research expenditure
(inputs) in this period when deflated with a tertiary-specific price index.

Figures 7.1 and 7.2 about here

The differences between the teaching and research adjustments due to the use of the TPI
arise essentially because the TPI affects both the numerator (via income weighting) and the
denominator (via ‘adjusted teaching expenditures’) of teaching productivity measures.
However, indexation affects only the denominator of research productivity measures (via the
‘adjusted research expenditure’ inputs). For the same reasons, a labour productivity measure
for research is unaffected by indexation since neither outputs nor inputs are measured in
financial terms.

Nevertheless, the different price deflators do reveal quite different productivity growth
patterns for research before and after 2006. For example, the multifactor research productivity
indices in Figure 7.2 rose by 1.1% and 1.7% per annum over 2000-06 for the TPl and CPI
deflated series respectively. From 2006-15 the equivalent growth rates were 7.8% and 5.7%.
Hence the estimated upturn in research productivity growth after the major 2006 PBRF exercise
is much more pronounced using a TPI-based measure. Across the whole 2000-15 period, there
is also a modest difference in measured research productivity growth rates: 5.0% (TPI) versus
4.1% (CPI).

These results suggest that some caution is required when assessing quality adjustments and
price deflation of financial variables used in productivity measures. It seems likely that ‘true’
quality-adjusted multifactor productivity growth lies somewhere between the two deflated
series. TPI-based deflation attributes all tertiary cost (fee) increases to pure price change
impacts while the CPI series measures tertiary inflation impacts by general price inflation, with
any difference from the TPI effectively treated as measuring a real quantity change.

Finally, across the tertiary sector as a whole, deflation by the TPI instead of the CPI can lead
to some substantive differences over the whole 2000-15 period and also across sub-periods,
such as 2000-08 and 2008-15. Over 2000-08 for example, student FTEs per $m of staff salaries
(Q/wL) increased at 0.8%p.a. when using a CPI index but only by 0.2%p.a. using a TPI. The
reverse pattern emerges over 2008-15 (-1.2% versus +1.5%) such that for the period CPI-
deflated data suggest a slight decline (-0.2%) whereas TPI-deflated data suggests a modest rise
(0.8%).

This essentially reflects the apparent slower growth in real expenditure using the TPI index,
especially later in the period, such that the denominator of such productivity measures grows

25



more slowly. This is not simply the result of the 2008 break year; similar results are obtained
using 2006.

These results suggest strongly that identifying how ‘real’ input and output should be
measured, where these involve financial variables, can be crucial for resulting estimates of both
labour and multifactor productivity growth. A case can be made for either price adjustment
depending on the research question of interest. However, the limited coverage of the TPI, the
nature of the indirect measures available for its construction, the impact of government policy
on fee charges and the exclusion of quality changes, all suggest that the TPI is likely to be
subject to greater potential for measurement error.

7.2  Teaching and Research Allocation

In section 4, we examined university productivity separately for teaching and research which
required total staff FTEs and expenditures to be separately estimated for teaching and research.
We recognised there that academic staff in universities typically split their time between
teaching, research and administration (or ‘service’), and we allocated non-academic (mainly
academic support) staff FTEs to teaching and research on a pro-rata basis. This lead to a staff
FTE split between teaching and research that on average over 2000-15 was around 40:60 in
favour or research.

Similarly, using income sources identified in published accounts for universities to
approximate expenditure allocations between teaching and research, we allocated some
government tuition and student fee income to research to capture the fraction of time academic
staff, funded from this income, spend on research on average. This yielded a teaching/research
expenditure allocation also around 40:60 across all universities on average. In this sub-section
we explore the impact of changing those assumptions on university productivity growth
estimates.

To examine sensitivity we adopt the extreme alternative that all academic staff FTEs are
allocated to teaching, with research FTEs obtained from the ‘research staff FTE’ category in
MOoE data. Similarly all tuition/student fee income is treated as teaching-related for the purposes
of expenditure allocation. These two changes have the effect of changing both the teaching-to-
research FTE and expenditure ratios to around 75:25, on average across 2000-15.

Table 7.1 shows the effect of these changes on growth in the multifactor productivity indices
shown in Figure 6.1 for our previous assumptions. These indices incorporate quality
adjustments to the maximum extent: credit and income weighted completions per $m of
teaching expenditure (teaching) and citation weighted output per $m of research expenditure
(research).

Table 7.1 about here

Table 7.1 shows that the unadjusted series display similar broad patterns to the default series
— teaching productivity growth continues to be lower than research productivity growth over
2000-15, and especially over 2006-15 when teaching productivity growth remains negative.

26



Nevertheless, productivity growth rates in general are substantially lower with the greater
allocation of resources (staff and expenditure) to teaching. This arises due to the lower
productivity growth activity (teaching) now being allocated a greater share of inputs such that
its productivity growth falls further, and pulls down total productivity growth. Research
productivity growth also appears lower, however, in the unadjusted case.*

Overall, the results of assuming a much more heavily weighted allocation of university
resources towards teaching suggest that productivity growth is substantially lower than it would
appear to be with a more research-weighted allocation. And, while quality-adjustment generally
continues to produce faster productivity growth outcomes than basic measures, both those
measures are lower with greater input allocation to teaching.

8. Conclusions

This paper has examined how quality adjusted productivity indices for the tertiary education
sector may be constructed, and proposed a number of methods for making quality adjustments
to ‘basic’ measures of the growth rates of labour and multifactor productivity. We then applied
those to public sector tertiary productivity in New Zealand over 2000-15. Quality adjusted
productivity measures for teaching across the tertiary sector as a whole were produced. In
addition we reported measures of research productivity for New Zealand universities, where
the vast majority of publicly-funded research in the tertiary sector is undertaken. We argue that
the adjustments we propose are sufficiently general that they should be readily applicable to
other countries with similar data.

Our evidence suggests that quality adjustment to both inputs and outputs can make
substantial differences to conclusions about productivity growth trends over 2000-15 compared
with basic, unadjusted indices. Across a variety of methods for adjusting productivity (both
teaching and research) quite different trends emerge such that the choice of specific quality-
adjustment adopted can be important for outcomes.

A particularly striking result is that most quality adjustments lead to estimates of
substantially faster productivity growth in New Zealand tertiary education than simple
unadjusted measures would suggest. For example, as the summary in Table 6.1 for the
university sector revealed, for teaching, basic measures of labour and multifactor productivity
growth over 2000-15 averaged 0.0% and -1.2% per year respectively. However when credit
weighted completions are used to adjust teaching productivity measures, these growth rates
become 1.4% and 0.2% respectively. These rise to 1.6% and 0.4% when income is added as an
outcome measure to the credit weighted completions. For research, comparable productivity
measures for labour and multifactor productivity respectively rise from 3.7% and 2.2% (basic)
to 6.4% and 4.8% when citation weighted research output is used.

42 This feature — of growth rates falling for indices of both teaching and research productivity — arises in part
because, after some inputs are reallocated to teaching from research, the indices for both teaching and research are
set to 100 in the initial year (e.g. 2000) in both the default and unadjusted cases.
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An especially important component of the quality adjustment when financial variables form
part of the productivity measures is the method of price deflation to obtain real values;
specifically, whether a general consumer price index, or tertiary-specific consumer price index,
is used. In particular Statistics New Zealand price indices for tertiary education rise much faster
over 2010-15 than an a general consumer price index and affect resulting measures of real
tertiary outputs and inputs. Given the way the tertiary price index is calculated (from student
fee income), it is likely that it ignores a number of sources of quality improvement within the
tertiary sector.

More generally, the results of this study highlight the need for careful measurement of
tertiary productivity trends. Measures unadjusted for quality are unlikely to provide sufficiently
robust signals about changes in productivity performance in the tertiary sector on which policy
advice could be built. Similarly, our results for quality adjusted productivity suggest the
potential for wide variations in conclusions regarding productivity trends that depend on the
particular quality metrics available. Hence, as we noted in the Introduction, our key objective
was not to identify definitive estimates of productivity growth in tertiary education. Rather it
was to establish how various measures of tertiary education quality (for both inputs and outputs)
could be used to estimate trends in productivity, and the sensitivity of those to the different
quality measures.

In should be stressed also that our results identify changes of productivity; they do not
address the issue of the absolute levels of tertiary productivity since all measures have been
based on an index set at 100 in 2000. It is conceivable that productivity growth could appear
favourable when compared to other sectors, while at the same time levels of productivity remain
below par. When going beyond national account definitions of productivity for the tertiary
sector by incorporating quality dimensions, cross-sector level comparisons typically become
impossible.

In addition, high productivity growth rates do not necessarily imply either technical or
allocative efficiency, and our results do not relate to the overall performance of the tertiary
sector. Performance has many dimensions including contributions to the wider society, with
productivity representing but one element.

Finally, to develop an initial overview of tertiary and university sector productivity we chose
to base the analysis on data that are largely in the public domain. More detailed data would
allow disaggregation across individual institutions, and between faculties and departments
within institutions. It is reasonable to expect differing productivity trends in both contexts.
Greater use of data at the level of the individual staff member, such as that undertaken
specifically for the New Zealand PBRF by Buckle and Creedy (2017a), allows deeper insights
into the characteristics and institutional heterogeneity of research productivity. This would
complement the sector averages presented here.
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Tables and Charts

Table 3.1  Summary of Tertiary Education Productivity Measures

Measure

Data Symbol

Teaching productivity (All Tertiary)

Basic labour productivity

Total student places / Teaching staff FTEs Q/Lr

Basic multifactor productivity

Total student places / Total real teaching expenditure (Er) Q/Er

Labour productivity based on

Total student places / Teaching staff salaries

/wL
wage-adjusted labour input QMWL
Labour productivity based on Total student places weighted by NZQA credit-weighted QL
adjusted output: completions (a) completions / Teaching staff FTEs Pt/
Multifactor productivity based on Total student places weighted by NZQA credit-weighted QE
adjusted output: completions (a) completions / Total real teaching expenditure (Et) PeRIET
La_bour productivity t?ased LIl Total student places weighted by earnings and qualifications / DbQ/LT
adjusted output: earnings (b) Teaching staff FTEs
ML_JItifactor productiv_ity based on Total student places weighted by earnings and qualification / ObQ/ET
adjusted output: earnings (b) Total real teaching expenditure (Et)

Research productivity (Universities only)

Basi h productivit
stZ}i;CFr‘lf')Ee?cr; PrOGUCLIVIEY per Index of research volume / Total research staff FTES (Lr) Q/Lr
Citation-adjusted research Index of research volume weighted by citation rates / Total research JO/Lr o pOIH
productivity per staff FTE staff FTEs (Lr) or quality-adjusted research staff FTEs (Hr) FEUAARR
Basic research productivity per o .

. Alternate indices of research volume / Research expenditure (Er) Q/Er
research expenditure
Citation-adjusted research

el . o Index of research volume weighted by citation rates / Research

productivity per research pQ/Er

expenditure

expenditure (Er)

Overall university productivity

Combined estimates of teaching (T) and research (R)

productivity, A, based on expenditure weights, ar A= iAr+ (1-en)Ar

Note: (a) Quality adjustment (pa) uses credit weighting only. (b) Quality adjustment (pb) uses credit and earnings weighting. (c)
Total research staff FTEs (Lr) are 0.4 x Academic staff FTEs plus Research staff FTEs. Quality adjusted research staff (Hr) are

weighted by PBRF ranking.
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Table 4.1  Student FTE numbers in the tertiary sector: 2000-15

Year Student FTEs Year Student FTEs
2000 177,651 2008 227,920
2001 192,054 2009 242,995
2002 223,227 2010 249,091
2003 263,480 2011 240,177
2004 267,111 2012 243,969
2005 256,928 2013 239,180
2006 236,142 2014 237,959
2007 233,392 2015 232,250

Sources For 2000-15 data are from Ministry of Education, Financial performance of tertiary education institutions.
Notes: Student numbers in tertiary sub-sectors are given in Appendix Table A2. MoE definitions of student and staff FTEs are
given at https://www.educationcounts.govt.nz/data-services/glossary.

Table 4.2 Fulltime equivalent staff numbers in the tertiary sector: 2000-15

Year Academic Non-academic Research Total
2000 10,653 11,223 1,099 22,975
2001 10,814 11,489 1,100 23,403
2002 11,351 11,369 1,047 23,767
2003 12,057 13,433 1,244 26,734
2004 12,570 13,711 1,305 27,586
2005 12,581 14,136 1,422 28,139
2006 12,304 13,947 1,435 27,686
2007 12,178 14,043 1,485 27,706
2008 11,887 13,907 1,591 27,385
2009 11,915 14,459 1,729 28,103
2010 12,118 14,645 1,774 28,5637
2011 12,092 14,814 1,758 28,664
2012 12,246 15,271 1,673 29,190
2013 12,324 15,460 1,631 29,415
2014 12,320 15,265 1,696 29,281
2015 12,495 15,110 1,790 29,395

Ave. growth rate

(%p.a) 1.2 2.1 3.7 1.8

Source: Ministry of Education, Resources: Human Resources.
Notes: Research staff includes research support staff.


https://www.educationcounts.govt.nz/data-services/glossary

Table 4.3  Tertiary sector real teaching expenditure (in 2006 $m), 2000-15
Year Universities ITPs Wananga Total
2000 728 673 27 1,428
2001 794 691 56 1,541
2002 834 733 120 1,687
2003 887 832 205 1,924
2004 914 876 234 2,025
2005 959 859 220 2,038
2006 916 841 176 1,933
2007 899 876 148 1,923
2008 864 855 152 1,871
2009 892 869 168 1,929
2010 932 898 172 2,002
2011 912 863 165 1,940
2012 944 890 159 1,994
2013 956 873 161 1,990
2014 961 877 158 1,997
2015 1,004 898 154 2,056

Source:  Ministry of Education
Notes: For ITPs and Wananga it assumed that all expenditure relates to teaching. For universities, teaching expenditure is
the difference between total expenditure minus estimated research expenditure. Figures are deflated using Statistics
New Zealand’s CPI deflator.

Table 4.4  Basic measure of labour productivity in the tertiary sector: 2000-15

Year Universities ITPs Wananga Total
2000 100.0 100.0 100.0 100.0
2001 100.2 111.9 180.8 106.0
2002 105.1 132.5 238.7 121.0
2003 104.0 143.5 240.2 127.3
2004 103.9 144.6 201.5 125.1
2005 994 137.5 184.8 118.4
2006 97.5 121.5 182.3 110.8
2007 96.9 118.9 196.7 109.6
2008 94.7 119.2 222.8 108.8
2009 98.7 126.3 200.3 113.4
2010 100.0 126.7 198.5 114.6
2011 96.2 121.3 184.3 109.9
2012 95.3 119.8 194.4 109.2
2013 92.7 116.0 185.6 106.0
2014 92.7 117.4 184.0 106.2
2015 92.3 110.8 184.9 103.6
Annual average productivity growth rates (%)
2000-2008 -0.7 2.2 105 1.1
2008-2015 -04 -1.0 -2.6 -0.7
2000-2015 -0.5 0.7 4.2 0.2

Note: In all cases the output measure is student FTEs. In the case of universities the input measure is teaching
staff FTEs while for the other sub-sectors it is total staff FTEs.
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Table 4.5 Basic measure of multifactor productivity in the tertiary sector:
Student FTEs per $m of teaching expenditure, 2000-15

Year Universities ITPs Wananga Total
2000 100.0 100.0 100.0 100.0
2001 94.8 105.9 134.4 100.2
2002 95.2 113.5 183.2 106.4
2003 95.9 122.8 1715 110.1
2004 94.8 122.8 135.5 106.1
2005 88.8 1194 130.5 101.4
2006 90.5 108.7 125.0 98.2
2007 92.0 103.3 139.1 97.6
2008 94.3 100.3 138.7 97.9
2009 96.6 105.4 139.7 101.3
2010 94.3 105.4 139.5 100.0
2011 92.6 106.7 139.6 99.6
2012 90.5 106.1 144.7 98.4
2013 88.0 104.3 144.6 96.6
2014 87.2 103.5 144.8 95.8
2015 83.2 96.7 137.5 90.8
Annual average productivity growth rates (%)
2000-2008 -0.7 0.0 4.2 -0.3
2008-2015 -1.8 -0.5 -0.1 -1.1
2000-2015 -1.2 -0.2 2.1 -0.6

Note: In all cases the output measure is student FTEs. In the case of universities the input measure is teaching
expenditure while for the other sub-sectors it is total expenditure given all their activity is assumed to be
related to teaching.

Table 4.6 Tertiary qualifications and credits

Qualification Credits Qualification Credits

Certificate Level 1 40 Bachelor degrees 360
Certificate Level 2 40 Graduate certificates and diplomas 90
Certificate Level 3 40 Honours and post-graduate Cert./Dip. 90
Certificate Level 4 40 Masters degrees 240
Diplomas 5-7 120 Doctorates 360

Source: New Zealand Qualifications Authority (undated), The New Zealand Qualifications Framework
Notes:  As the data on completions is in some cases more aggregated than the NZQA specifications, the credits
for categories 7 and 8 reflect an average weighting.


http://www.nzqa.govt.nz/assets/Studying-in-NZ/New-Zealand-Qualification-Framework/requirements-nzqf.pdf

Table 4.7

Total tertiary completions, 2000-15

Year Unweighted Qualifications Weighted by NZQA Credits
2000 58,395 10,025,950
2001 59,760 9,993,050
2002 68,330 10,269,900
2003 86,110 11,530,200
2004 88,162 12,368,730
2005 112,100 14,127,500
2006 102,095 14,669,600
2007 94,245 13,334,500
2008 103,825 14,391,800
2009 112,615 14,783,200
2010 117,185 14,914,200
2011 121,195 16,151,300
2012 126,910 17,027,050
2013 125,000 17,141,250
2014 120,955 16,900,550
2015 119,085 16,765,150
Source: Ministry of Education.
Table 4.8 Summary of estimated earnings weights by qualification level
NZ Census 1981- Min. of Min. of Maani  Australia; Simple
2013 Education  Education and HILDA average
NPV: NPV: 2000-15 1997-  Maloney  Survey
lifetime  age 30- (ave.) 2002 (2004) 2012
incomes 60
incomes
No qualification  0.59? 0.552 0.60 0.61 0.59
Lower 0.71 0.72 0.69
secondary
Upper } 063 0.81 0.85 0.76
secondary
Post-school 0.75° 0.72° 0.77 0.24 0.80 0.83 0.69
Cert/Dip.
Bachelor 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Graduate 1.37 1.03 1.20
diploma ¢ .
Masters }1'17 115 1.54 } 1.10 } 112 1.22
Doctorate 1.59 ' 1.59
Overall postgrad. 120
Ave.
Sources: Statistics New Zealand; Maani and Maloney (2004, Tables C.1 and C.2): average for male and female,

1997-2002. School Certificate and 6th Form Certificate assigned to lower and upper secondary respectively;
Ministry of Education (2015), (2016b); Melbourne Institute (2015, Table 7.4): average for male and female;

Authors’ estimates based on the New Zealand Census.

Note: 2 NCEA level 1 qualification or less; ® other (school) qualification; ¢ average of all postgrad qualifications.

Table 4.9 Income weights by qualification level applied to student completions
Relative Income MoE (2016):
Qualification . After 5 years After 10
weight
years
Certificate Levels 1-3 0.5 (0.6) 0.70 0.69
Certificate Level 4 0.6 (0.7) 0.71 0.70
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Diploma Levels 5-7 0.7 (0.8) 0.76 0.77

Bachelors 1.0 (1.0 1.00 1.00
Graduate certificates and 1.1(1.1)

diplomas 1.12 1.13
Honours and post-grad. 1.2 (1.1)

certificates 1.14 1.17
Masters 1.3(1.2) 1.15 1.18
Doctorates 1.4 (1.6) 1.42 1.37

Source: Authors’ estimates and MoE (2016).
Note: MoE (2016) data relate median earnings in 2015by qualification level.

Table 4.10 Tertiary teaching: Average labour productivity growth (%p.a.), 2000-15

Universities ITPs Wananga T-elz-r(ﬁzlry
Based on teaching staff FTE
Student FTEs/Staff FTE -0.5 0.7 4.2 0.2
Completions/Staff FTE 0.6 4.4 8.4 3.3
Credit weighted 0.9 3.9 5.0 19

completions/Staff FTE

Credit and income
weighted 11 4.0 4.0 1.8
completions/Staff FTE

Based on teaching salaries

Studt_ant FTEs/Staff 14 0.0 10 06
salaries

Completions/Staff salaries -0.3 3.7 51 2.3
Credit weighted 00 31 18 10

completions/Staff salaries
Credit and income
weighted 0.2 3.2 0.8 0.9
completions/Staff salaries
Notes: ‘Staff FTE’ refers to academic teaching staff (or staff ‘teaching component’ for university staff).

Table 4.11  Tertiary teaching: Average multifactor productivity growth (%p.a.), 2000-15

Universities ITPs Wananga Total Tertiary
Student FTEs/$m -1.2 -0.2 2.1 -0.6
Completions/$m -0.1 3.4 6.3 2.3
Credit weighted 0.2 2.9 2.9 1.0
completions/$m
Credit and income weighted 0.4 3.0 20 0.9

completions/$m
Notes: $m refers to total expenditure in ITPs and Wananga and estimated teaching expenditure in universities.




Table 5.1 University research and teaching real expenditure ($m, 2006 prices), 2000-15

Year Ei:)eeir(;:i}:ure Teaching Expenditure ~ Total Expenditure

2000 1,127.6 727.8 1,855.4
2001 1,1245 793.8 1,918.3
2002 1,220.0 834.3 2,054.3
2003 1,304.5 887.4 2,191.9
2004 1,402.5 9145 2,317.0
2005 1,522.5 959.2 2,481.6
2006 1,484.3 915.8 2,400.1
2007 1,610.2 899.1 2,509.3
2008 1,710.0 864.0 2,574.0
2009 1,766.5 892.4 2,658.9
2010 1,807.3 931.7 2,738.9
2011 1,778.8 911.8 2,690.6
2012 1,781.7 944.1 2,725.7
2013 1,797.8 956.3 2,754.1
2014 1,820.8 961.5 2,782.3
2015 1,902.8 1,004.0 2,906.9

Source: Calculated from Ministry of Education sources: Research Financing, and Financial Resources, at
http://www.educationcounts.govt.nz/statistics/tertiary-education.
Notes:  MOoE data for teaching and research expenditure cover 2004-15. For 2000-03, the average ratio of VVote Education

funding for research plus university contract research funding to total reported research funding was calculated. This

was then used to interpolate the components of total research expenditure for the missing earlier years.

Table 5.2 Reported research outputs for New Zealand: 1996-2015

Year SCOPUS Web of Science Average
1997 5,006 3,864 4,435
1998 5,215 4,194 4,705
1999 5,464 4,221 4,843
2000 5,363 4,283 4,823
2001 5,441 4,359 4,900
2002 5,597 4,374 4,986
2003 6,247 4,489 5,368
2004 6,940 4,785 5,863
2005 7,907 5,232 6,570
2006 8,323 5,478 6,901
2007 8,927 5,786 7,357
2008 9,383 6,188 7,786
2009 10,046 6,385 8,216
2010 10,640 7,214 8,927
2011 11,799 7,763 9,781
2012 12,071 8,101 10,086
2013 12,295 8,445 10,370
2014 12,862 8,568 10,715
2015 12,499 9,971 11,235
Annual average growth rates (%)

1997-2002 2.5 2.3 2.5

2002-2006 5.8 10.4 5.8

2006-2015 6.9 4.6 6.9

1997-2015 5.8 5.8 5.8

Sources: SCOPUS data based on number of citable publications by New Zealand affiliated authors. Elsevier. (2017). Scopus
[Database]. Retrieved 7 September 2017 from www.scopus.com . Web of Science data based on articles, books and book
chapters by NZ affiliated authors across all disciplines
http://apps.webofknowledge.com/WOS_AdvancedSearch_input.do?SID=P2wUXelNdAI9RUhKoODandproduct=WOS

andsearch_mode=AdvancedSearch (Accessed on 18-09-17).
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Table 5.3  Labour productivity: Publications per research staff FTE, 2000-15

Year SCOPUS Web of Science Average
2000 100.0 100.0 100.0
2001 100.5 100.8 100.6
2002 103.0 100.8 102.0
2003 104.5 94.0 99.9
2004 112.5 97.1 105.7
2005 123.0 101.9 113.6
2006 129.5 106.7 119.3
2007 135.0 109.5 123.7
2008 136.7 112.9 126.2
2009 142.7 113.6 129.8
2010 150.2 127.5 140.1
2011 166.6 137.3 153.6
2012 169.3 142.3 157.3
2013 171.2 147.3 160.6
2014 178.6 149.0 165.4
2015 172.0 171.8 171.9
Annual average productivity growth rates (%)
2000-2006 4.4 1.1 3.0
2006-2015 3.2 5.4 4.1
2000-2015 3.7 3.7 3.7

Table 5.4  Multifactor productivity: Publications per $m research expenditure, 2000-15

Year SCOPUS Web of Science Average
2000 100.0 100.0 100.0
2001 101.7 102.1 101.9
2002 96.5 94.4 95.5
2003 100.7 90.6 96.2
2004 104.0 89.8 97.7
2005 109.2 90.5 100.9
2006 117.9 97.2 108.7
2007 116.6 94.6 106.8
2008 1154 95.3 106.4
2009 119.6 95.2 108.7
2010 123.8 105.1 1155
2011 139.5 114.9 128.6
2012 142.4 119.7 132.3
2013 143.8 123.7 134.9
2014 148.5 123.9 137.6
2015 138.1 138.0 138.0
Annual average productivity growth rates (%)
2000-2006 2.8 -0.5 1.4
2006-2015 1.8 4.0 2.7

2000-2015 2.2 2.2 2.2




Table

55 PBRF weighted research FTEs, 2000-15

% of Research FTEs

Number of Research FTEs

A B Unadjusted PBRF rank
weighted

2003 9.74 39.07 51.19

2006 13.49 45.69 40.81

2012 16.33 48.64 35.02

@) (2) (3) (4) ®)

2000 6.0 32.4 61.6 9,145 17,273
2001 7.2 34.7 58.1 9,235 18,312
2002 8.5 36.9 54.6 9,270 19,254
2003 9.7 39.1 51.2 10,193 22,132
2004 11.0 41.3 a7.7 10,520 23,831
2005 12.2 435 44.3 10,964 25,870
2006 135 45.7 40.8 10,963 26,899
2007 14.0 46.2 39.8 11,279 27,999
2008 14.4 46.7 38.9 11,701 29,381
2009 14.9 47.2 37.9 12,004 30,488
2010 15.4 417 37.0 12,081 31,032
2011 15.9 48.2 36.0 12,075 31,364
2012 16.3 48.6 35.0 12,160 31,934
2013 16.8 49.1 34.1 12,245 32,509
2014 17.3 49.6 331 12,281 32,958
2015 17.8 50.1 321 12,392 33,614

Notes: The percentages of PBRF rankings (A, B and C) at the top of the table in italics are from The Ministry of Education:
www.educationcounts.govt.nz/statistics/tertiary education/research Research Performance.

Columns (1) to (3) are derived by interpolating and extrapolating from the three fixed data points for the years 2003,
2006 and 20012. Column (4) is (0.5*Academic staff) + Research Staff + Share of non-academic staff allocated to

reserach. Column (5) is the weighted sum of FTEs in each category with relative weights: A=5, B=3 and C=1 following

Smart and Engler (2013, p.5).
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Table 5.6 Citation-adjusted research output, 2000-2015

Year Ave. citations per publication Research output

Number Index Unadjusted Adjusted by  Index

(volume) citations
2000 0.92 100.0 4,823 4,431 100.0
2001 0.95 103.1 4,900 4,643 104.8
2002 0.98 106.2 4,986 4,867 109.8
2003 0.96 104.3 5,368 5,145 116.1
2004 1.00 109.0 5,863 5,874 132.5
2005 1.02 111.0 6,570 6,700 151.2
2006 1.04 113.7 6,901 7,206 162.6
2007 1.10 119.5 7,357 8,077 182.3
2008 1.12 121.7 7,786 8,708 196.5
2009 1.14 124.2 8,216 9,379 211.6
2010 1.17 127.4 8,927 10,453 235.9
2011 1.22 133.3 9,781 11,976 270.2
2012 1.26 137.5 10,086 12,741 287.5
2013 1.29 140.6 10,370 13,398 302.3
2014 1.32 143.7 10,715 14,151 319.3
2015 1.35 146.9 11,235 15,160 342.1
Annual average growth rates (%)

2000-06 2.2 6.2 8.4
2006-15 2.9 5.6 8.6
2000-15 2.6 5.8 8.5

Notes: Column (1) An annual series derived from Ministry of Education.
www.educationcounts.govt.nz/statistics/tertiary education/research, Research Performance, Table RSP.11. This is the
number of citations divided by the number of publications. In this case, the results are normalised to take into account the
different rates of citation between subject areas. A value of 1 indicates that the impact of the research is equal to the world
average, and based on a weighted average of 22 subject areas categorised by Thomson Reuters. Column (2) = index of
Column (1) with 2000 =100. Column (3) from Table 5.2. Column (4) = Column (3)*(Column (2)/100). Column (5) = index
of Column (4) with 2000 =100.

Table 5.7  Measures of research productivity: annual average growth rates (%)

2000-06 2006-15 2000-15
Labour productivity: Output per Research Staff FTE
Unadjusted 3.0 4.1 3.7
Citation weighted output 5.2 7.1 6.4
Citation weighted and PBRF-
adjusted staff FTEs 0.7 6.0 338
Multifactor productivity: Output per $m research expenditure
Unadjusted 1.4 2.7 2.2

Citation weighted output 3.6 5.7 4.8
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Table 6.1 Annual average productivity growth rates in the university sector (%)

Teaching Research Overall
Labour productivity
student FTE 2000-2006 -0.1 R h outout 2000-2006 3.0 1.9
uden S esearch outpu
per Teaching staff FTE 2006-2015 0.1 per Research staff FTE 2006-2015 4.1 3-1
2000-2015 0.0 2000-2015 3.7 2.6
Credit weiahted leti 2000-2006 3.3 Citati iohted h outout 2000-2006 5.2 4.5
redit weighted completions itation weighted research outpu
per Teaching staff FTE 2006-2015 02 per Research staff FTE 2006-2015 71 >3
2000-2015 1.4 2000-2015 6.4 5.0
) ) ) ) 2000-2006 3.4 o ] 2000-2006 0.7 1.8
Credit and income weighted completions 2006-2015 0.4 Citation weighted research output per 2006-2015
per Teaching staff FTE i ' PBRF adjusted Research staff FTE i 6.0 4.0
2000-2015 1.6 2000-2015 3.8 3.1
Multifactor productivity
Student FTE 2000-2006 -1.6 R h outout 2000-2006 1.4 0.3
ucentFiss - 2006-2015 0.9 esearch outpt. 2006-2015 2.7 1.8
per $m teaching expenditure per $m research expenditure
2000-2015 -1.2 2000-2015 2.2 1.2
Credit weighted leti 2000-2006 1.8 Citati iahted h outout 2000-2006 3.6 2.9
redit weig e comp e_lons 20062015 08 itation weighted researc _ou pu 20062015 57 4.0
per $m teaching expenditure per $m research expenditure
2000-2015 0.2 2000-2015 4.8 3.5
Credit and i iohted leti 2000-2006 1.8 Citati iohted h outout 2000-2006 3.6 2.9
redit and income Yvelg e cc_)mpe ions 1 o015 06 itation weighted researc _ou pu 20062015 5 7 40
per $m teaching expenditure per $m research expenditure
2000-2015 0.4 2000-2015 4.8 3.6
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Table 7.1 University productivity growth rates: testing sensitivity to allocation assumptions

Adjusted (default™): Unadjusted:
Teaching Research Total Teaching Research  Total

Quality adjusted multifactor productivity **

2000-2006 1.8 3.6 2.9 1.5 0.5 1.1

2006-2015 0.6 5.7 4.0 1.3 5.1 2.2

2000-2015 0.4 4.8 3.6 1.4 2.8 1.8
Basic labour productivity ***

2000-2006 0.1 3.0 1.9 0.2 1.2 0.1

2006-2015 0.1 4.1 3.1 0.3 2.5 0.6

2000-2015 0.0 3.7 26 0.2 2.0 0.4

* The adjusted results are used throughout except where indicated

**Teaching: credit and income weighted completions per $m teaching expenditure; Research: Citation
weighted research output per $m research expenditure.
***Teaching: Student FTEs per teaching staff FTE; Research: Publications per research FTE;
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Figure 5.3: Research: multifactor productivity
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Figure 6.2 Multifactor productivity growth rates in universities: Teaching versus research
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Figure 7.1 General consumer and tertiary education price indices, 2000-15

1500

1400

1300

1200

1100

1000

900 -

800 T T T T T T T T T T T T T T T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
e Consumer Price Index

esssmTertiary and other post school education

54



220

180

140

100

60

Figure 7.2 Overall university productivity and price deflation: CPI versus TPI

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

= Teaching: Credit and income weighted completions per $m of teaching expenditure

seeeee TP| deflated Teaching: Credit and income weighted completions per Sm of teaching
expenditure

== Research: Citation weighted output per Sm of research expenditure

eeeee TP| deflated Research: Citation weighted output per Sm of research expenditure

55



Table Al

Appendix A

FTE staff numbers in tertiary sub-sectors

Academic

Non-academic

Research

Additional Data for the Tertiary Sector

Academic  Non-academic

Research

Universities Institutes and Polytechnics
2000 6,440 7,940 1,100 4,035 3,135
2001 6,580 8,265 1,100 4,000 2,960
2002 6,865 8,070 1,045 3,960 2,725
2003 7,065 9,100 1,245 4,210 3,365
2004 7,190 9,285 1,305 4,395 3,535
2005 7,365 9,555 1,420 4,350 3,590
2006 7,245 9,550 1,435 4,380 3,630
2007 7,255 9,610 1,485 4,385 3,720
2008 7,200 9,800 1,590 4,150 3,510
2009 7,220 10,030 1,730 4,085 3,635
2010 7,165 10,190 1,775 4,210 3,750
2011 7,090 10,240 1,760 4,240 3,845
2012 7,060 10,640 1,675 4,440 3,960
2013 7,110 10,815 1,630 4,370 3,980
2014 7,160 10,705 1,695 4,295 3,935
2015 7,170 10,720 1,790 4,455 3,890
Wananga Total Tertiary sector
2000 175 150 10,650 11,750 1,099
2001 235 265 10,815 11,915 1,100
2002 525 575 11,350 12,395 1,047
2003 780 965 12,055 13,300 1,244
2004 985 895 12,570 13,875 1,305
2005 870 990 12,585 14,005 1,422
2006 680 765 12,305 13,740 1,435
2007 535 715 12,175 13,660 1,485
2008 535 600 11,885 13,475 1,591
2009 610 795 11,915 13,645 1,729
2010 745 705 12,120 13,895 1,774
2011 760 735 12,090 13,850 1,758
2012 750 670 12,250 13,925 1,673
2013 840 665 12,320 13,950 1,631
2014 865 625 12,320 14,015 1,696
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Academic Non-academic  Research Academic  Non-academic Research

2015 870 500 12,495 14,285 1,790

Source: Ministry of Education.

Table A2  FTE student numbers in tertiary sub-sectors

Universities Wananga Total Tertiary
2000 114,738 59,943 2,970 177,651
2001 118,667 65,127 8,260 192,054
2002 125,202 74,035 23,990 223,227
2003 134,191 90,878 38,411 263,480
2004 136,621 95,788 34,702 267,111
2005 134,241 91,282 31,405 256,928
2006 130,675 81,391 24,076 236,142
2007 130,355 80,565 22,472 233,392
2008 128,446 76,361 23,113 227,920
2009 135,884 81,487 25,624 242,995
2010 138,508 84,279 26,303 249,091
2011 133,039 81,966 25,172 240,177
2012 134,643 84,098 25,227 243,969
2013 132,641 81,011 25,527 239,180
2014 132,115 80,790 25,054 237,898
2015 131,770 77,335 23,145 232,250

Source: Ministry of Education, Financial performance of tertiary education institutions
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Table A3 Qualification Completions (Total Tertiary)

Certificates Diplomas  Bachelor graDdipC.ert. 2225 &&Dpiﬁ Masters Doctorate .IL.JQ,:’;' Ie 2y \_Il_\gi;?hted

1 2 3 4 5-7
Credit 40 40 40 40 120 360 90 90 240 360
weights
2000 440 6,070 11,625 3,700 63175 18,880 2,455 5,400 2,985 465 58,395 10,025,950
2001 555 5,365 12,240 4,705 6,865 18,630 2,840 5,445 2,660 455 59,760 9,993,050
2002 3,570 5,660 12,560 9,005 7,775 17,980 2,900 5,470 2,905 505 68,330 10,269,900
2003 6,285 10,185 11,455 16,400 9,685 18,870 3,580 6,020 3,075 555 86,110 11,530,200
2004 547 16,725 12,195 12,830 11,085 20,435 3,535 6,650 3,535 625 88,162 12,368,730
2005 4,360 22,580 18,940 17,305 10,840 22,545 3,760 7,050 4,075 645 112,100 14,127,500
2006 2,875 19,690 11,505 14,985 10,715 25,185 4,110 8,130 4,255 645 102,095 14,669,600
2007 1,780 15,375 13,175 15,070 10,430 22,765 4,205 7,545 3,250 650 94,245 13,334,500
2008 2,905 19,065 14,030 14,900 11,435 23,820 4,490 8,370 4,005 805 103,825 14,391,800
2009 3,540 19,195 17,340 18,120 11,710 23,605 5,145 9,115 3,960 885 112,615 14,783,200
2010 3,100 19,160 20,860 18,320 12,815 22,790 5,200 9,740 4,185 1,015 117,185 14,914,200
2011 3,210 16,975 19,855 20,385 13,670 25,430 5,825 10,145 4,585 1,115 121,195 16,151,300
2012 4,400 18,285 20,345 21,255 13,940 27,465 5,225 10,280 4,645 1,070 126,910 17,027,050
2013 3,230 16,445 21,475 22,000 12,640 28,180 4,750 10,255 4,715 1,310 125,000 17,141,250
2014 3,805 12,880 23,025 20,250 12,470 27,835 4,805 9,550 4,895 1,440 120,955 16,900,550
2015 3,375 11,700 22,545 20,575 11,265 27,520 5,215 10,040 5,505 1,345 119,085 16,765,150

Source: Ministry of Education



Appendix B Estimating Returns to Qualifications from Census Data

Following the approach of Le et al. (2005) data on qualifications and gender were obtained for each of
the seven New Zealand censuses between 1981 and 2013. Of course, gender is not the only factor that
influences the income received by a person with given qualifications. To account for these other factors
a regression model of the following form was fitted:
InY = By + B1G + BoA + B3 A* + 37 BaiQi + Xioq Bsi(Q * A) + Bisy Bei(Qi x A%) +

Y81 B7;T + Xz BekEx + € (A1)
where: InY = the logarithm of earnings; G = a categorical variable for gender; A = age in years; Qi=a
categorical variable for the i level of qualifications; T; = is a categorical variable for the census year j;
Ex = is a categorical variable for the k™ ethnicity; and &= random disturbance term.

A summary of the variables is given in Table B1. Based on the results of fitting this model, the net
present value of the income streams over the lifetime (from age 21 to 64) were computed using three
different discount rates. While the absolute values vary predictably with the discount rate, the relative
values for the different qualifications are remarkably constant over time.

To explore the possibility that the relative incomes by qualification vary across the age range, the Census
data were also used to estimate the incomes predicted at ages 30, 40, 50 and 60 (holding other variables
at their average values, and allowing for different premiums by census year ‘cohort”). The results are set
out in Table B3, with full regression results in Table B4.

Table B1 Summary of variables from New Zealand census data

1981 1986 1991 1996 2001 2006 2013
Age 39.3 39.0 394 39.6 40.7 41.5 42.3
Gender
Female % 49.7% 49.5% 50.0% 51.1% 51.8% 51.7% 52.2%
Male % 50.3% 50.5% 50.0% 48.9% 48.2% 48.3% 47.8%
Employment
Employed 56.2% 59.9% 53.9% 58.3% 59.7% 61.7% 62.1%
Employer 10.2% 14.1% 13.9% 14.8% 16.0% 16.0% 14.3%
Not in labour 31.5% 22.3% 25.8% 22.0% 19.6% 19.2% 19.0%
force
Unemployed 2.1% 3.7% 6.4% 4.9% 4.6% 3.0% 4.6%
Ethnicity
European only 85.9% 84.8% 82.1% 78.3% 76.1% 60.2% 66.3%
Mixed European 2.6% 2.3% 2.2% 5.9% 5.1% 6.2% 6.8%
Non-European 10.8% 12.4% 15.4% 15.1% 18.1% 33.1% 26.5%
Not specified 0.7% 0.5% 0.2% 0.7% 0.7% 0.5% 0.3%
Qualification
Bachelor 3.8% 4.4% 5.4% 8.0% 10.0% 13.9% 17.2%
NCEA lorless 64.2% 52.5% 47.5% 47.5% 39.9% 33.8% 28.4%
Other Non- 31.1% 40.5% 44.3% 40.6% 45.6% 46.5% 46.5%
degree
Postgraduate 1.0% 2.7% 2.8% 3.9% 4.5% 5.7% 7.9%

Source:  Statistics New Zealand; Notes: All figures are based on NZ residents aged between 21 and 64.
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Table B2  Net present value of life time income by qualification

Discount rates NCEA lor less  Other qualification Bachelors degree  Postgraduate
3% 712,223 934,051 1,229,375 1,419,866
5% 520,489 674,883 869,587 991,819
7% 400,933 513,738 647,227 730,839

Notes: Derived from Census data for 1981 to 2013 and expressed in 1981 constant dollars.

Table B3 Relative incomes by qualification at decade intervals of age

Age 30 40 50 60 Average
NCEA 1 or Less 0.64 0.53 0.51 0.59 0.57
Other Qualification  0.79 0.70 0.68 0.75 0.75
Bachelors Degree 1.00 1.00 1.00 1.00 1.00
Postgraduate 1.06 1.09 1.17 1.31 1.17

Notes: Derived from Census data for 1981 to 2013 using a 5% discount rate. ‘Average’ is average earning
premium over ages 25-65 based on estimates at 5-yearly intervals.

Table B4 Regression results for earnings regressions with census cohorts

Variables Parameter  St. error t-ratio 95% interval
Age 0.098462  0.008572 11.49 0.08166 0.11526
Age? -0.00104  0.000102 -10.21  -0.00124  -0.00084
Qualification:
NCEAL of less 1.140166  0.144803 7.87 0.856353 1.423979
Other qualification 0.838240  0.149931 559 0.544376 1.132105
Postgraduate 0.254493  0.16786 152  -0.07451 0.583498
Qualification * Age
NCEAL of less -0.07840  0.007252 -10.81  -0.09262  -0.06419
Other qualification -0.05265  0.007503 -7.02  -0.06736  -0.03795
Postgraduate -0.01309  0.008307 -1.58  -0.02937  0.003191
Qualification * Age?:
NCEAL1 of less 0.000845  8.59E-05 9.84 0.000677 0.001013
Other qualification 0.000566  8.88E-05 6.37 0.000392 0.00074
Postgraduate 0.000222  9.78E-05 2.27 3.03E-05 0.000414
Census Year:
1986 0.108298  0.207209 0.52 -0.29783 0.514427
1991 0.06696  0.170536 0.39 -0.26729 0.40121
1996 -0.53894  0.193085 -2.79  -0.91739 -0.1605
2001 -0.64620  0.182301 -3.54  -1.00351  -0.28889
2006 -0.70154  0.164969 -4.25  -1.02488 -0.3782
2013 -0.94357  0.164824 -5.72  -1.26663  -0.62052
Year * Age:
1986 -0.01339  0.010686 -1.25  -0.03433  0.007555
1991 0.00020  0.008727 0.02 -0.0169  0.017305
1996 0.02899  0.009843 2.95 0.009696 0.04828
2001 0.03581  0.009192 3.90 0.017795 0.053828
2006 0.04014  0.008230 4.88  0.024004 0.056265

2013 0.04906  0.008156 6.02 0.033077 0.06505




Variables Parameter St. error t-ratio 95% interval

Year * Age%:
1986 0.000153 0.000128 1.19 -9.8E-05  0.000404
1991 -1.9E-05 0.000105 -0.19 -0.00022  0.000186
1996 -0.00033  0.000118 -2.80  -0.00056  -9.8E-05
2001 -0.00041  0.000109 -3.77 -0.00063 -0.0002
2006 -0.00044  9.68E-05 -456  -0.00063  -0.00025
2013 -0.00050  9.53E-05 -5.26  -0.00069  -0.00031
Ethnicity:
Mix-Euro -0.01934  0.008315 -2.33  -0.03564  -0.00304
Non-Euro -0.19165 0.007888 -24.29 -0.20711  -0.17619
Other -0.08432  0.010268 -8.21 -0.10444 -0.0642
Gender: Female -0.49744  0.008017 -62.05  -0.51315 -0.48173
Constant: 8.90887  0.169582 52,53 8.576487 9.241246

Number of obs = 71,430 R-squared = 0.241
F(17,71,412) = 773.69 Root MSE = 0.65857
Prob >F = 0.0000

Note: The default categories are: qualification = bachelors degree; census year = 1981; ethnicity = NZ
European; gender = male.

Based on our census data regressions, Figure B1 shows profiles of predicted incomes (for log income
in 2013) for individuals with different qualifications, from age 25 to 65. It can be seen that, except for
postgraduate qualifications, the premium associated with higher level qualifications tends to first
increase, then decrease, with age, and peaking around age 40-50.

Figure B1  Lifetime income profiles by age and qualification (2013)
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