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FOREWORD 

Rising living standards in modern societies 
are associated with rising consumer demands both for new 
products and for services such as health care, education 
and recreation. Since the end of the Second World War, 
Canada has become a predominantly urbanized, service 
oriented society. The service industries have increased 
their share of Canadian employment from about 40 per cent 
in 1946 to about 60 per cent at the present time. 

In its Seventh Annual Review, published in 
September 1970, the Council analysed growth and produc 
tivity change in the service sector. Health care and 
higher education, the two areas which had experienced 
the most rapid expansion, were singled out for special 
attention. 

In 1969 the Council requested Prof. W. Hettich 
to prepare a study on inputs, output and productivity 
change in the university sector, in order to provide in 
formation and an analytical basis for the Seventh Annual 
Review. In addition it was felt that the development of 
a conceptual framework broad enough to encompass a large 
and representative group of universities, and the presen 
tation of data for such a group of institutions, would 
be useful to further research. The Council is fully 
aware, of course, that the economic aspects are not the 
only ones relevant for policy formulation in education. 
Analysis of how effectively resources are used in the 
educational sector is important, however, and is be 
coming increasingly more so with the tremendous growth 
in the volume of productive resources being allocated to 
education. 

As is the usual practice with a study commis~ 
sioned by the Council, the contents are the responsibil 
ity of the author. Publication under our auspices means 
that the Council considers the present study to be a 
worthwhile contribution to public knowledge and to the 
understanding of key economic issues. 

Arthur J. R. Smith 
ChairmanJ 

Economic Council of Canada 
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CHAPTER 1 

INTRODUCTION 

Three years ago a conference attended by econ 
omists and statisticians and organized by the National 
Bureau of Economic Research was held in Ottawa. The 
participants met to discuss a group of topics summarized 
in the title "Production and Productivity in the Service 
Industries". Work for the conference grew out of the 
realization that the services have been a neglected area 
of economic research. Yet it is a well-known fact that 
the service sector in the developed countries has been 
expanding more rapidly than the primary or manufacturing 
industries, which have traditionally received more atten 
tion. 

The service sector includes a wide range of 
economic activities. Important service industries, such 
as banking, insurance and retail trade, form part of the 
private sector. A second group of activities, equal or 
larger in size, is carried out in the public sector or 
provided by nonprofit organizations that receive govern 
mental support. It is in the public sector that services 
have expanded most rapidly in recent years. In Canada, 
health and education are among the major growth industries. 
Expenditures in both areas have expanded faster than GNP 
throughout the 1960's -- a trend that is expected to 
continue into the present decade. 

The researcher who tries to deal with production 
processes or productivity in the service industries must 
face a host of problems not encountered elsewhere. A 
reading of the papers and proceedings from the Ottawa 
conference makes it clear that any discussion of prod 
uctivity in the services runs head on into the question 
of output measurement.l While the conceptual and statis 
tical difficulties that must be solved to measure output 
in an industry such as banking are considerable, the 
problems can become truly formidable when we study prod 
uctivity in the public sector where most services are not 

lVictor R. Fuchs, ed., Production and Productivity in the 
Service Industries, National Bureau of Economic Research, 
Studies in Income and Wealth, vol. 34 (New York: Columbia 
University Press, 1969). 
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Expenditures, Output and Productivity 

marketed or sold. Measurement problems go far in ex 
plaining the relative neglect of the service sector. 

Despite the difficulties that pose themselves, 
work on productivity in the service industries is neces 
sary and should proceed. While early attempts may have 
to resort to crude measures, it seems imperative to 
evaluate the performance of a sector that makes a steadily 
growing claim on the nation's resources. Research on 
productivity trends in the public sector is particularly 
needed, both because public funds are involved and because 
the statistical and conceptual basis for informed dis 
cussion is often lacking. As long as their limitations 
are kept in mind, even rough and ready measures can be 
helpful. 

It should perhaps be pointed out that research 
on productivity in the public sector cannot use the 
national income accounts as its statistical basis. The 
approach used in the accounts relies mainly on the costs 
of inputs to serve as estimates of output when dealing 
with nonmarketable goods and services. Clearly, it is 
not possible to relate output to inputs if we cannot 
measure output independently. The lack of a readily 
available statistical base suggests that it is best to 
deal with a particular component of public service out 
put at a time. By limiting himself to a specific indus 
try or activity, the researcher is most likely to make a 
useful contribution. 

Output and Productivity in University Education 

Higher education occupies a dominant place in 
the public sector. In Canada, higher education has been 
passing through a phase of very rapid development and 
expansion. Most of the available statistical indices 
enrolment, degrees, faculty members, investment in 
buildings and equipment -- have grown at annual rates 
of 10 to 15 per cent or more during the past decade. 
Nor has the period of expansion come to an end. Enrol 
ment projections point to further growth for the 1970's. 
While the population of college age will increase at a 
slower rate than in the recent past, a growing proportion 
of young people in the relevant age group will go on to 
college or university. 

2 
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Introduction 

In Canada, institutions of higher education are 
financed predominantly through public funds. As a result, 
higher education has claimed a steadily growing share of 
provincial budgets and intergovernmental transfers. To 
understand its full impact, one must look beyond public 
budgets, however. Resource use includes the economic 
value of student time, usually measured by forgone earn 
ings. If we take total resource use as the criterion, 
higher education ranks as a major industry. It has been 
estimated that activities related to universities and 
colleges in Canada now account for about 5 per cent of 
aggregate national economic activity.l 

In spite of the economic importance of higher 
education, little research on performance or productivity 
has been undertaken so far. As one observer recently 
remarked: "It is surprising how little and how spotty 
has been the professional economic analysis of the main 
working base of academic economists."2 One should point 
out, perhaps, that work is hampered by a lack of statis 
tical information on the operation of universities and 
colleges. In addition, there are certain gaps in the 
published data on student enrolment and degree production. 
Considerable resources are needed to assemble the data 
required for productivity research. 

The present Study is an attempt to extend prod 
uctivity analysis, as traditionally applied at the industry 
level, to the Canadian university sector. Our main inter 
est is in producti vi ty trends, i. e. movements in the 
ratio of total output to total inputs. In dealing with 
the university sector, we distinguish between two main 
activities: instruction and research. No attempt is 
made to evaluate productivity trends in research activity; 
the analysis is confined to instruction only. Spanning 
the years 1956-57 to 1967-68, the Study covers the recent 
period of rapid expansion in the university sector. It 
throws light on a central and much asked question: How 
has productivity been affected during the rapid increase 
in student enrolments? 

IDavid W. Slater, "Economics of Universities and Colleges", 
Notes for Presentation to the Meetings of the Canadian 
Economic Association, Winnipeg, 4 June 1970. 

2Ibid., p. 1. 
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Together with the analysis of productivity 
trends, the Study also pursues a second purpose. We have 
mentioned the data problems that beset the researcher in 
this area. The difficulties existing in the matching of 
information on inputs with information on output may serve 
as an illustration. To date, statistics on student enrol 
ments and degree production have been published for a dif 
ferent sample of institutions than that used for statistics 
on university operating expenditures. Thus it has not 
been possible to match the two sides of the production 
process without considerable guesswork. In the present 
Study we develop a set of statistical data which are 
consistent and which, at the same time, apply to a large 
and broadly representative group of 49 Canadian univer 
sities. All major tabulations of data are given for the 
group of 49 institutions as a whole, as well as for 
regional groupings in the Atlantic Provinces, Quebec, 
Ontario, the Prairie Provinces and British Columbia. I 
It is hoped that this information will be of use to other 
researchers interested in the economics of education. 

While little or no work on productivity in 
higher education has been carried out in Canada, we have 
a pioneering study on productivity trends in British uni 
versity education that points the way to research in other 
countries.2 As mentioned, the most difficult problems 
generally arise in defining and measuring output. These 
problems are compounded in education where the production 

IThe sample was chosen to be representative in the last 
year of the period covered, 1967-68. All the larger 
universities in existence at that time were included, 
together with most medium-sized ones. Nine new uni 
versities were added as they came into existence. The 
sample also contains a good representation of small in 
stitutions. (It does not include any community colleges, 
however.) It is estimated that the institutions covered 
in the Study account for 85 per cent of total enrolment 
in Canadian universities and degree-granting colleges. 
All institutions are listed in Appendix D, together with 
the years in which data on their operation have been in 
cluded. The same Appendix also contains a discussion of 
the problems encountered in matching statistics on opera 
ting expenditures with those on enrolment and degrees. 

2Maureen Woodhall and Mark Blaug, "Productivity Trends in 
British University Education, 1938-62", Minerva, vol. 3, 
no. 4, Summer 1965. 

4 



Introduction 

process is poorly understood and where intangible elements 
can play an important role. The authors of the British 
study, Maureen Woodhall and Mark Blaug, cut through the 
Gordian knot by postulating that universities produce 
two types of output -- graduates and research. This 
assumption, which will be examined in detail in the 
second chapter, also provides the basis for the present 
Study. In addition, we follow the two British authors 
in their treatment of research. Since no quantitative 
measure of research output is available, we limit our 
selves to measuring productivity change as it relates 
to graduates. Taking an independent study conducted 
under the direction of the Association of Universities 
and Colleges of Canada as our starting point, we proceed 
to estimate the costs of creating research for the sam 
ple of 49 institutions. These costs are then subtracted 
from aggregate expenditures. They are thus excluded from 
the final index of inputs that is used to calculate the 
desired measure of productivity change. 

While the conceptual framework has been derived 
largely from the British study, a major modification had 
to be introduced. Data on university expenditures are 
available on an annual basis only. They apply to the 
institution as a whole and are related therefore to en 
rolment rather than to the number of graduates. In an 
educational system that is undergoing rapid and uneven 
growth, the ratio of graduates to the total student body 
will change from year to year. This means, in turn, that 
there is no simple relation between inputs, as measured 
by university expenditures, and output, as defined in our 
Study. The resultant matching problem, perhaps the most 
interesting aspect of the analysis, will be dealt with 
in a separate chapter. A model of student flows will be 
presented and used as a basis for the adjustment of in 
puts so as to make them comparable to annual measures of 
instructional output. 

The material of the Study is organized into 
six chapters. First, we deal with the definition and 
measurement of output (Chapter 2). This is followed by 
a chapter on inputs and resource use in the university 
sector. The procedure of adjusting inputs for system 
growth is explained in Chapter 4. Finally, we present 
productivity indices and a discussion of results. The 
Study ends with a brief chapter of conclusions. 

5 



CHAPTER 2 

THE MEASUREMENT OF OUTPUT 

One can divide the activities carried on in uni 
versities into two major categories -- instruction and re 
search. Both terms must be interpreted broadly. Instruction 
stands for all activities associated with the teaching and 
learning process. It results in the formation of human 
capital, one of the main outputs of universities. Research 
activity, on the other hand, leads to the creation of new 
knowledge. In addition, it incluàes the management of the 
existing stock of knowledge, which must be kept accessible 
in order to retain its usefulness. 

Graduates as a Measure of Output 

Economists have generally looked on education as 
an investment process. By attending university, students 
acquire knowledge and skills that remain useful for many 
years after graduation. In benefit-cost analysis -- the most 
common approach to education taken by economists -- it is 
assumed that such skills carryover directly into the labour 
market, resulting in higher earnings for university gradu 
ates. Benefit-cost studies have estimated rates of return 
on investment in human capital through education by com 
bining statistical information on income streams, level of 
education, and the expenditures associated with schooling. 

While the investment aspect of higher education 
has attracted the most comment, one should also draw atten 
tion to the long-term consumption benefits that result from 
education. Some skills acquired at university, such as 
skills in foreign languages, sports, music, and the arts, 
may not be directly useful in the labour market -- at least 
not for those students who do not specialize in these fields. 
Yet they may allow the educated person to enjoy a wide range 
of leisure activities which remain closed to others lacking 
such skills. Education is both an investment good and a 
consumer durable. Both the skills useful in the labour 
market and those enhancing consumption are part of human 
capital formation. I 

lOne should perhaps also mention the immediate consumption 
benefits that students enjoy from attending university. 
No doubt, there are aspects of college life that have 
entertainment value. 

7 
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It has often been suggested that education creates 
social benefits or externalities in addition to the private 
benefits mentioned so far. Such benefits cannot be captured 
by the individual himself but accrue to society at large. 
Thus it has been claimed that the presence of an educated 
or skilled person may raise the productivity of those 
working with him on the same project or task. A somewhat 
different argument relates externalities to the quality 
of political and social life. In Canada, it is felt, for 
example, that a widespread knowledge of both official 
languages will lead to an improvement of the political 
process. While social benefits are often discussed in 
the literature, they have not so far been integrated into 
the quantitative work on the economics of education. Their 
intangible nature renders them elusive to the researcher 
who is trying to measure actual benefits. 

The discussion would seem to suggest that the 
concept of human capital formation provides the most prom 
ising approach to the measurement of output in education. 
It has been pointed out that our Study deals with univer 
sity education at the industry level. The goal is to 
measure total output or value added for the industry on 
an annual basis. The work on human capital would suggest 
that the total formation of human capital in a given year 
should be defined as the system's output from instructional 
activities. 

Unfortunately, it is not possible to quantify 
such a concept of output for the system as a whole. To 
make use of the available statistical information, we must 
adopt a simpler measure. While we cannot estimate the 
value of the human capital being created, we can count 
the students who leave the university system, carrying 
the knowledge and skills that they have acquired with them 
into the labour market. Thus our index of output is based 
on the number of graduates produced by the system each 
year. In addition, we adopt a weighting procedure reflec 
ting the market value of different degrees. lOur output 
measure thus reflects both quantity and relative prices. 

ISome graduates, most of them women, will not enter the 
labour force. In calculating our weighted measure of 
output, we abstract from this problem, treating all 
graduates as entrants into the labour market. 

8 



Measurement of Output 

The use of degrees as a measure of output gives 
rise to some problems of interpretation which should be 
briefly mentioned. (They will be dealt with in more 
detail in Chapter 5.) We are interested primarily in 
tracing productivity change over time. Ideally, we would 
like to base our analysis on a unit of output that remains 
constant over the years. Does a degree in engineering, 
science or liberal arts represent the same thing in 1967-68 
as it did in 1956-57? The answer is difficult to provide. 
If we consider that a degree is a composite unit of output 
containing some investment in human capital, some durable 
consumption benefits, some immediate consumption which was 
enjoyed in the years preceding graduation, and a component 
of external or social benefits, we have to realize that 
anyone of these elements could change over time. In 
addition, the balance among the four components may alter. 
It is impossible to measure such changes in a quantitative 
manner. In the analysis of productivity indices in Chap 
ter 5, we shall advance some indirect evidence to threw 
light on possible changes in the unit of output. 

Growth in the Number of Degrees 

Between 1956-57 and 1967-68, the number of 
degrees granted annually increased very rapidly. This 
can be seen from Table 2-1 where data on degree production 
are presented for the group of 49 universities. (Statis 
tical tables giving the same data for the five regions 
are contained in Appendix E.) As is apparent, the com 
position of total degree output changed considerably over 
the 12 years. If we calculate average rates of growth, 
we notice marked differences between levels of study and 
among fields or disciplines. Graduate degrees increased 
more rapidly than undergraduate degrees -- at 16.6 com 
pared with 11.6 per cent. However, very rapid expansion 
took place in some areas of undergraduate study. The 
output of general degrees in science grew at an average 
rate of 16.9 per cent; in arts, at 15.6 per cent. In the 
honours programs, the rates were 16.1 and 14.7 respec 
tively. Education also showed rapid advance with an 
average rate of 15.6 per cent. On the other side of the 
spectrum, we note engineering with a growth rate of only 
3.9 per cent. Relatively slow growth also occurred in 
commerce (9.7 per cent) and the health disciplines (7.6 
per cent) . 

9 
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Measurement of Output 

The uneven pattern is repeated if we compare 
rates of growth from one year to the next. Table 2-2 
gives annual rates of increase in degree output for the 
graduate and undergraduate programs. For graduate degrees, 
the rates vary from 3.6 to 28.7 per cent; for undergraduate 
degrees, the lowest rate is 4.6 per cent while the highest 
is 17.4.1 

Table 2-2 _---- 
ANNUAL RATES OF GROWTH IN DEGREE PRODUCTION 

49 CANADIAN UNIVERSITIES AND COLLEGES 

Under- Annual Annual Total Annual 
graduate Rate of Graduate Rate of Number of Rate of 

Year Deg rec~_~IO\vth Degrees Growth Degrees Growth 

1956-57 12,428 1,574 14,002 
1957-58 13,485 8.5 1,665 5.8 15,150 8.2 
1958-59 14,461 7.2 1,872 12.4 16,333 7.8 
1959-60 15,120 4.6 2,272 21. 4 17,392 6.5 
1960-fil 16,300 7.8 2,589 14.0 18,889 8.6 
1961-62 18,709 14.8 3,121 20.5 21,830 15.6 
1962-63 20,897 11. 7 3,818 22.3 24,715 13.2 
1963-64 24,517 17.3 3,955 3.6 28,472 15.2 
1964-65 28,018 14.3 4,530 14.5 32,548 14.3 
1965-66 31,137 11.1 5,832 28.7 36,969 13.6 
1966-67 35,148 12.9 6,999 20.0 42,147 14.0 
1967-68 41,250 17.4 8,331 19.0 49,581 17.6 

Source: Table 2-1. 

Weighting Degrees 

How can we combine degrees in different fields 
and at different levels into a composite output measure? 
Since we are seeking a measure reflecting economic valua 
tion in this Study, we look to the labour market for an 
indication of value. It is well known that university 

lAnnual rates of growth in enrolment also fluctuate, 
although somewhat less violently. For undergraduate 
programs, rates vary from 7.9 to 16.8 per cent. Gradu 
ate enrolment varies from 11.0 to 33.2 per cent. For a 
discussion of the data on enrolment, see Chapter 4. 
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Expenditures~ Output and Productivity 

graduates command different starting salaries, depending 
on what type of degree they hold. Engineers generally 
earn more than holders of a general arts degree; appli 
cants with a doctoral degree are offered a higher salary 
than candidates with a master's degree. 

In constructing the index of total output, we 
make use of information on starting salaries.l Such data 
are published on an annual basis by the Department of Man 
power and Immigration.2 In calculating weights, we have 
used the starting salary of a graduate with a degree in 
general arts as our base, setting it equal to one. Other 
starting salaries are expressed as multiples of this base, 
and degrees in each category are multiplied by the appro 
priate weight. 

Other Components of Instructional Output 

In addition to degrees, universities and colleges 
award diplomas in a variety of disciplines. Information on 
the number of diplomas granted, by field, was obtained from 
records made available by the Dominion Bureau of Statistics. 
The data are presented in Table 2-3. The output of diplo 
mas grew at a rate of 13.6 per cent, slightly below the 
rate of increase in degrees. It is likely that the recent 
emergence of community colleges, which offer competing 
diploma courses in most fields, will slow down the growth 
of diploma production in universities. 

lIn theory, the weights should reflect discounted lifetime 
earnings differentials rather than starting salaries. The 
assumption implied in our discussion is that the two are 
roughly proportional. Such proportionality would be viola 
ted if lifetime earnings profiles were to differ drastically 
among fields. While there is some variation in the earn 
ings profiles of different graduates, such differences do 
not seem important enough among the college-educated to 
affect our conclusions. It would be quite impossible to 
obtain enough data on lifetime earnings profiles to use 
these as a basis for the weighting procedure. 

2A complete list of sources is given in Appendix A. 

12 



t"'l 
I 
N 

III 
t) 
k 

I u 

I"-CIOOIO~NM""'III\I)I"-CIO 
111111111\1)\1)\1)\1)\1)\1)\1)\1)\1) 
I I I I I I I I I I I I 

\l)I"-CIOOIO~NM""'III\I)1"- 
111111111111\1)\1)\1)\1)\1)\1)\1)\1) 
010101010101010101010101 ~~~~~~~~~~~~ 

t"'lOOl'<l'r-r-~t"'l\l)'<I't"'l\j,) 
r-r-'<I'CO'<l'r-\I)r-t"'lr-lllt"'l 
COr-OI111Olt"'l'<l'r-r-\I)\I)~ , , , , , , , , , , , , 
'<I''<I''<I'MMlllllllII\l)MMlll 

'<I'M~~lllOlNOIOION.-i 
Nllllll'<l'NlllCON~\I)\I)'<I' 
Nr-~'<I'lll.-iOO.-illl'<l'r- 

.-i ~ ~~.-i.-i 

~\I)COIII~OIN'<I'M\I)OI'<1' 
0'1\1)\1) III r-r-\I)NlllN III CO 

~'<I'NNN 

'<I'~OIllNO'I.-i~O\l)III\I) 
O'IMO\l)\I)O'I'<1'O'Ir-O'I\1)'<I' 
r-O'IO'1~Nr-O'I~CIOr-IIIN 

~~~NNNNMM.-i.-iN 

COO'lM\I) r-t"'l CIO'<I''<I'N COO 
OIr-NOO'<l'IIIr-lllM\I)r 
~Nt"'lNN'<I'\I)MMNNM 

O'IC1OIIICIOIII~r-COONNO 
\l)r-r-NNNO'INN'<I'.-i'<l' 
"'''''<I'NNM~III\I)'''OOM . ~ 

~t"'lIllNr-M~OO'lO'lO'lM 
MI"-NM""'''''''COO'lr-CO\I) 
NNNM'<I'~.-i~.-i~~~ 

\l)Or-I"-OMOr-~O'ICO~ 
"'0'I01ll~~"''<I'NMO'ICI\ 
\l)1"-cx)~N""'MM~ 

13 

. 
Q 

~ . ..; 

I 
III 
III 
til 

.. 
III 

~ o 
til 



ExpendituresJ Output and Productivity 

Some major difficulties arise when we try to 
combine the data on diploma output with information on 
the number of degrees. There are apparently great dif 
ferences in the requirements for diplomas of various kinds. 
It is not easy, therefore, to establish some equivalence 
between degrees and diplomas. Furthermore, we have no 
data on the starting salaries of diploma-holders. In 
making our calculations, we have used the somewhat arbi 
trary rule of counting three diplomas in a given field 
as equal to one undergraduate degree in the same area of 
study. For lack of better information, the relative 
weights derived from starting salaries for degree-holders 
were applied also to diplomas.l 

While diplomas can be counted, there is another 
component of output about which we lack all necessary 
information. The available education statistics contain 
no data on withdrawals, i.e. students who complete part 
of a degree program but do not remain to earn their degree. 
The education obtained by these students obviously has some 
value; human capital is being created while they attend 
university. Ideally, we should adjust our index of output 
upwards to account for withdrawals. 

While no official statistics exist, it would be 
possible to make some rough estimates of withdrawal rates, 
based on information from one or two studies at the micro 
level. This procedure is followed in Chapter 4, although 
for a different analytical purpose. Estimates of the level 
of withdrawal rates will not be enough in the present con 
text, however; it would be necessary, in addition, to draw 
inferences about changes in such rates over time. To 
simply adjust output upwards by a fixed percentage will 
not affect the Study's findings. Only an adjustment that 
alters the rate of growth in output will have an impact 
on productivity indices. Since we lack any information 
on changes in withdrawal rates, we have refrained from 
making an adjustment in our measure of output. 

Measures of Total Output 

We are now in a position to construct measures 
for total output from instructional activities. Four 
series will be used in the analysis of productivity trends. 
The first two are unweighted, representing simply the sum 

lMost diplomas are given at the undergraduate 
was not possible to separate out those which 
for graduate work. 

level. It 
are awarded 
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Measurement of Output 

of degrees, and the sum of degrees together with converted 
diplomas. They will be used as a counterpart to the 
weighted measures. While the latter two corne closer to 
realizing the concept of output discussed above, they are 
based on purely economic weights and on weights that reflect 
only the investment component of degrees. In addition, it 
should be noted that a simplifying assumption about labour 
force participation forms part of these measures. Since 
it is not known how many graduates actually enter the labour 
market and obtain a position, one must assume that all 
graduates do so. Our approach thus forces us to treat 
women who withdraw from the labour force in order to get 
married and become housewives in the same manner as college 
graduates with an average labour force career pattern. 
Since we shall introduce a parallel assumption on the input 
side, this treatment does not, however, result in incon 
sistent measurement. The four output series, totalled for 
the group of 49 institutions, are given in Table 2-4. 

Table 2-4 

MEASURES OF OUTPUT FROM INSTRUCTIONAL ACTIVITIES 

Sum of Wei9:hted Sum of 
Degrees plus Degrees plus 

Converted Converted 
Year De9:rees Di1210mas De9:rees Di1210mas 

1956-57 14,002 15,626 15,814 17,649 
1957-58 15,150 16,740 17,075 18,885 
1958-59 16,333 17,983 18,421 20,284 
1959-60 17,392 18,587 19,645 21,058 
1960-61 18,889 20,205 21,364 22,865 
1961-62 21,830 23,622 24,619 26,620 
1962-63 24,715 26,535 28,143 30,207 
1963-64 28,472 30,396 31,595 33,758 
1964-65 32,548 34,793 36,481 39,247 
1965-66 36,969 38,194 41,716 43,179 
1966-67 42,147 43,365 47,654 49,081 
1967-68 49,581 51,293 55,727 57,758 

Note: Diplomas are counted as one-third of one degree in the same 
field of study. 

Source: Tables 2-1 and 2-3, and Appendix A. 
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Research 

There are many indications that research acti 
vity has grown as rapidly as the production of degrees. 
Unfortunately, there is no readily available statistical 
material with which this growth can be documented. Some 
attempts have been made in the past to use the number of 
publications as an index of research output. A recent 
compilation shows, for example, that at the University 
of Toronto the ratio of publications to faculty members 
has been rising steadily. I Although informative, such 
indices are often hard to interpret. How does one aggre 
gate different types of publications into a single meaning 
ful measure? Should three articles be counted as the 
equivalent of one book? Does it matter in what journals 
they have been published? In order to answer such ques 
tions in a satisfactory manner, one would need to be 
acquainted with many fields and disciplines. It should 
also be noted that information on the number of publica 
tions is scattered in a great many different places. The 
best available sources of information -- the annual reports 
of universities -- are often incomplete and out of date 
when published. 

In this Study, we make no attempt to construct 
an index of research output. Instead, we shall try to 
determine the amount of resources used for the production 
of research and subtract it from total inputs. The 
adjustment procedure is discussed in more detail in the 
next chapter. 

lCommittee of Presidents of Universities of Ontario, 
"Brief to the Committee on University Affairs", December 
1969, p. 21. 



CHAPTER 3 

THE MEASUREMENT OF INPUTS 

University education is an expensive process, even 
if we limit consideration to those costs which are borne by 
the university budget. Yet the budgetary statements of edu 
cational institutions, while of interest to the taxpayer, do 
not account for the total of inputs. To measure total re 
source use, one must include the contribution of students 
who, as participants in the educational process, incur both 
direct expenses and indirect costs. The latter, generally 
measured by forgone earnings, add up to more than twice the 
amount spent for the operation of educational institutions. 
Finally, it is necessary to take account of the resources 
that derive from the communities in which universities and 
colleges are located; these institutions generally receive 
municipal services, necessary for their proper functioning, 
without paying full compensation. In order to measure prod 
uctivity, all such resource costs must be added together so 
that we can contrast total input or resource use with total 
educational output for the university system. 

University Resource Use 

The bulk of resources used by educational institu 
tions is reflected in annual operating expenditures. The 
Dominion Bureau of Statistics (DBS) and the Canadian Asso 
ciation of University Business Officers (CAUBO) both collect 
and publish information on university expenditures. The 
researcher who wants to make use of their figures is faced 
with a number of problems, however. Both organizations 
publish only the consolidated accounts for a large group of 
institutions. Since the size of this group is altered over 
time, the researcher is prevented from establishing a repre 
sentative historical picture, or from choosing his own sample 
as a basis for analysis. In the present Study, it has been 
possible, with the co-operation of the Dominion Bureau of 
Statistics, to establish time series data on expenditures 
for a consistently defined sample. This was accomplished 
by going back to the original questionnaire forms for the 
years 1959-60 to 1967-68. Beyond 1959-60, use was made of 
the data collected by the Canadian Association of University 
Business Officers. 1 

IData sources are discussed in more detail in Appendix B. 
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Measurement of Inputs 

Table 3-1 presents operating expenditures for the 
sample of 49 universities. All figures are in current dol 
lars. The table, which is broken down by major category, 
points to very rapid growth. Expenditures in the largest 
category, called "Academic and Library", increased at an 
annual rate of 22.7 per cent. Rates of growth in the other 
categories are of similar magnitude; average annual increase 
in total operating expenditures was 22.3 per cent. 

Expenditures for Research 

We have pointed out that our final measure of 
productivity will concern instruction only; research, the 
second major activity in universities, is to be excluded 
from consideration. As a result, we must find some way of 
isolating the proportion of resources used for the produc 
tion of research. 

Table 3-1 includes the category "Assisted Re 
search". It consists of those funds which the universities 
receiv.e from outside sources, mostly from the federal re 
search councils and selected federal agencies, to carry out 
research projects. It is clear that this item must be 
removed if we want to identify instructional expenditures. 
It is equally clear, however, that funds in this category 
do not tell the whole story. Thus the research councils 
will support projects through grants that cover research 
expenses, but they do not, in general, pay the salary of 
the academic researcher who devotes a part of his time to 
the project. He is considered an employee of the univer 
sity which pays him both to teach and to conduct research. 
Thus a part of his regular salary should be allocated to 
research activity. A similar argument applies to the use 
of office space and university facilities. 

To conduct a careful study of the allocation of 
resources between teaching and research is a large-scale 
undertaking. Not much can be learned from published sta 
tistics; information suitable for an analysis of this type 
must be collected separately from a large number of uni 
versities, whose co-operation is required. Such a study 
must ask questions about the allocation of faculty time 
among such different activities as teaching, supervision, 
administration and research. It must deal with the role 
of research in graduate instruction. Finally, information 
on the use of university facilities must be analysed. 

While it was not possible to make an indepen 
dent investigation of the allocation of resources between 
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Expenditures~ Output and Productivity 

instruction and research, we were fortunate in obtaining 
an estimate of total resource use for research from the 
unit cost study sponsored jointly by the Association of 
Universities and Colleges of Canada (AUCC), the Canadian 
Association of University Business Officers (CAUBO), and 
the Canadian Association of University Teachers (CAUT). 
This study, which is based on data for 1966-67 from 23 
Canadian universities, represents one of the most compre 
hensive projects yet undertaken. All costs are distributed 
among three basic activities (instruction, student research 
and thesis supervision, and research) and broken down by 
faculty and department. Different methods of allocation 
are used: salaries are distributed on the basis of a ques 
tionnaire on the use of faculty time; plant maintenance is 
allocated on a per-square-foot basis; expenditures on ad 
ministration are assigned in accordance with a percentage 
distribution derived from other direct costs. Expenditures 
on library facilities and library use are broken down into 
four categories and allocated according to separate for 
mulas.1 In this Study, we take all direct and indirect 
costs assigned to the third activity -- research. It should 
be noted that our figure of total resource use for research 
does not include expenditures on student research and thesis 
supervision.2 

The authors of the unit cost study prepared, for 
each institution in their sample, an estimate of total re 
search costs. Our use of these data involved two steps. 
First, a regression analysis was conducted in order to de 
termine whether research expenditures as calculated in the 

IFor a more detailed discussion of allocation procedures, 
see An Exploratory Cost Analysis of Some Canadian Uni 
versities (Ottawa: Association of Universities and Col 
leges of Canada, 1970). 

2Where the division between the two activities was in 
doubt, respondents were asked to favour research. The 
instructions contained the following sentences: "It is 
recognized that there may be difficulty at times in 
deciding whether the directing of a graduate student's 
research activity should be allocated to research or to 
supervision of thesis work. When the research activity 
of the graduate student contributes to the research pro 
gram of the faculty member, the larger proportion of the 
supervision may be allocated to the research programme." 
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Measurement of Inputs 

unit cost study were related systematically to other 
variables describing the institutions. The following 
regression was fitted:l 

RE = .9172 AR + .2191 DE 

(4.870) (7.119) 

R2 = .983 

The symbols AR and DE stand for assisted research and 
total operating expenditures. T-ratios are given in 
brackets. As the value of Ë2 indicates, the regression 
is highly successful in explaining variations in total 
resources for research (RE). 

Next it was assumed that the relationship fitted 
for these institutions would apply also to the larger 
sample including 49 universities. The regression coeffi 
cients were taken as given and combined with information 
on AR and DE for the larger group. It was estimated that 
total resources for research amounted to $178,156,000 in 
1966-67. The same approach was used in calculating RE 
for the remaining years on the assumption that the relation 
ship between RE and the two independent variables did not 
change over the period. The results of these calculations 
are presented in Table 3-2. 

Table 3-2 

ESTIMATE OF TOTAL RESOURCE USE FOR RESEARCH 
49 CANADIAN UNIVERSITIES AND COLLEGES 

(Thousands of dollars) 

Year 
Resource Use 
for Research 

1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

24,253 
28,194 
34,382 
42,075 
49,048 
59,406 
68,119 
81,403 

105,325 
134,934 
178,156 
231,946 

Source: See text. 

lAuthorization to use institutional data was obtained 
from each university included in the regression analysis. 
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Depreciation and Imputed Interest 

University operating expenditures, as reported 
by DBS and CAUBO, do not include any allowance for depre 
ciation.1 Yet educational institutions are no different 
from establishments in the private sector in their use of 
buildings and equipment. Educational structures, while 
somewhat more durable than commercial buildings, deterior 
ate through use and have to be replaced eventually. The 
same applies to machinery and equipment in universities. 
In addition, obsolescence may be rapid for certain types 
of specialized research equipment. In order to arrive at 
an estimate of total resource cost, one has to make allow 
ance for the use of the capital stock. 

Realistic estimates of depreciation are difficult 
to obtain. The universities have paid little attention to 
the capital stock in their financial reporting. As a result, 
the value of buildings and equipment remains unknown for 
the large majority of institutions. 

For the present Study, an attempt was made to 
build up a capital stock series for the 49 universities, 
using reported book value and reported insured value. 
(The results are given in Appendix B.) This series was 
then compared with one compiled by DBS and the Department 
of Trade, Industry and Commerce. It was judged that the 
two series were sufficiently close to be both applicable 
for the present purpose.2 In the following analysis, the 
DBS series has been used since it extends over the whole 
period, while information on book value and insured value 
were available only from 1960-61 on. Estimates of depre 
ciation are those made by DBS and are based on an assumed 
life of 50 years for structures and 20 years for machinery 
and equipment. A straight-line method of depreciation has 
been used. Table 3-3 gives total depreciation in current 
dollars for the 12-year period. 

IThe questionnaires sent out by the two organizations 
instructed the responding universities and colleges to 
include depreciation, if it was charged, among extra 
ordinary expenditures. 

2The DBS sample includes a number of small institutions 
which do not form part of the universities and colleges. 
While depreciation is somewhat overstated as a result, 
the difference appears to be unimportant. 

22 



Measurement of Inputs 

Table 3-3 

DEPRECIATION AND IMPUTED INTEREST 
CANADIAN UNIVERSITIES AND COLLEGES 

(Millions of dollars) 

De12rec1at1on 
Build- Equip- Imputed 

Year in9s ment Interest Total 

1956 7.80 1. 70 21. 20 30.70 
1957 8.32 1. 95 22.75 33.02 
1958 9.22 2.20 25.25 36.67 
1959 10.36 2.60 28.50 41. 46 
1960 11.88 3.15 32.85 47.88 
1961 13.50 3.85 37.60 54.95 
1962 15.40 4.60 43.10 63.10 
1963 17.68 5.65 49.85 73.18 
1964 20.26 6.85 57.50 84.61 
1965 25.58 8.50 72.45 106.53 
1966 32.30 10.55 91. 30 134.15 
1967 37.20 13.20 106.20 156.60 

Source: Dominion Bureau of Statistics 
and estimates by the Economic 
Council of Canada. 

While depreciation estimates reflect the use 
and deterioration of the capital stock, additional costs 
are involved in the provision of buildings and equipment. 
Account must be taken of imputed interest on the funds 
necessary for capital construction. 

There has been much discussion about the interest 
rate appropriate for analysing government projects, and 
opinions on the subject remain divided. It is not possible 
here to summarize the highly technical debate. In our cal 
culations, we have chosen a rate of 5 per cent which places 
us somewhere between the advocates of low rates for public 
projects and those who argue for the use of rates derived 
from the commercial sector.l Imputed interest in Table 3-3 

lPive per cent is approximately equal to the average rate 
at which provincial governments were able to borrow during 
the 12-year period. See David Stager, "Monetary Returns 
to Post-Secondary Education in Ontario", unpublished 
Ph.D. dissertation, Princeton University, 1968, pp. 85-91, 
for a more detailed discussion, and for alternate esti 
mates applying to Ontario. 
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thus consists of an amount equal to 5 per cent of the 
gross stock of equipment and buildings.l 

Resource Contribution by Students 

Students incur both direct and indirect resource 
costs by attending university. Direct expenses include 
expenditures on books and supplies, expenditures for travel 
to the university, anq a differential in living costs for 
those who live away from home. (Living expenses that would 
have to be incurred regardless of whether the person is in 
college or not are not counted as resource costs.) 

Indirect expenses arise mainly because students 
are prevented from earning an income while in school. For 
gone earnings are thus a measure of resource costs -- both 
to the student in his decision-making and to society as a 
whole, which loses economic output because of smaller labour 
force. 

When we construct estimates of forgone earnings, 
an interesting question arises concerning the treatment 
of scholarships or financial assistance. Should forgone 
earnings be reduced by the amount that students receive 
in financial support? It is clear that the individual 
student's opportunity costs are reduced when he receives 
a scholarship. However, the costs to society are in no 
way diminished; economic output forgone remains unchanged. 
This suggests that no adjustment should be made. It also 
suggests, however, that we must be careful to avoid double 
counting. If scholarships are not deducted from forgone 
earnings, it is not proper to include scholarships as an 
item in operating expenditures. As a result, we have 
to subtract column 5 in Table 3-1 from the expenditure 

lIn addition to interest, we should also impute rent on 
university-occupied land. Unfortunately, there are no 
records to estimate land values for our group of institu 
tions. It may be noted, however, that some studies have 
placed the value of land at around 15 per cent of total 
fixed assets (Stager, Zoe. cit.). As pointed out, the 
figures used in Table 3.3 are somewhat overstated because 
the sample of institutions used by DBS in estimating capi 
tal stock is more inclusive than the group of 49 insti 
tutions. Checks on the data suggest that the difference 
is in the neighbourhood of 10 per cent. Thus it is reason 
able to assume that the estimate of imputed interest in 
Table 3.3 includes an allowance for imputed rent. 
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total. In the calculations of resource use that follow, 
this exclusion has been consistently made. 

Table 3-4 presents estimates of direct expenses 
and forgone earnings in current dollars for the l2-year 
period. Forgone earnings have been estimated separately 
for graduates and undergraduates. For graduate students, 
information on annual starting salaries for college gradu 
ates was used. Forgone earnings of undergraduate students, 
on the other hand, represent the average income of labour 
force participants in the relevant age group with a com 
pleted high school education. An allowance for summer 
earnings has been subtracted for both graduates and under 
graduates.1 Forgone earnings have not been adjusted by 
sex. Since our weighted output measures do not take 
male-female salary differences into account, we must 
base our estimates of wages forgone on data for males 
only in order to maintain consistency. 

Table 3-4 

FORGONE EARNINGS AND DIRECT EXPENDITURES OF STUDENTS 

(In current dollars) 

FORGONE EARNINGS DIRECT EXPENDITURES 
Graduate 

Master's Level Doctoral Level 
Under- Arts and Arts and Under- 

Year 2raduate Science Other Science Other 2raduate Graduate 

1956-57 1,921 2,791 3,007 2,947 3,355 271 354 
1957-58 2,048 3,010 3,250 3,238 3,658 300 399 
1958-59 2,181 3,240 3,504 3,552 3,984 332 449 
1959-60 2,323 3,495 3,783 3,903 4,335 367 506 
1960-61 2,472 3,760 4,084 4,276 4,720 406 570 
1961-62 2,623 4,049 4,397 4,685 5,129 448 642 
1962-63 2,756 4,127 4,535 5,099 5, III 466 659 
1963-64 2,894 4,226 4,598 5,102 5,246 485 677 
1964-65 3,039 4,538 5,006 5,354 5,654 505 695 
1965-66 3,190 4,906 5,314 5,782 6,070 526 714 
1966-67 3,349 5,499 6,039 6,363 6,975 547 733 
1967-68 3,517 5,729 6,365 6,857 7,265 569 753 

Note: Forgone earnings are equal to annual earnings minus summer 
earnings. 

Source: See Appendix B. 

IThe estimate of summer earnings takes account of student 
unemployment during vacation time. For a detailed dis 
cussion of methodology and a description of the statis 
tical sources, see Appendix B. Because of data problems, 
estimates of forgone earnings have not been adjusted for 
receipts from part-time work. 
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Resource Contribution by Municipalities 

In most communities with a university, the 
municipal government provides the university with certain 
services for which no direct reimbursement is received. 
This includes services such as police and fire protection, 
both necessary for the functioning of an educational in 
stitution and thus contributing to the resource costs of 
higher education. It may include such additional services 
as street lighting and snow removal although universities 
will generally pay the total or part of the costs in this 
case. Finally, it will include the use of the community's 
recreational facilities by students if it can be argued 
that the university would have to provide such facilities 
in the absence of those existing in the community. 

So far, not much work has been carried out on 
the costs of municipal services provided to universities. 
A number of institutions were approached for information 
on the subject, but po publishable statistical data could 
be obtained. Most universities have not concerned them 
selves with the problem. Those which have taken an 
interest have done so because of pressures from the local 
community and they tend to consider information on the 
subject politically sensitive. 

The estimates used in this Study are derived 
from data on municipal expenditures in the City of Ottawa, 
which has two universities within city limits. Total 
municipal expenditures on those functions which seemed 
relevant to the operations of the two universities were 
calculated. A share of these expenditures was then allo 
cated to the two institutions in proportion to the total 
assessed value of their property. I The result -- total 
resource use from municipal services for Carleton Univer 
sity and the University of Ottawa -- was further divided 
by enrolment in order to arrive at a per-student cost. 
Finally, the per-student figure for each year was multi 
plied by enrolment in all 49 institutions, thus giving an 
estimate for Canada as a whole. The results of these 

ISome studies have used estimates of "forgone property 
taxes" to indicate the value of municipal resource use 
by universities. This would not be correct in the 
present context since taxes include redistributive 
elements. What is needed is a determination of the 
costs that communities incur in supplying universities 
with services. For a further discussion of methodology, 
see Appendix B. 
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calculations are presented in Table 3-5. While it is 
clear that the method of estimation is crude, it may be 
noted that per-student costs, as calculated for Ottawa, 
did not diverge greatly from the somewhat fragmentary 
data that were obtained from administrators. However, 
the topic requires further study and research. 

Table 3-5 

VALUE OF MUNICIPAL SERVICES 
49 UNIVERSITIES AND COLLEGES 

(Thousands of dollars) 

Year 
Value of 

Municipal Services 

1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

3,087 
3,425 
3,735 
4,205 
4,532 
4,714 
5,171 
5,700 
6,947 
9,181 

12,161 
11,404 

Source: See text and Appendix B. 

Total Inputs 

In this chapter we have discussed the major 
inputs into the educational production process. Total 
input is merely the sum of these components. However, 
before we can compare inputs to output to arrive at a 
measure of productivity, we must make a series of 
adjustments to reflect the consequences of growth in 
the educational system. In Chapter 4 we shall develop 
the theoretical basis for these adjustments and present 
the final estimates of resource input. 
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CHAPTER 4 

ADJUSTING INPUTS FOR SYSTEM GROWTH 

The main purpose of our Study consists of 
measuring inputs and output for the Canadian university 
system and of relating the two in order to arrive at 
indices of productivity change over time. As outlined 
in the second chapter, output is defined as the weighted 
number of degrees or graduates in a given year. Inputs, 
on the other hand, are measured by total resource use for 
the system in the same year. The major conceptual problem 
inherent in this approach was summarized succinctly by 
Tore Thonstad when he discussed the work on productivity 
measurement by Woodhall and Blaug: 

... costs in a given year should be compared to the 
number of pupils in that year rather than to the 
number of graduates. Suppose, for the sake of argu 
ment, that costs per pupil were constant over time. 
Then the annual costs in relation to the number of 
graduates would be higher in an expanding system 
than in a stationary one.1 

Thonstad's criticism can be stated in a different 
manner. If output consists of the number of degrees in a 
given year, we should relate it to a measure of input that 
includes the total of expenditures necessary for the com 
plete education of the graduating class. It is not correct 
to relate output to total annual resource costs for the 
system as a whole. 

Unfortunately, it is not possible to estimate 
the total cost of educating a particular graduating class. 
Enrolment statistics do not allow us to follow the passage 
of students through the system from their freshman year to 
graduation. More important yet, the data on university 
expenditures are reported only on an annual basis and for 
the institution as a whole. A breakdown by level (year of 
study) or by program is not available. The researcher is 
forced to make use of aggregated annual totals. 

ITore Thonstad, Education and Manpower: Theoretical Models 
and Empirical Applications (London: Oliver and Boyd, 
1969), p , 14. 
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In the present chapter, we develop ~ simple 
model of student flows. The model is then used to make 
an adjustment for system growth. Since Canadian univer 
sities have expanded rapidly during the 1960's, the method 
of measuring inputs used so far overstates the true costs 
of annual degree production. Inputs as discussed in the 
preceding chapter must undergo a downward revision. 1 

Inputs and Output in a Stationary Educational System 

A stationary educational system may be defined 
as one that accepts the same number of new students each 
year. In addition, such a system will have constant 
retention rates and, as a result, it will produce the 
same number of graduates each spring. In Figure 4.1 we 
give a schematic representation of a stationary system. 
Each year, S new students are accepted. The program lasts 
three years after which time k3S students are graduated. 
The symbols k1 and k2 should be interpreted as the reten 
tion rates at the beginning of the second and third years. 
We may note that there are no repeaters in this systemj 
students who withdraw leave the program for good. All 
those who graduate complete their program within the 
three-year period. 

We may illustrate the operation of the system 
with a numerical example. Let us assume retention rates 
of .80 and .70. Then, if S equals 100, 80 students will 
continue into the second year and 70 into the third. 
If we assume, in addition, that the value of k3 equals 
.65, we know that the system will graduate 65 students 
in each year, beginning in 1957. 

We can now relate the discussion of inputs to 
the flow of students. We have argued that output (65 
graduates in 1957) should be related to the total cost 
of educating the graduating class (the Class of 1957). 
At the same time we have pointed out that expenditures 
and enrolments are available only as annual totals. 

lAs pointed out before, productivity trends are affected 
only by adjustments that change the annual rate of 
growth either in the measure of output or in the measure 
of inputs. In th~ present case we deal with an adjust 
ment that will affect input growth from year to year, a 
fact that becomes quite clear if we refer back to the 
uneven increase of degree output and enrolment mentioned 
in Chapter 2. 
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It is not possible, therefore, to calculate the number of 
students in the first, second and third year for a given 
graduating class. Nor can costs be allocated on this 
basis. 

FIGURE 4.1 

STUDENT FLOWS IN A STATIONARY SYSTEM 
(TH REE-YEAR PROGRAM) 

YEAR 
CLASS OF 

1957 
CLASS OF 

1958 
CLASS OF 

1960 
CLASS OF 

1959 

1955 

s 

s 

1956 

1957 s 

1958 s 

1959 

1960 

If we deal with a stationary system, the problem 
can be overcome. We may note from Figure 4.1 that the 
total number of students enrolled in a given year is 
equal to the "vertical count" of students in the gradu 
ating class of that year. In the Figure, the equality 
has been indicated graphically for enrolment in 1957 and 
the Class of 1957. It will also hold in a similar manner 
for all subsequent years. 

If we now make the assumption that costs per 
student remain unchanged from year to year, we can cal 
culate total expenditur.es for educating the Class of 
1957 in two ways. We can either take the sum of costs 
for the class in each of the three years from 1955 to 
1957 or we can take total expenditures for the system 
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in 1957; both methods must yield the same result.l 
This equality forms the basis for the method of adjust 
ment. 

Inputs and Output in a Growing Educational System 

In a growing system, the vertical count of 
students in any class is smaller than total enrolment 
in the year when the class graduates. Figure 4.2 gives 
a schematic representation of a growing system. 

FIGURE 4.2 

STUDENT FLOWS IN A GROWING SYSTEM 
(THREE-YEAR PROGRAM) 

YEAR CLASS OF CLASS OF CLASS OF CLASS OF 
1957 1958 1959 1960 

1955 

1956 XIS 

1957 klXIS X2S 

k3S 

1958 /k2XIS kIX2S X3S 

k3XlS 

1959 /k2X2S k1X3S 

k3X2S 

1960 /k2X3S 
k3X3S 

lBoth methods yield the same answer if we assume a zero 
interest rate. with a positive interest rate i, a dollar 
spent two years ago is equal to $1.00(1 + i)2 today. 
Because our adjustment will of necessity be a rough ap 
proximation, we shall disregard the interest rate. We 
shall also assume that costs per student remain unchanged 
for the duration of the degree program. Since costs per 
student typically increase over time, the effects of 
these two assumptions will tend to counterbalance. 
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As in Figure 4.1, we assume that S students enter 
the system in 1955. However, the freshman class in 1956 
has grown to XlS where Xl = 1 + rl. Similarly, the enrol 
ment of second-year students in 1957 has increased to klXlS 
from klS in 1956. To simplify the use of subscripts in 
later discussion, we define ri to equal the rate of growth 
in second-year enrolment. Expressed in general terms, 

j=O 
TI (1 + r.) 
i 1, 

(1) X 
i 

(Xo = 1). 

If we can calculate the number of students by 
which total enrolment for the system in year i (Ei) exceeds 
the vertical count for the class graduating in year i (Ci), 
we have a basis for adjusting expenditures. The latter can 
then be reduced in proportion to the excess number of stu 
dents. In other words, we may write 

( 2) 

EXi stands for total expenditures in year i; EXAi is the 
symbol for adjusted expenditures. It should be recalled 
that this procedure implies an assumption about unit costs. 
We assume that costs per pupil remain the same over the pro 
gram period and that they do not vary among years of study. 1 

From Figure 4.2 we can 
Qi, the adjustment factor, which 
S -- variables for which we lack 

derive an expression for 
eliminates Ci and excludes 
any data.2 

+kl+k2) 
( 3) 

X. 1 (1 1,- 

lIn a stationary system, it is not necessary to assume that 
costs per student do not vary among years of study. In a 
growing system, the composition of total enrolment and of 
the vertical count of the graduating class are different, 
however. Since the differences will be minor, the assump 
tion is of small consequence. 

2In 1957, the first "complete" year, 

1 + kl + k2 

One may note that Qi will be a constant if enrolment grows 
at a constant annual rate (r*). With a fixed growth rate, 
Ci+l = Ci(l + r*) and Ei+l = Ei(l + r*). As a result, 
Qi+l = Qi = Q*. 
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In addition, our model allows us to use information on 
the total number of degrees in a given year as a basis 
for determining Xi' Because it is assumed that retention 
rates remain constant over time, Xl will be equal to the 
ratio of degrees in 1958 to degrees in 1957.1 Xi is 
computed by the following formula: 

( 4) = Degrees in (1957 + i) 
Degrees in 1957 

Equation (3) can thus be solved if we have values for 
the k's. Unfortunately, there are no adequate data on 
retention rates available for the Canadian university 
system. It was necessary therefore to use values for 
the k's which were derived from micro-studies of parti 
cular universities. The absence of data on retention 
rates is one of the most serious shortcomings of educa 
tional statistics.2 

In applying Figure 4.2 and Formulas (3) and (4), 
one must note one further point. In Canada, the academic 
year typically starts in the fall and ends late in the 
spring of the following year. Enrolment statistics refer 
to the fall semester. Thus we may interpret the date 1955 
in Figure 4.2 as the start of the academic year 1955-56. 
S will then be equal to fall enrolment in the freshman 
class. The expression klS, in turn, refers to the number 
of students in this group who enrol again in the fall 
of the academic year 1956-57. As Figure 4.2 indicates, 
k3S of the same group will graduate in the spring or 
summer of 1958. Thus, while the academic and the calen 
dar years differ, no additional conceptual problems arise 
from this fact. 

lOur previous assumption that the system has no repeaters 
is also necessary. 

2It can be argued that retention rates are in themselves 
a type of productivity measure, although different from 
the measure we are trying to establish. Certainly, 
they throw light on the performance of the system. 
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Adjustment and Program Duration 

To simplify matters of exposition, the discus 
sion has been confined so far to a three-year program. 
The model is more general, however; it can be extended to 
programs of longer or shorter duration. In applying the 
model to the Canadian data, we distinguish among four dif 
ferent programs. Undergraduate degrees are grouped into 
two categories: general B.A. and B.Sc. degrees, assumed 
to result from a three-year program, and all other under 
graduate degrees, which are treated as the result of a 
four-year program. I Regarding graduate degrees, we dis 
tinguish between the master's program (two years) and the 
doctoral program (three years) . 

Adjustment factors for the three-year under 
graduate program and the doctoral program are calculated 
with the use of formula (3). The following two formulas 
apply to the remaining programs: 

Four-year program: 

(5) 

Master's program: 

( 6) Q. 
t: 

Xi-l (1 + k1) 
klXi-l + Xi • 

A separate set of retention rates (k) has been estimated 
from micro-studies for each of the four programs. 

IThis grouping was decided on, after studying a large sam 
ple of university calendars. While there are considerable 
differences in degree requirements among universities and 
provinces, the use of the two categories leads to only 
minor distortions. 
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Adjusting University Expenditures 

Taking account of the breakdown into four 
separate programs, we can rewrite the equation for ad 
justed expenditures: 

(7) EXA. = Q3 .EX3. + Q4 .EX4. + QM.EXM. + QP.EXP .. ~ ~ ~ ~ ~ ~ ~ ~ ~ 

The symbols Q3i and EX3i represent the adjustment factor 
and the total expenditures for the three-year undergraduate 
program. Similarly, Q4i and EX4i refer to the four-year 
undergraduate program, while QMi' EXMi' QPi and EXPi 
relate to the master's and the doctoral programs. Equa 
tion (7) thus states that total adjusted expenditures for 
the system as a whole are equal to the sum of adjusted 
expenditures in each program. 

Equation (7) would give us our final procedure 
if we had information on expenditures broken down by pro 
gram. Unfortunately, we have no such information; only 
data on total expenditures for the university system as 
a whole are available. As a result, we must make use of 
information on enrolment by program in order to allocate 
expenditures by program. 

Table 4-1 presents data on full-time enrolment 
for the group of 49 universities and colleges. (Statis 
tical tables for the five regional groupings are contained 
in Appendix E.) 1 As far as possible, data on enrolment 
have been broken down in the same manner as the statistics 
on degrees. However, it was not possible to obtain sepa 
rate information on enrolment in the three-year degree 
program. Similarly, the data on full-time enrolment at 
the graduate level are not given separately for master's 
and doctoral students. In these cases, a simple formula 
was used to calculate the missing figures.2 Thus it was 
possible to distribute enrolment among the four degree 
programs used in the analysis. 

IData on part-time enrolment are not available for the 
whole period. For the years where such statistics have 
been collected and published (1962-63 to 1967-68), no 
breakdown according to faculty is given. As a result, 
our analysis relies on full-time enrolment only. 

2See Appendix C. 
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Expenditures~ Output and Productivity 

In calculating expenditures by program, the most 
simple approach would merely make use of total enrolment 
in each program and allocate costs in proportion. It is 
well known, however, that it costs more to educate a gradu 
ate student for one year than to educate an undergraduate 
for the same period. In addition, there are important 
cost differences among disciplines and types of study at 
the same level. A knowledge of per-student costs for the 
major programs and disciplines would allow us to allocate 
expenditures in relation to the weighted number of students. 

The Province of Ontario takes unit cost differ 
ences into account in its formula of university grants. 
Educational institutions receive different amounts per stu 
dent depending on the program and discipline in which the 
student is enrolled. It is generally accepted that the 
formula weights used in Ontario give a reasonably accurate 
picture of the relative costs of educating various types of 
students. We make use of these weights to allocate expen 
ditures on the basis of weighted enrolment. I We write 

(8) EX3i = W3iEXi 

where W3i is defined as weighted enrolment in the three 
year undergraduate program divided by total weighted enrol 
ment. The other weights, W4i, WMi, and WPi, apply to the 
remaining three programs and are defined in an analogous 
manner. Adjusted expenditures thus become 

(9) EXAi EXi (W3iQ3i + W4iQ4i + WMiQMi 

+ WPiQPi)· 

In Table 4-2, we present the values of Qi and Wi 
used in calculating adjusted expenditures of universities.2 

lOur use of the Ontario weights implies that there has 
been no change in relative costs among programs from 
1956-57 to 1967-68. The importance of the weights for 
the final productivity index are discussed in Chapter 5 
where the results of sensitivity analysis are reported. 
For a discussion of the weights and their adaptation to 
the present use, see Appendix C. 

2The calculation of the values for Xi, and therefore Qi, 
requires data on degrees for several years after 1967-68. 
Estimates of degree output were made for 1968-69. In the 
programs where data for later years were required, the 
average rate of growth in degrees for the whole period 
was used together with formula (1) in order to calculate 
the missing values. 
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Separate values are given for each program and the assumed 
retention rates have been indicated at the bottom of the 
table. Retention rates for the two undergraduate programs 
have been derived from a study on student flows at Carleton 
University. I Those for the two graduate programs are 
based on information obtained from two large Canadian 
universities with established graduate schools. While 
the values used should be regarded only as tentative, it 
may be noted that the Qi'S are not affected in any major 
way when the k's are varied within reasonable limits. 
This aspect will be explored further in the next chapter 
where the results of sensitivity analysis are discussed. 

Table 4-2 

ADJUSTMENT FACTORS AND ENROLMENT WEIGHTS 
BY PROGRAM 

Three-Year Four-Year 
Undergraduate Undergraduate 

Program Program Master's Program Doctoral Pr09:ram 
Year Q\ W3. Q4i W4. QMi WM. QPi WP. 

1- 1- 1- 1- 

1956-57 0.924 0.170 0.890 0.724 0.948 0.063 1. 074 0.043 
1957-58 0.905 0.173 0.907 0.714 0.917 0.072 0.974 0.041 
1958-59 0.877 0.178 0.914 0.709 0.875 0.076 0.909 0.037 
1959-60 0.8'l2 0.185 0.841 0.696 0.918 0.083 0.929 0.036 
1960-61 0.793 0.189 0.837 0.683 0.878 0.091 0.858 0.037 
1961-62 0.785 0.207 0.820 0.650 0.887 0.106 0.759 O. 036 
1962-63 0.820 0.217 0.797 0.633 0.986 0.109 0.844 0.041 
1963-64 0.861 0.221 0.837 0.602 0.921 0.124 0.820 0.052 
1964-65 0.764 0.210 0.904 0.598 0.845 0.134 0.824 0.058 
1965-66 0.771 0.242 0.840 0.554 0.889 0.146 0.799 0.057 
1966-67 0.821 0.257 0.773 0.536 0.902 0.150 0.799 0.057 
1967-68 0.837 0.238 0.802 0.532 0.923 0.163 0.889 0.067 

Note: The following retention rates were used in calculating the 
adjustment factors: 

Three-year undergraduate program, k) = 0.75, k2 = 0.60 
Four-year undergraduate program, k) = 0.75, k2 = 0.65, 

k3 = 0.50 
Master's program, k) 
Doctoral program, k) 

0.65 
0.70, k : = .50. 

Source: See text. 

lRetention rates were estimated from unpublished material 
prepared for the Carleton University Commission on Under 
graduate Teaching and Learning. 

It is assumed that retention rates remain constant over 
the 12-year period. 
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It may be recalled from Chapter 3 that we are 
interested mainly in that portion of expenditures which 
is used for instruction. To determine EXi' we must sub 
tract scholarships and total funds for research while 
adding depreciation and imputed interest allocated to 
instruction. I Equation (9) is then used to adjust total 
instructional expenditures for system growth. The results 
of these operations are presented in Table 4-3. It con 
tains the instructional component of total resource use 
by universities in current dollars. 

Table 4-3 

ADJUSTED UNIVERSITY EXPENDITURES 
FOR INSTRUCTION 

(Thousands of dollars) 

Year 

Adjusted 
University 

Expenditures 
for Instruction 

1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

57,479 
67,810 
76,461 
84,279 
96,907 

110,425 
128,892 
156,720 
194,929 
235,528 
304,078 
404,684 

Note: University expenditures for 
instruction are equal to univer 
sity operating expenditures minus 
scholarships, minus resources for 
research, plus depreciation and 
imputed interest allocated to 
instruction. 

Source: Tables 3-1, 3-2, and 3-3. 

IThe sum of depreciation and imputed interest is 
allocated to instruction according to the formula 
ADI = {(OE - S - RE)/(OE - S) }DI where ADI stands 
for allocated depreciation and imputed interest, OE 
for operating expenditures, S for scholarships, RE 
for resources for research, and DI for total depre 
ciation and imputed interest. 
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Adjusting Other Inputs 

As pointed out, the students' contribution 
makes up a large proportion of total inputs. In Chap 
ter 3, estimates of direct expenses and forgone earnings 
were presented. There remains the question of how the 
total student contribution for all graduates in Canada 
should be calculated. 

There are two basic possibilities. First, 
one may start from the number of graduates. Making an 
assumption about the average length of the program, one 
can calculate forgone earnings and direct expenses for 
each graduate and multiply it by the number of graduates. 
The same procedure is applied to the estimated number of 
withdrawals, and the results are then summed for all 
49 universities. 

The second method, and the one which has been 
used here, extends the reasoning underlying our model to 
the calculation of student resources. Forgone earnings 
and direct expenses in the year of graduation are multi 
plied by the adjusted number of enrolled students. 

(10) EA. = Q3.E3. + Q4.E4. + QM.EM. + QP.EP .. ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Equation (10) gives the formula for calculating 

adjusted enrolment (EAi). The symbols E3i and E4i stand 
for enrolment in the three- and four-year undergraduate 
programs in the i-th year while EMi and EPi refer to 
enrolment in the programs for master's and doctoral 
students.1 The results of (10), combined with the infor 
mation in Table 4-4, yield an estimate of the total annual 
student contribution to resource use. 

It was pointed out earlier that appropriate 
data on part-time enrolment were not available for this 
Study. As a result, only full-time enrolment is used to 
calculate EAi. This means, in turn, that our estimates 
of the total student resource contribution do not include 

lQMiEMi and QPiEPi apply to the master's and doctoral 
programs. In practice, each of these terms was broken 
down further since data were available separately for 
the forgone earnings of students in arts and science and 
students in other fields. Enrolments for the two sub 
groups were estimated in accordance with the proportion 
of degrees in each. 
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the forgone earnings and direct expenses of part-time 
students. The figures in Table 4-4 are thus understated 
to some extent. 

Table 4-4 

TOTAL ADJUSTED RESOURCE CONTRIBUTION BY STUDENTS 

(Thousands of dollars) 

Undergraduate 
Year prog:ram Master's prog:ram Doctoral prog:ram Total 

1956-57 113,383 6,968 2,813 123,164 
1957-58 135,225 9,176 2,939 147,340 
1958-59 156,987 10,873 2,973 170,833 
1959-60 172,194 14,531 3,418 190,143 
1960-61 197,400 18,271 4,012 219,683 
1961-62 236,401 26,760 4,374 267,535 
1962-63 270,503 34,199 6,314 311,016 
1963-64 330,851 42,608 9,037 382,495 
1964-65 397,145 52,270 12,260 461,676 
1965-66 462,005 73,602 14,639 550,246 
1966-67 536,287 96,557 18,016 650,860 
1967-68 624,584 125,577 27,957 778,118 

Source: See text and Appendix C. 

The treatment of part-time students raises 
problems in any analysis, even if complete and detailed 
information on enrolment can be obtained. Most students 
in this category have regular employment. While it is 
likely that many earn somewhat lower salaries because a 
proportion of their time is devoted to study, it is next 
to impossible to arrive at a good estimate of the dif 
ferential. The concept of forgone earnings, while ap 
plicable, is difficult to implement. 

It is possible to speculate briefly about the 
effects that omission of part-time enrolment is likely 
to have on the total measure of inputs. We have empha 
sized that our main interest is in productivity trends. 
Thus it is the effect on input growth that will be crucial. 
One can assemble information on part-time enrolment, al 
though only in aggregated form, for the years 1962-63 to 
1967-68. During this time, part-time enrolment of under 
graduate students grew at an average rate of 18 per cent 
while for graduate students the figure was 15 per cent. 
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Average rates of growth in full-time enrolment for the 
same period were 12 and 24 per cent respectively. Thus, 
for the student body as a whole, part-time enrolment grew 
somewhat faster than full-time enrolment. If we now 
assume that the resource contribution of a part-time stu 
dent is a fixed fraction of the contribution made by a 
full-time student, we may conclude that the use of data 
on part-time students would have increased the rate of 
input growth to some extent. As the discussion in Chap 
ter 5 will show, such an increase would have merely re 
inforced the conclusions of our Study. 

To complete the adjustment of inputs for system 
growth, we must deal finally with municipal expenditures. 
The procedure is analogous to the one used for the student 
resource contribution. EAi, derived from Formula (10), 
is multiplied by municipal expenditures per student. The 
adjusted municipal resource contribution, resulting from 
these calculations, is given in Table 4-5. 

Table 4-5 

ADJUSTED MUNICIPAL RESOURCE CONTRIBUTION 

(Thousands of dollars) 

Year 

Adjusted 
Municipal 

Expenditures 

1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

2,896 
3,228 
3,432 
3,691 
3,790 
3,829 
4,227 
4,873 
5,930 
7,465 
9,651 
9,067 

Source: See text. 

Deflation 

After all the components have been adjusted for 
system growth, the measure of total inputs is arrived at 
simply by summing the individual parts. This gives us an 
index of inputs in current dollars; so far there has been 
no adjustment for price changes. It would not be correct 
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to compare this index with our measure of 
since the latter is given in real terms. 
inŒi~es can be contrasted, we must adjust 
changes in the price level. 

output, however, 
Before the two 
inputs for 

Several different price indices were used in 
deflating input components. University operating expendi 
tures and depreciation were deflated on the basis of 
unpublished information obtained from the appropriate 
divisions of the Dominion Bureau of Statistics.l For 
the student resource contribution, the Consumer Price 
Index was used. Finally, we relied on the implicit price 
index for current government expenditures on goods and 
services for the deflation of municipal expenditures. 

Table 4-6 

TOTAL ADJUSTED RESOURCE USE 
FOR INSTRUCTION 

(Thousands of constant 1961 dollars) 

Year 

Total Adjusted 
Resource Use 

for Instruction 

1956-57 
1957-58 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

208,197 
241,978 
264,126 
286,971 
325,755 
318,875 
437,474 
525,403 
627,572 
726,627 
842,920 
997,852 

Source: See text. 

lThe Deflation Section, National Income and Expenditure 
Division, provided the information used in deflating 
university operating expenditures. The index is the 
same one used for the education component in personal 
expenditure on goods and services as reported in the 
National Accounts. For depreciation, data were obtained 
from the National Wealth and Capital Stock Section, 
Business Finance Division. 
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In Table 4-6 we present the final result of all 
the preceding data manipulations -- total adjusted resource 
use for instruction in constant dollars. It should be 
recalled from the discussion in Chapter 2 that the term 
"instruction" must be understood in its broadest sense; 
it includes all university activities that contribute to 
the production of degree output. The data given in Table 
4-6 constitute our final measure of inputs. In the fol 
lowing chapter, they will be combined with the measures 
of degree output in order to obtain productivity indices 
for the system as a whole. 
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CHAPTER 5 

TRENDS IN PRODUCTIVITY 

In education, as in other industries in the 
service sector, the major difficulties in productivity 
analysis are encountered when inputs and output are being 
defined and measured. Once measurement has been accom 
plished, the task is nearly completed. It is simply 
necessary to divide output by inputs in order to obtain 
the desired index of productivity. Movements in this 
index or ratio over time will indicate productivity trends. 

In the preceding chapters of this Study, we 
have developed and presented data on total output and 
total adjusted inputs. For convenience of analysis, 
these data are summarized in index form in Table 5-1. 

Table 5-1 

INDICES OF TOTAL OUTPUT AND TOTAL INPUTS 
49 UNlVERSITmS AND COLI,EGES 

(1956-57 = 100) 

Indices of InEuts 
Total 

Adjusted 
Indices of OutEut Inputs excl. 

Degrees plus Total Student 
Deg:rees Converted DiElomas Adjusted Resource 

Year unweig:hted Weig:hted unweig:hted Weig:hted Inl2uts Contribution 

1956-57 100.00 100.00 100.00 100.00 100.00 100.00 
1957-S8 108.20 107.97 107.13 107.00 116.23 116.73 
1958-59 116.65 116.49 115.95 114.93 126.86 119.34 
1959-60 124.21 124.23 118.95 119.32 137.84 126.29 
1960-61 134.90 135.10 129.30 129.55 156.46 141. 71 
1961-62 155.91 155.68 151.17 150.83 183.42 155.68 
1962-63 176.51 177.96 169.81 171.15 210.12 177.20 
1963-64 203.34 199.79 194.52 191. 27 252.36 209.75 
1964-65 232.45 230.69 222.66 222.38 301.43 254.68 
1965-66 264.03 263.79 244.43 244.65 349.01 291. 78 
1966-67 301. 01 301. 34 277.52 278.10 404.87 352.20 
1967-68 354.10 352.39 328.25 327.26 479.28 440.57 

Source: Tables 2-4 and 4-6. 
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There are four indices of output, based on the four 
measures developed in the second chapter; two include 
converted diplomas together with degrees while two others 
rely on degrees only. Each set of measures is given in 
both weighted and unweighted form. In addition to the 
measures of output, the table also contains two indices 
of inputs. The first one shows total resource use in 
instructional activities. The second one is more limited 
in scope; it does not include the resource contribution 
made by students. Both indices are based on data in 
constant dollars. 

What trends can we observe in the productivity 
of the university sector? Was the large expansion of 
higher education from 1956-57 to 1967-68 accompanied by 
a decrease in productivity? Our first set of productivity 
measures is obtained by dividing the four indices of out 
put by the index of total adjusted inputs. The measures, 
which show trends in total productivity, are presented in 
Table 5-2 and are shown in graphic form in Figure 5.1. 

Table 5-2 

PRODUCTIVITY INDICES 
49 UNIVERSITIES AND COLLEGES 

Indl.ces Includl.ng the Indices Excludl.ng the 
Student Resource Contribution Student Resource Contribution 

Year A B C D E F G H 

1956-57 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
1957-58 93.09 92.89 92.17 92.06 92.69 92.50 91. 78 91. 66 
1958-59 91. 95 91. 83 90.71 90.60 97.75 97.61 96.43 96.30 
1959-60 90.11 90.13 86.30 86.56 98.35 98.37 94.19 94.48 
1960-61 86.22 86.35 82.64 82.80 95.19 95.34 91. 24 91. 42 
1961-62 85.00 84.88 82.42 82.23 100.15 100.00 97.10 96.88 
1962-63 84.00 84.69 80.82 81. 45 99.61 100.43 95.83 96.59 
1963-64 80.58 79.17 77.08 75.79 96.94 95.25 92.74 91.19 
1964-65 77.12 76.53 73.87 73.78 91. 27 90.58 87.43 87.32 
1965-66 75.65 75.58 70.04 70.10 90.49 90.41 83.77 83.85 
1966-67 74.35 74.43 68.55 68.69 85.47 85.56 78.80 78.96 
1967-68 73.88 73.52 68.49 68.28 80.37 79.99 74.51 74.28 

Note: Indices A to Hare based on the following output measures: 

(1) Sum of degrees -- A and E 
(2) Weighted sum of degrees -- Band F 
(3) Sum of degrees and converted diplomas -- C and G 
( 4) Weighted sum of degrees and diplomas -- D and H. 

Source: Table 5-1. 
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FIGURE 5.1 

PRODUCTIVITY I NDICES: TOTAL RESOURCE USE 
49 UNIVERSITIES AND COLLEGES 
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The curves in Figure 5.1 all point to the same 
conclusion -- total productivity in instructional acti 
vities declined steadily from 1956-57 to 1967-68. The 
downward movement occurs regardless of the measure of 
output being used. Inclusion of diplomas and weighting 
of degrees do not alter the basic pattern. One may note 
that addition of diplomas makes the decline somewhat more 
marked, a fact that is not surprising when we recall that 
diploma output expanded less rapidly than degree produc 
tion. 

Forgone earnings of students are a large pro 
portion of total inputs. In fact, their quantitative 
importance is such that they could easily determine the 
pattern in Figure 5.1. It is useful to ask, therefore, 
what productivity trends would be like if the student 
resource contribution were excluded from the index of 
inputs. By using a more restrictive input measure, we 
can throw light on the productivity of university expen 
ditures.I 

In Figure 5.2, we plot productivity trends 
based on an index of inputs that does not take account 
of the student resource contribution. The pattern that 
results is rather different from the one observed before. 
While the choice of the output measure remains unimportant, 
productivity no longer declines in a steady manner. After 
an initial drop in 1957-58, the productivity index starts 
to climb again, regaining its starting point in 1961-62. 
Only afterwards does a steady decline set in. The fall 
in productivity is marked in the final five years with a 
drop of close to 20 per cent. It is interesting to note 
a correspondence with the data in Table 2-2, giving rates 
of increase in degree production. The period of produc 
tivity decline in Figure 5.2 coincides with a higher level 
of output growth. While the rate of growth in degree 
production does not exceed 8.6 per cent until 1960-61, 
it rises to 15.6 per cent in the following year, staying 
well above 13.0 per cent for the remainder of the period. 

IStrictly speaking, the exclusion of the student resource 
contribution is justified only if we assume that there 
is no substitution between the use of student time and 
the use of other inputs. Such an assumption is not 
unreasonable, since it can be argued that the structure 
of degree programs is largely fixed. The implications 
of the two input measures are discussed further in 
Chapter 6. 
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FIGURE 5.2 

PRODUCTIVITY INDICES: UNIVERSITY RESOURCE USE 
49 UNIVERSITIES AND COLLEGES 
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The coincidence may suggest that very rapid expansion in 
univ2rsity education does lead to declining productivity 
of u~iversity expenditures. I 

Productivity Trends by Region 

Education is a provincial responsibility. While 
policies on the development of higher education are af 
fected by federal grants-in-aid, they are established and 
carried out by provincial governments. Studies on the 
growth and characteristics of university faculties have 
demonstrated considerable variations in the rate of ex 
pansion among regions. Development has not been uniform 
throughout Canada. It is useful, therefore, to extend 
the analysis down to the regional level and to contrast 
differences in productivity trends among regions. 

It is not possible to dis aggregate all the data 
on inputs and output. In particular, we do not possess 
sufficient information to calculate forgone earnings by 
region for the 12-year period. As a result, our analysis 
must be confined to a measure of inputs excluding the 
student resource contribution. Other data which are not 
broken down on a geographic basis include information on 
diploma production, depreciation, the capital stock and 
the various price indices used in deflation. In the 
calculation of regional productivity trends, variables 
related to the capital stock have been allocated in pro 
portion to operating expenditures. To arrive at weighted 
degree output, we have assumed a constant structure of 
starting salaries across all regions. No attempt was 
made to break down diploma production or to construct 
regional price indices. 

Figure 5.3 presents productivity trends for 
four main regions -- the Atlantic Provinces, Quebec, 
Ontario and the Western Provinces. It is based on 
Table 5-3 giving the indices in numerical form.2 

IOther explanations for the downturn are also possible, 
of course. More study and a different approach would 
be needed to establish a direct causal relationship. 

2Since it was not possible to separate operating expendi 
tures for British Columbia from those of the Prairie 
Provinces during the first three years, the Western 
Provinces are dealt with as a group. 
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FIGURE 5.3 

REGIONAL PRODUCTIVITY INDICES 
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Trends in Productivity 

There is considerable variation in regional trends. 
Universities in Ontario, the largest group, show a pattern 
of productivity change similar to the national pattern. 
After an initial drop in 1957-58, the index starts to 
climb, regaining the reference point of 100 in 1961-62 
The second half of the period is marked by a steady 
decline which accelerates towards the end. By 1967-68, 
the index has fallen to 72. Quebec shows a turning 
point in 1962-63. While productivity stays above the 
base point during four of the six years up to that date, 
it declines afterwards, falling to 86 in the final year. 

The two smaller regions have different patterns. 
Productivity for the group of Western universities never 
regains the starting point of 100. While the index fluc 
tuates, the trend is downward. The last four years regis 
ter a steady drop, to an index value of 85 in 1967-68. 
Institutions in the Atlantic region show a record of 
marked improvement in the first half of the period. After 
a steady climb from 1957-58 on, the index reaches a peak 
of 113 in 1963-64. This year marks a turning point, 
however; a steady decline sets in afterwards, eading to 
a value of 96 in the final year. 

Some caution is necessary in comparing patterns 
of productivity change for regional groups of institutions. 
Since indices are calculated separately for each group, 
they start from different benchmarks. A higher productiv 
ity index for the Atlantic region than for Ontario does 
not imply that it is more efficient to educate a student 
in the Maritimes than in Ontario. The analysis allows us 
to compare trends only, not absolute levels. In addition, 
it should be recalled that not all data were broken down 
on a regional basis; some inputs had to be divided among 
regional groups in an approximate manner. 

While caution is appropriate, one main conclusion 
stands out, nevertheless. All four regional groupings 
show a downturn in productivity in the second half of the 
period. Thus the national downward trend after 1962-63 
is based on widespread and consistent experience. 
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Some Problems of Interpretation 

Changes in the Quality of Inputs 

In evaluating the results of the empirical 
analysis, some problems of interpretation remain, requir 
ing a more detailed discussion. Most of the conceptual 
difficulties stem from the way in which output was 
defined. As pointed out in Chapter 2, the analysis 
assumes that the quality of degrees in a given field 
remains constant over time. If degrees in 1968 are of 
higher quality than those in 1957, we have understated 
the growth of output. 

Why should the quality of degrees increase 
over time? Improvement in the nature of inputs is one 
possible explanation. A degree in 1968 can be a better 
type of output because the quality of inputs has been 
raised over the period. While the Study takes account 
of price changes, we do not hold the quality of inputs 
constant. 

In discussing possible improvements, it is 
useful to distinguish three broad categories of inputs 
that form part of the educational process -- faculty, 
buildings and equipment, and students. Is there any 
evidence of an improvement in the average quality of 
the first group -- the faculty? While it is difficult 
to measure the quality of the teaching staff, there are 
some indicators which throw light on changes in average 
quality. In Table 5-4, we present information on the 
proportion of full-time faculty members holding a doc 
toral degree. The data are for a group of institutions 
corresponding closely to our sample of 49 universities 
and colleges. 

Table 5-4 does not lend support to a belief 
in the overall improvement of the faculty. While there 
was a steady increase in the proportion of doctorates 
among the physical and biological scientists, the pic 
ture is different in the other fields. In the humanities 
and the pure social sciences, an increase occurred in 
the first half of the period. However, after 1960-61 
the proportion holding Ph.D. 's started to fall. As a 
result, only 40 per cent of faculty members in pure 
humanities had a doctorate in the final year while the 
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proportion had been 45 per cent in 1956-57.1 It is 
interesting to note that the decline coincides with the 
period of falling productivity for university expendi 
tures shown in Figure 5.2. 

Table 5-4 

PERCENTAGE OF FULL-TIME UNIVERSITY TEACHERS IN CANADA 
HOLDING A DOCTORAL DEGREE 

1956-57 TO 1967-68 

Field 1956-57 1958-59 1960-61 1963-64 1965-66 1967-68 

Pure Humanities 
Applied Humanities 
Pure Social Sciences 
Applied Social 

Sciences 
Pure Biological 

Sciences 
Applied Biological 

Sciences 
Pure Physical Sciences 
Applied Physical 

Sciences 

47 
34 
59 

18 

66 

36 
70 

39 
24 
53 

40 
20 
53 

22 

75 

41 
31 
53 

45 
26 
51 

47 
27 
53 

17 16 20 19 

62 65 67 69 

38 
71 

36 
73 

33 
68 

35 
68 

29 
67 

22 35 48 30 20 20 

Note: Includes university teachers with rank of lecturer or higher 
rank. 

Source: Walter Hettich, Growth and Characteristics of University 
Teaching Staff in the Social Sciences and the Humanities, 
1956-57 to 1967-68, A Refort by the Canada Council (Ottawa: 
Canada Council, May 1969 , Table 3, p. 13. 

IThe proportion of doctorates in all pure fields was 56 
per cent in both 1956-57 and 1967-68. The increase in 
the sciences was thus counterbalanced by the decline in 
other fields. There was an increase in the proportion 
of doctorates in the applied fields from 41 to 47 per 
cent. However, the Ph.D. is not a good quality indicator 
for this group since it includes disciplines (medicine, 
dentistry) where other professional degrees are more 
cornmon, and fields (fine arts, performing arts) where 
professional competence is measured differently. 
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The information in Table 5-4 thus gives at 
best a mixed picture. If we also keep in mind that the 
rapid expansion of universities required the hiring of 
a large number of young and inexperienced teachers, as 
well as the admission of many scholars from abroad who 
had little or no knowledge of Canadian circumstances, 
we have to conclude that there is little evidence of a 
marked improvement in the overall quality of the faculty. 

Before we leave the discussion of faculty 
inputs, attention should be drawn to changes in the 
student-teacher ratio. It can be argued that a decrease 
in the number of students per university teacher repre 
sents evidence of an improvement in the instructional 
process. In the last column of Table 5-5, we give data 
on full-time students per full-time academic staff. As 
the figures indicate, no steady decline did occur. After 
an initial increase, the ratio of full-time students to 
full-time university teachers stayed constant for most 
of the period. Only in the final year can a decrease be 
observed. Cost trends cannot be explained, therefore, 
with arguments about the student-teacher ratio. 

The second major category of inputs into the 
educational process -- buildings and equipment -- has 
a somewhat less direct influence on degree quality than 
the teaching staff. While good facilities are a help 
in the learning process, capital expenditures may also 
serve to enhance immediate consumption benefits by pro 
viding amenities to students and faculty. Thus they 
may affect mainly the consumption component of degrees. 
Finally, there is much research that is capital-intensive, 
particularly in the science fields. Since we know little 
about the use of buildings and equipment for research, 
it is difficult to judge the impact of quality changes 
on student degrees. 

We have no quality index for the capital stock. 
However, we can study the value of buildings and equip 
ment (in constant dollars) in relation to the number of 
students. In Table 5-5, we present data on the capital 
stock per full-time student. The table also contains 
capital per full-time faculty member. Both series indi 
cate a process of capital deepening. Thus the quantity 
of capital did rise in relation to the other inputs. 
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Table 5-5 

CAPITAL STOCK IN RELATION TO THE NUMBER OF 
FULL-TIME STUDENTS AND FACULTY, AND 

STUDENT-TEACHER RATIO 

Fu11-TJ.me 
Full-Time Students University Teachers Full-Time Enrolment 
per $Million of per $Million of per Full-Time 

Year CaI2ita1 Stock CaI2ita1 Stock Universit~ Teacher 

1956-57 141. 0 10.1 13.9 
1957-58 146.0 
1958-59 143.8 9.7 14.8 
1959-60 137.2 
1960-61 134.8 9.0 14.9 
1961-62 136.2 
1962-63 130.8 
1963-64 129.7 8.7 14.9 
1964-65 129.1 
1965-66 129.2 8.6 15.0 
1966-67 124.6 
1967-68 117.0 8.9 13.2 

Note: Capital stock equals gross stock in constant (1961) dollars. 

Source: Tables 4-1 and 5-2, and Dominion Bureau of Statistics. 

Finally, we turn to the students as participants 
in the educational process. Student input is measured 
mainly by forgone earnings. As before, we face the ques 
tion: Should part of the increase in annual input costs 
be assigned to an increase in input quality? Or, to 
reformulate the question: Does the growth of forgone 
earnings between 1956-57 and 1967-68 reflect an improve 
ment in the quality of the student body? 

If we consider the expansion in enrolments that 
occurred during the period, it is difficult to argue for 
an increase in average student quality. With growing 
participation rates, a larger proportion of the college 
age group attended university in 1967-68 than in 1956-57. 
Thus it is quite possible that average ievels of intelli 
gence and motivation decreased rather than improved. 
Unfortunately, we have no data measuring the change in 
these levels. 

Whatever changes did occur are not likely to be 
reflected in forgone earnings. Data on forgone earnings 
for undergraduates are derived from average wage and 
salary figures for young people in the same age group 
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having only a high school education. For graduate students, 
forgone earnings are calculated from the starting salaries 
of college graduates with a first degree. In neither case 
is there a direct link between average student quality and 
input costs. 

How should we interpret a change in student qual 
ity not reflected in our input measures? If the average 
quality of the student body did indeed increase between 
1956-57 and 1967-68, both forgone earnings and the measures 
of output should have been adjusted to reflect this fact. 
The same argument would apply if average quality had 
decreased during this period, although a downward adjust 
ment would now be required. In both instances, the impact 
on overall productivity trends would likely be minimal 
since both indices of inputs and measures of output would 
undergo adjustment. The problem would disappear altogether 
if average quality had remained the same. To this author, 
personal observation suggests that constant average quality 
of the student body is both the best and the most reason 
able assumption. 

Knowledge as an Input 

It is at times alleged that the nature and qual 
ity of university degrees change over time because the 
quality of knowledge improves. Research leads to new 
methods of analysis and to a new understanding of facts 
which are then transmitted to students. 

In the present Study, we have excluded the costs 
of research, confining the analysis to resource use in 
instructional activities. The costs of producing new 
knowledge do not enter into the indices of total inputs. 
Nor are the measures of output adjusted for improvements 
in knowledge content. The problem thus remains largely 
outside the scope of the analysis. 

Any attempt to integrate improvements in knowl 
edge into the study of university productivity raises a 
host of difficult problems. On the one hand, it would be 
necessary to make some quality adjustment in university 
degrees. This raises questions about the impact of pro 
gress in knowledge on different fields. Are engineering 
and the sciences affected more strongly than the social 
sciences or the humanities? Does the nature of degrees 
in fields such as history and philosophy change over time? 
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On the cost side, the problems are no less formidable. 
While the creation of new knowledge can be linked to 
research, the progress of knowledge cannot be tied directly 
to research expenditures in the group of 49 institutions. 
The advancement of knowledge is an international enter 
prise and one which is carried on outside the universities 
as well. Furthermore, it is a time-consuming activity; 
research will often bear fruit only many years after the 
initial expenditures are made. 

It is important to realize that the problems 
raised by the progress of knowledge are not confined to 
education. The advance of knowledge affects production 
functions in all industries and, in so doing, changes 
marginal products of other factors of production. Tradi 
tional productivity analysis is not equipped to properly 
deal with this impact. To capture the full effect of 
progress in knowledge, a different conceptual framework 
must be developed.l 

Deflation Bias 

Productivity analysis requires that real output 
measures be related to measures of real inputs. In other 
words, changes in the price level must be eliminated from 
all indices. If this is not done, changes in actual prod 
uctivity cannot be determined with reliability. 

There are two basic methods for constructing 
"real" indices. Both are used frequently by economists. 
The simplest approach puts the focus on the physical 
dimensions of inputs and output. Materials are measured 
in tons, gallons or yards, depending on their nature. 
Labour services are counted as hours per week or months 
per year. While it is often difficult to convert a cer 
tain type of output or input into physical units of 

lSee Harry Johnson's comment on the article by Woodhall 
and Blaug in Minerva, vol. IV, no. l, Autumn 1965, and 
the reply by the authors in the same issue. The debate 
turns on the question of how much has been explained and 
how much is left for the unexplained "residual" which is 
so familiar to all students who have tried to account for 
the causes of economic growth. The whole problem is of 
lesser importance for our analysis, which covers a period 
of only 12 years, than for the British study which made 
comparisons between 1938 and 1962. 
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standard quality, this is, on occasion, possible and 
physical productivity measures are then the most appro 
priate ones. 

As is readily apparent, physical measures have 
serious limitations. The greatest problem in their use 
arises because we lack a cornman denominator; tons, gallons 
and yards cannot be added in a meaningful way. If we 
need composite measures, we must evaluate all components 
in money terms. Once this is done, inflationary price 
changes must be eliminated by the use of the appropriate 
price indices so that we obtain real series in the end. 

While both methods are appropriate, certain 
problems can arise when they are used in combination. 
This is in effect what we have done in the present Study. 
Output is measured in "physical" terms -- by the number 
of degrees or the number of weighted degrees. Inputs, 
on the other hand, are evaluated in current dollars and 
then deflated by a set of price indices. The problems 
which a combination of the two methods can introduce will 
best be understood if we imagine a world where degrees 
can be evaluated in monetary terms. In such a world, 
the "price" of degrees would likely rise over time, much 
like the prices of other things. Output could then be 
measured by the total monetary value of degrees, deflated 
by an appropriate price index. What is important in this 
context is the following: it is quite possible that the 
value of a degree expressed in constant dollars would 
also rise (although by less than the price in current 
dollars). One may note, in this connection, that forgone 
earnings of students in Canada did rise substantially in 
real terms during the period from 1956-57 to 1967-68. 

In benefit-cost analysis, economists do in fact 
put a monetary value on degrees. The benefits of a col 
lege education are set equal to the difference in the 
lifetime earnings of a college graduate and a high school 
graduate, discounted at some appropriate rate of interest. 
If the real purchasing power of this discounted earnings 
differential did increase between 1956-57 and 1967-68, we 
may expect that the economic value of degrees, expressed 
in constant dollars, would also have risen. Since such 
increases are not reflected in our output measures, we 
may have underestimated output growth. 

Earnings differentials between college and high 
school graduates are affected by a group of factors, two 

62 



Trends ~n Productivity 

of which are of particular importance in the present con 
text. As the supply of college graduates increases in 
relation to those without a university education, we may 
expect a narrowing of the differential. There is some 
preliminary evidence suggesting that this is occurring 
in Canada. The second factor of importance relates to 
changes in the interest rate. As pointed out, benefits 
are equal to the discounted earnings differential. The 
interest rate which is used in discounting income streams 
has a decisive influence on present values. It is well 
known that interest rates have been increasing for much 
of the period under study, a development that would have 
counteracted a rise in the "price" of degrees. 

Our discussion makes it clear that no simple 
adjustment is available to deal with what may be called 
"deflation bias". On balance, it is probable that the 
bias leads to some understatement of output growth. The 
problem has more importance for our measure of total 
productivity which is influenced decisively by the growth 
of forgone earnings. Trends and turning points in prod 
uctivity measures which exclude the student resource con 
tribution are less affected and can be interpreted without 
special reservations. 

Sensitivity Analysis 

In the course of the Study, it was necessary 
to make a number of assumptions in order to overcome 
limitations in the available data. Since such assumptions 
may exercise a decisive influence on the final results, 
it is useful to explore their impact systematically. 

The sensitivity of the final indices was tested 
with regard to several assumptions. It may be recalled 
that the lack of information on retention rates made it 
necessary to derive such rates from micro-studies. Because 
of the narrow coverage on which the estimates were based, 
it was considered useful to test a whole series of alter 
native k-values. The analysis revealed that changes in k 
exercised a minor influence on Q, the adjustment factor, 
and, as a result, did not affect indices of inputs in a 
significant way. A second data problem concerned enrol 
ment by program. It was necessary to use information on 
the pattern of degrees in order to calculate enrolment in 
the three-year undergraduate program and in the master's 
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and doctoral programs. Two methods, both discussed in 
Appendix C, were used in estimating enrolment by program. 
Testing revealed, however, that the choice of method was 
unimportant for the final index of inputs. Finally, 
sensitivity analysis was conducted to determine the 
importance of the Ontario formula weights used in allo 
cating expenditures among programs. While the use of 
such weights has some bearing, the basic pattern of prod 
uctivity change in Figures 5.1 and 5.2 is not affected. 
Thus none of the assumptions about data had a decisive 
influence on productivity trends. 
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CHAPTER 6 

CONCLUSIONS 

In introducing the Study, we have drawn attention 
to the difficulties facing the investigator who wants to 
apply productivity analysis to the service industries. 
Most of these problems are encountered in an analysis 
devoted to higher education. They are joined by a group 
of others that arise from the special nature of the educa 
tional process and from the type of data that can be ob 
tained. We have dealt with the main difficulties one by 
one in the preceding chapters and we shall refrain from 
cataloguing them once more. The reader should keep the 
main assumptions of the Study in mind, however, when 
assessing the results. 

Before we proceed to the main findings and their 
implications, it will be useful to recall one limitation 
imposed on the analysis from the start. The present Study 
is confined to the measurement of productivity change in 
instructional activities. Research and the costs of 
research have been excluded from consideration. Our 
Study is a partial evaluation; it does not assess the 
performance of the university sector as a whole. 

The main results can be summarized in brief. 
From 1956-57 to 1967-68, total productivity in instruc 
tional activities declined steadily for the group of 49 
universities and colleges. Forgone earnings of students 
were a major factor in this decline. As noted in Chap 
ter 5, the downward trend may be overstated because of 
technical problems in deflation procedures. 

If we disregard the student resource contribution, 
restricting the analysis to university-related inputs, 
we no longer have a clear downward trend. Rather, we can 
distinguish two separate periods of productivity change. 
During the first six years, the index fluctuates, regain 
ing its starting point in 1961-62. Only after 1962-63 
does a consistent decline set in. When the analysis is 
carried out for regional groupings of institutions, four 
different patterns emerge. While the index for Ontario 
resembles the national one, productivity measures in 
Quebec and the Atlantic region rise above the base point 
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of 1956-57 in several subsequent years. For the group of 
institutions in the Western region, no such rise occurs. 
All regional groupings experience a productivity decline 
in the final years of the period. 

How should we interpret these findings? At the 
end of their article on productivity trends in British 
university education, Maureen Woodhall and Mark Blaug 
contrasted the performance of the university sector (where 
they found declining productivity) with performance in 
other industries. According to the two authors: 

One of the outstanding differences between uni 
versities and conventional industries ... is 
that in almost every industry new and more effi 
cient methods of production have been introduced, 
while the technology of teaching has remained 
unchanged. It is still true to say that, in 
the field of education, the last dramatic 
innovation was the printed book.l 

They went on to criticize British universities for a lack 
of innovation and a failure to adopt new technology, such 
as television teaching. Should we follow Woodhall and 
Blaug; do their strictures apply to the Canadian case? 

It would be difficult to claim that Canadian 
universities are widely known for innovation. Neverthe 
less, a failure to embrace technical change does not 
appear to explain the downward trend in the total produc 
tivity measure. As pointed out, forgone student earnings 
play the dominant role. If technological improvements 
are to affect total productivity trends, they must lead 
to large economies in the use of student time. One may 
question whether there are known methods of instruction 
that would make it possible to shorten the period of study 
substantially without affecting the nature or the quality 
of university degrees. The use of teaching aids such as 
television has not generally produced the favourable 
results predicted by early advocates and the true impact 
of such aids on university costs remains to be determined. 

lWoodhall and Blaug, op. cit., p. 497. 
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Conclusions' 

The dominant role of forgone earnings in the 
analysis does raise some fundamental questions. Only a 
change in the accepted structure and length of academic 
degree programs would reverse the downward trend in total 
productivity. Some educators and some critics of the 
universities have at times raised the question of whether 
traditionally defined programs are appropriate in a time 
of rapidly expanding participation in higher education. 
It is only fair to say that the answer is not known; the 
costs and the benefits that can be expected from a change 
in program structure have never been evaluated in a sys 
tematic manner. One cannot simply blame the universities 
for the downward trend in total productivity observed in 
this Study. While it may be true that universities have 
been reluctant to undertake a re-examination of existing 
degree programs, such programs are rarely questioned by 
other groups in society. Both government and private 
industry use traditional university degrees to determine 
qualifications for employment. Any successful redefini 
tion of programs would require the support of all major 
groups in society.l 

An important point remains, however, even in 
the absence of program changes. It is often said that 
education is a labour-intensive industry. Those making 
the statement generally think of the importance of faculty 
time in the educational process. One must realize, how 
ever, that student time is an even larger and, in total, 
even more costly input. It is imperative that those who 
make decisions on educational matters take full account 
of the value of student time. 

If we take the structure of academic programs 
as given, or as subject to only minor change, the second 
set of productivity measures becomes the relevant one. 
Based on input indices that exclude the student resource 

10n April 15, 1969, the Government of Ontario appointed a 
Commission on Post-Secondary Education in Ontario. The 
Commission has raised a number of fundamental questions 
about the role and function of higher education. Among 
them are questions concerning the length and structure 
of academic degree programs. It remains to be seen how 
the community will react to these queries. A good sum 
mary is contained in the background paper "Post-Secondary 
Education in Ontario: A Statement of Issues", published 
by the Commission in 1970. 
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contribution, these measures throw light on the manage 
ment of university resources in instructional activities. 
There is noth~ng irreversible about trends derived from 
this set of measures; productivity both improved and 
declined over the l2-year period. The fall in produc 
tivity after 1962-63 does raise concern about performance 
in the middle and late years of the 1960's. 

Industry-wide studies of productivity such as the 
present one are diagnostic in character; they produce a 
record of performance, but they do little to explain turn 
ing points in productivity trends. A different approach 
must be used to identify the factors that account for 
changing performance. One limitation of such studies stems 
from the broad coverage necessary for the analysis. Thus 
all our measures apply to the group of 49 institutions or 
to one of the four regional groupings. It is possible - 
indeed it is likely -- that some universities show a better 
individual record after 1962-63 than the group as a whole. 
Others, no doubt, were lagging behind the average.l It 
is not possible to analyse the performance of individual 
institutions within the scope of this Study. Nor is it 
clear that our approach would be appropriate at the insti 
tutional level. Our results suggest, however, that further 
work on university productivity is warranted. There is a 
definite need to re-examine the use of resources in the 
university sector. 

There exists a growing literature of cost 
effectiveness studies that deal with resource use in 
education. While it is not possible to offer a system 
atic review of this work, it may be useful to indicate 
briefly the main methods or approaches. One group of 
studies, so far confined mostly to investigations of 
primary and secondary education, stresses the application 
of production functions to education.2 The work is of 

lIt is known, for example, that new and emerging insti- 
tutions have higher unit costs. See Elizabeth Arthur, 
et al., "Report to the Minister of University Affairs 
on a Special Study of Operating Support for the Emerging 
Universities in Ontario for the Fiscal Year 1968-69", 
July 1968 (mimeo.). 

2The articles by Samuel Bowles and Martin T. Katzman, 
and the report by Herbert J. Kiesling, listed in the 
Selected Bibliography at the end of this Study, are 
good examples of this approach. See also the report 
by J. A. Kershaw and R. N. McKean (1959), and the 
article by David A. A. Stager (1968). 
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particular interest because it is based on output measures 
that differ from those adopted in our analysis. Test 
scores and indices of scholastic achievement are used to 
quantify output which is then related to a set of input 
variables. The same approach also lends itself to the 
estimation of cost functions and to unit cost analysis. 

A second group of studies focuses more specific 
ally on decision-making within educational institutions 
and other nonprofit organizations. Here the researcher 
tries to determine a set of goals for the university and 
to analyse how they can be achieved through the allocation 
of resources. Alternatively, he may develop a descriptive 
model of an institution and analyse the implications of 
administrative decisions by using simulation techniques. 1 

Both general approaches are valuable for more 
detailed work on cost-effectiveness. In addition, they 
may provide a way to test the conclusions of the present 
Study. We have repeatedly emphasized that our work 
represents a first attempt at measuring phenomena which 
can be quantified only with difficulty. Our conclusions 
remain tentative until they are confirmed by further work. 
Cost-effectiveness studies offer an independent way to 
verify the results of our analysis. 

We have repeatedly drawn attention to the sta 
tistical problems that face the researcher who studies 
higher education in Canada. At the same time, we have 
attempted to prepare and make available a consistent set 
of data on both inputs and output for a large group of 
universities and colleges. There is a need to re-examine 
the allocation of resources in higher education. It is 
hoped that the statistical information presented in this 
Study will assist those who want to analyse the many 
problems that remain. 

lFor examples, see the articles by Richard W. Judy (1969) 
and H. H. Jenny, and the report by A. P. Van Wijk, et al., 
as listed in the Selected Bibliography. 
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APPENDIX A 

NOTES ON THE MEASUREMENT OF OUTPUT 

The Weightin2 of Output 

In this Study, output is measured by the number 
of degrees conferred, appropriately weighted to reflect 
the monetary value of different types of degrees. The 
weights employed are the relatives of average starting 
salaries according to major categories of instruction. 
In order to calculate the weights, it was necessary to 
obtain starting salaries in each year for the following 
categories of instruction:1 

Undergraduate: General Arts 
Honours Arts 

.General Science 
Honours Science 
Applied Science 
Education 
Commerce 
Health Fields 
Agriculture and Forestry 
Law 
Other Fields 

Graduate: Master's level Arts and 
Science 

Other 
Doctoral level Arts and 

Science 
Other 

lThe data were obtained from the following sources; 
Canada, National Employment Service, Unemployment 
Insurance Commission, Supply and Demand) University 
Graduates (Ottawa: Queen's Printer, annually 1961 to 
1964); Canada, Department of Labour, Supply and Demand, 
University Graduates, 1965-66 (Ottawa: Queen's Printer, 
1965); and Canada, Department of Manpower and Immigration, 
Career Outlook, University Graduates (Ottawa: Queen's 
Printer, annually 1966 to 1968). 
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Where data on starting salaries were available according 
to a finer breakdown, an average figure for a representa 
tive group of disciplines was used as the salary for the 
major category. Once starting salaries had been obtained, 
the relatives were calculated for each year by dividing 
the average starting salary for each of the above cate 
gories by the average starting salary of graduates with 
a General B.A. degree.l 

In addition to degrees, diplomas are counted as 
output. For the present purpose, diplomas are said to be 
equivalent to one-third of a degree in the same field of 
study. The categories for converted diplomas are as 
follows: 

Arts and Science 
Applied Science 
Education 
Commerce 
Health Fields 
Agriculture and Forestry 
Other 

The converted diplomas have been weighted by the relatives 
calculated for regular degrees and summed to produce a 
total. This procedure has been followed for each year 
between 1956-57 and 1967-68. 

INo information was available on starting salaries for 
graduates in 1957, 1958, 1959 and 1960. For these years, 
the relatives were obtained by averaging the relatives 
of the available years in each major category. This 
procedure was also followed for a small number of major 
categories for the years after 1960 when data were 
incomplete or lacking. 
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NOTES ON THE MEASUREMENT OF INPUTS 

The Adjustment of CAUBO Financial Data 
to Conform to the 49-University Sample 

The adjustment involves two main steps. 

1. To the CAUBO financial datal itself, the following 
adjustments have been made: 

(a) data included in the 49-university 
sample but not in the sample of 
CAUBO institutions have been added; 

(b) data included in the CAUBO sample 
but not in the 49-university sample 
have been deleted. 

Table B-1 

Year Deleted 

ADJUSTMENTS TO THE CAUBO FINANCIAL DATA 

Added 

St. Dunstan's University 
St. Mary's University 
University of Ottawa 

St. Dunstan's University 
St. Mary's University 

St. Dunstan's University 
St. Mary's University 
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Huron College 
Nova Scotia Technical 

College 

1956-57 

1957-58 

1958-59 

Huron College 
Nova Scotia Technical 

College 

Huron College 
Nova Scotia Technical 

College 

ICanadian Association of University Business Officers, 
"Analysis of Statements of Operating Income and Expendi 
ture of University and Colleges", in Minutes of the 
Annual Conference~ Annual Report, 1958 to 1969. 
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The following method has been employed in making 
estimates of operating expenditures for the missing years. 
Where no financial information was available (St. Dunstan's 
University, St. Mary's University, and Huron College for 
the years 1956-57 - 1958-59), the formula below has been 
applied: 

EX. = 
1- 

EXi+l 1 
Eni+l . 1 + r En. 

1- 

where Ex stands for expenditure and En for enrolment; i 
represents the year for which the expenditure data are 
required; and r is equal to average annual rate of growth 
in per-student expenditure for a three-year period imme 
diately adjacent to i. 

The formula yields an estimate of total operating 
expenditures. The components (academic, administration, 
etc.) have been calculated by applying the percentage dis 
tribution in the closest complete year. The latter method 
was used also for the University of Ottawa where total 
operating expenditures but not the appropriate breakdown 
could be obtained for 1956-57. 

In the case of Nova Scotia Technical College, 
information on expenditures was available but not in the 
format established by CAUBO. These data have been ad 
justed to fit the CAUBO format. 

2. A second main step involves the deletion of enrolment 
for Prince of Wales (to 1964) and for Notre Dame (to 1961) 
from the enrolment tables for Canada and the regions. 

Procedure 2 is designed to eliminate some data 
that are not valid in our framework. The affected insti 
tutions either had separate budgets during the years in 
question, did not offer senior-level university courses, 
or did not have an affiliated status. 

Capital Stock Data 

An attempt was made to build up a capital stock 
series from information contained in the DBS/CAUBO question 
naire forms. Both organizations ask universities and 
colleges to report book value and estimates of current 
value for buildings and contents. However, the answers 
provided by the institutions have not so far been tabulated 
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or made available in published form, mostly since their. 
accuracy or meaning may be questioned. In this Study, 
the answers from the 49 universities and colleges in the 
sample were compiled into two series. Data were available 
for the years 1960-61 to 1967-68 only; for the earlier 
years, questionnaire returns could no longer be located. 

Table B-2 gives the two series of capital stock 
estimates -- one based on reported book value, the other 
on insurance valuation. Both have been deflated with a 
price index obtained from the National Wealth and Capital 
Stock Section, Business Finance Division. Deflators were 
given separately for construction and machinery and equip 
ment. As a result, the reported value of capital stock 
had to be divided into the two components. The split was 
accomplished by applying the ratio of capital stock to 
machinery and equipment from the series on capital stock 
developed by the National Wealth and Capital Stock Section 
in conjunction with the Department of Trade, Industry and 
Commerce. 

Table B-2 

CAPITAL STOCK 
49 UNIVERSITIES AND COLLEGES 

(Millions of 1961 dollars) 

Book Value Estimated 
(Buildings "Current" 

Year & Contents) Value 

Capital Stock 

1956-57 
1957-58 
1958-59 
1959- 60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 

454 
519 
601 
721 
925 

1,177 
1,389 
1,681 

616 
668 
756 
952 

1,160 
1,338 
1,567 
1,849 

Source: See text above. 
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As mentioned, the main bases for the series 
are book value and insurance appraisals. Since insur 
ance appraisals are not repeated annually, the second 
series may include additions at current costs or various 
estimates. For both series, there were institutions 
that did not report in some years. In these cases, 
estimates were made, based on a six-year average growth 
rate, or, if only one series was missing, by using the 
reported information in the other as a guide. 

Calculation of the Annual 
Resource Contribution by Students 

The resource contribution per student is com 
posed of forgone earnings and direct expenditures. It 
was calculated by subtracting the summer earnings from 
annual forgone earnings and by adding an estimate of 
direct expenditures paid for by the student. Separate 
calculations were made for undergraduates and for stu 
dents at the master's and doctoral levels. 

Forgone earnings were estimated from the best 
available measure of earning potential. For undergradu 
ate students, it was possible to obtain information on 
the income of high school graduates in the 20-24 age 
bracket for the years 19611 and 1967.2 Data for the 
missing years were calculated on the assumption that the 
annual rate of growth had been constant for the period. 
Graduate students were grouped by level (master's and 
doctoral) and by type of program (Arts and Science, and 
"Other"). The earnings of students at the master's level 
were based on average starting salaries of graduates with 
an Honours degree.3 Starting salaries were obtained 
and averaged as follows: 

1Dominion Bureau of Statistics, Census Division, Income 
of Canadians, by Jenny Podoluk (Ottawa: Queen's Printer, 
1968), p. 119. 

2Dominion Bureau of Statistics, Survey of Family Income, 
1968, unpublished study. This source does not contain 
data on the age group 18-20. As a result, the age group 
20-24 had to be chosen as the reference group. 

3Canada, Department of Manpower and Immigration, Career 
Outlook, University Graduates (Ottawa: Queen's Printer, 
annually, 1960 to 1967). 
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Arts and Science -- 2 in Social Science (usually 
Economics and Political 
Science, and Psychology) 

2 in Pure Science (usually 
Biology and Physics) 

2 in Engineering 

1 in Agriculture or Forestry 

"Other" 

1 Commerce 

1 discipline in the Health 
Fields. 

For doctoral students, the starting salaries of graduates 
with a master's degree were used.l As pointed out in 
Appendix A, data on starting salaries are available only 
from 1961-62 to 1967-68. To obtain information for the 
years back to 1956-57, it was necessary to calculate the 
annual rate of growth in earnings for a five-year period 
subsequent to 1961-62 and to apply this rate in making 
estimates for the missing years. Since starting salaries 
are given on a monthly basis, it was necessary to multiply 
them by 12 to place them on an annual basis. 

Summer earnings were derived by multiplying 
average monthly earnings obtained by students in the sum 
mer by the number of months worked and by the percentage 
of students employed. The summer earnings of undergradu 
ate and graduate students were calculated separately. 
Data on summer earnings were available for only a few of 
the years in question. Information on undergraduate 
earnings were available for 1956-572 and for 1961-62,3 
while data for graduate students were available for 1956-57.4 

1 Ibid. 

2Dominion Bureau of Statistics, University Student Expen 
diture and Income in Canada~ 1956-57 (Ottawa: Queen's 
Printer, 1959), p. 27. 

3Dominion Bureau of Statistics, University Student Expen 
diture and Income in Canada~ 1961-62J Canadian Under 
graduate Students, Part II (Ottawa: Queen's Printer, 
1965), p. 27. 

4 
Dominion Bureau of Statistics, University Student Expen- 
diture~ 1956-57~ loe. cit. An estimate of the summer 
earnings of graduate students in 1961-62 was made by 
applying the ratio of graduate to undergraduate earnings 
in 1956-57. 
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For the year 1968-69, data for a combined group of gradu 
ates and undergraduates were available. I To obtain data 
for the missing years, the annual rates of growth for the 
periods 1956-57 to 1961-62 and 1961-62 to 1968-69 were 
calculated and applied to the existing information. The 
average number of months worked was calculated as 2.5.2 
The percentage of students employed was estimated to be 
87 per cent. 

Direct expenditures by students involve four 
major items: books, school supplies, transportation 
costs to and from home (for students who are attending a 
university located in a municipality other than their 
hometown), and the differential in living expenses for 
out-of-town students. These items were calculated for 
both undergraduate and graduate students. Data were 
available only for certain years, however. 

For undergraduate students, expenditure data were 
available for books and school supplies for the years 1956 
(Arts and Science only),3 19614 and 1968; 5 for transporta 
tion, for the years 1956 (Arts and Science only),6 19617 

lCanada, Department of Manpower and Immigration, Summer 
Employment Survey of Post-Secondary Students in Canada~ 
1969, Ottawa, 1970. 

2Calculated on the basis of data presented in Department of 
Manpower and Immigration, Summer Employment Survey~ op. cit. 

3Dominion Bureau of Statistics, University Student Expendi 
ture~ 1956-5?~ op. cit. This source lists only expendi 
tures for arts and science students. Expenditures for all 
undergraduate students were estimated on the basis of the 
1961 breakdown. 

4Dominion Bureau of Statistics, University Student Expendi 
t ux:e , 1961-62, Part II, op. cit. 

5Dominion Bureau of Statistics, Post-Secondary Student Popu 
lation Survey (Ottawa: Queen's Printer, 1970). The data 
presented in this source include tuition and fees; these 
two items were removed by calculating and subtracting the 
average amount spent on them (see Dominion Bureau of Sta 
tistics, Tuition and Living Costs at Canadian Degree 
granting Universities and Colleges~ 1968-69, Ottawa, 1969). 

6Dominion Bureau of Statistics, University Student Expendi 
ture~ 1956-5?~ op. cit. Expenditures for all undergraduate 
students were estimated on the basis of the 1961 breakdown. 

7Dominion Bureau of Statistics, University Student Expendi 
t u» e , 1961-62, Part II, op. cit. 
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and 1968,1 and for the differential in living expenses for 
1968.2 For graduate students, expenditure data were avail 
able for books and supplies for 1961; 3 and for transporta 
tion, 1961.4 No information on the differential in living 
expenses for graduates could be obtained.s 

The years 1956, 1961 and 1968 were used as the 
terminal points for the calculation of the annual rates 
of growth used in estimating data for the missing years. 
Since actual data were not available for all the variables 
in each of the terminal years, it was necessary to make 
estimates based on the ratios of already known variables. 
Amounts were then summed to produce total direct expendi 
tures per student. This procedure was repeated at both 
the undergraduate and graduate level for each academic 
year between 1956-57 and 1967-68. 

Calculating the Value of Municipal Services 
Rendered to Unlverslties 

As outlined in the text of Chapter 3, we 
allocate municipal expenditures in Ottawa to the two 
universities in proportion to assessed property value. 
The method has some basis in the economic literature. 
In recent years, a considerable number of studies have 
analysed the determinants of municipal expenditures.6 

IDominion Bureau of Statistics, Post-Secondary Student 
Population Survey. op. cit., p. 50. 
2Ibid., p. 37. The ratio of the differential in living 
expenses to other direct expenses in 1968 was used to 
make estimates for 1956-57 and 1961-62. 

3Dominion Bureau of Statistics, University Student Expen 
diture and Income in Canada. Canadian Graduate Students. 
1961-62, Part III (Ottawa: Queen's Printer, 1964). The 
ratio of graduate expenditures on books and supplies to 
undergraduate expenditures on these items was used to 
make estimates for 1956 and 1968. 

4 Ib id., p. 32 . 
SData for undergraduates on the ratio of differential 
living expenses to other direct expenses were used to 
make estimates. 

6For a discussion of the analysis of determinants and 
bibliographical material, see Frederic L. Pryor, Public 
Expenditures in Communist and Capitalist Nations 
(Homewood, Ill.: Richard D. Irwin, 1968), pp. 53-55; 
and Richard M. Bird, The Growth of Government Spending 
in Canada (Toronto: Canadian Tax Foundation, 1970), 
Appendix B. 
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They have generally found that variations in assessed 
property values among communities explain much of the 
variation in the expenditure on certain municipal func 
tions. It would thus appear that the demand for some 
municipal services, such as fire and police protection, 
is related to assessed valuation. The studies also sug 
gest that the demand for certain other services is related 
to the number of persons to be served rather than to the 
value of property. It would have been possible to use a 
more complicated formula in allocating municipal expendi 
tures to Carleton University and the University of Ottawa, 
i.e. a formula that included the number of students, 
expressed as a proportion of the total population in 
Ottawa. Some experimentation showed, however, that this 
would result in only marginal changes in our estimates. 
Our conclusions on productivity trends would, further 
more, not have been affected in any way whatsoever. 

It must be pointed out that the data on assess 
ment may not reflect the true value of the property of the 
two universities. Since educational institutions do not 
pay property taxes, mu~icipal assessors make only a pro 
forma effort when dealing with such institutions. This 
may well explain the fact that the assessment of the two 
universities declined as a proportion of the city's total 
assessment over the 12-year period. As a result of this 
decline, estimated expenditure per student increased only 
in a marginal way. 

Expenditures on the following functions were 
allocated to the two universities: general government, 
protection of persons and property, sanitation and waste 
removal, recreation and community services, and deficits 
of utilities and other enterprises. I 

For the years 1957 to 1959, assessment data for 
the two universities were lacking.2 Average expenditures 
per student for the rest of the period were substituted 
for the missing years. 

lOntario Department of Municipal Affairs, Annual Report 
of Municipal Statistics (Toronto: Queen's Printer, 1956 
to 1968). 

2For the years 1960 to 1968, data were obtained from the 
Tax Department of the City of Ottawa. 
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NOTES ON ADJUSTING INPUTS FOR SYSTEM GROWTH 

Calculating Enrolment by Program 

Statistics on enrolment are not broken down 
between general and honours degree programs in Arts and 
Science and between master's and doctoral degree programs 
at the graduate level. To estimate enrolment in each of 
these categories, we made use of statistics on degrees 
which give the necessary detail. Annual enrolment in the 
general degree program for undergraduates in Arts and 
Science (E3) was calculated according to the formula: 

E3 = 

( Number of 
3 x ( General B.A. 

(& B.Sc. Deqrees) EAS Number of) (Number of 
3 x General B.A. ) + 4 x ( Honours Degrees 

(& B.Sc. Degrees) (in Arts & Science) 

where EAS stands for total enrolment in Arts and Science. 
The weights of three and four reflect the length of each 
degree program in years. At the graduate level, an 
equivalent formula was used to calculate annual enrolment 
in the master's program. In this case, weights of two 
(for the master's program) and of three (for the doctoral 
program) were employed. 

In addition to the formula described above, a 
second method of estimation was used. Assumptions about 
the length of each program remained the same. However, 
the second method makes use of information on degrees for 
a number of years after the year of enrolment. Thus it 
reflects the fact that most students enrolled in 1956-57 
graduated in a later year, etc. The formula for E3 then 
becomes: 

( Sum of General B.A. ) 
( & B.Sc. Degrees ) 

E3. (in Years i to (i + 2) ) 
)EASi t: ( Sum of General B.A. ) ( Sum of 

( & B.Sc. Degrees ) + ( Honours Degrees ) 
(in Years i to (i + 2) ) (in Years i to (i + 3) ) 
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While the two methods give somewhat different 
estimates, it was found that productivity trends were 
unaffected by the choice of procedure. Only results 
based on the first method have been reported in the text 
of the Study. 

The Weighting of University Enrolment 

The following weights, derived from the Ontario 
formula for operating grants, have been applied to under 
graduate and graduate en~olment: 

ExpendituresJ Output and Productivity 

Undergraduate 

Arts (General) 
Arts (Honours) 
Science (General) 
Science (Honours) 
Applied Science (all years) 
Education (all years) 
Commerce & Business Administration 

(all years) 
Dentistry, Medicine, Veterinary 

Science (all years) 
Nursing, Optometry, Pharmacy 

(all years) 
Physical & Health Education and 

Physiotherapy and Occupational 
Therapy (all years) 

Agriculture & Forestry (all years) 
Law (all years) 
Journalism, Secretarial Science, 

Social Work, Theology (all years) 
Fine and Applied Arts and Library 

Science (all years) 
Household Science, Architecture, 

Music (all years) 
Others (all years) 

Graduate 

Master's level Call programs and 
all years) 

Ph.D. level (all programs and 
all yearsl 
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Asterisks indicate some modification in actual formula 
weights. Modifications were necessary in those cases 
where enrolment statistics were broken down according 
to categories that differed from those used in Ontario 
grants.1 The following paragraphs explain the modifica 
tions. 

Arts and Science 

The formula treats first-year honours students 
differently from honours students in later years. In 
Arts, they are given a weight of "1" in the first year 
and a weight of "1.5" later on. In Science, the weights 
are "1" and "2". Since enrolment figures by year of 
study are not available, all students in a particular 
pr.ogram have been assigned the same weight. 

Education 

The Ontario formula does not weight students in 
education separately. An estimated weight of "1.5" has 
been used. 

Others 

Since the programs involved are not specified 
and since most heavy-capital-investment courses have al 
ready been considered in the preceding weights, an esti 
mated weight of "1" has been assigned to this category. 

Graduate 

The Ontario formula ranges from a low weight of 
"2" to a high of "6" for graduate students. Since the 
enrolment data used in this Study are considerably more 
aggregated than those used by Ontario, it has been neces 
sary to estimate the graduate weights. At the master's 
level, the weight "3" represents the median (low "2" and 
high "4") in the Ontario formula; Arts students, the 
largest single master's level grouping, are assigned a 
weight of "3". For Ph.D. 's, the Ontario weight of "6" 
(including all Ph.D. students except first-year Ph.D. 
direct from Baccalaureate) has been used. 

lFor a list and further discussion of Ontario formula 
weights, see R. W. Judy, et. al. "Analysis of the Effects 
of Formula Financing on Ontario Universities, Part I: 
Summary, Analysis and Conclusions", Office of Institu 
tional Research, University of Toronto, October 1966 
(mimeo.) . 
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COVERAGE OF INSTITUTIONS AND MATCHING OF DATA 

Complete and consistent coverage for a large 
group of institutions was one of the main objectives of 
the present Study. In selecting the sample of 49 univer 
sities and colleges, we took account of data availability 
from two sources: the Dominion Bureau of Statistics and 
the Canadian Association of University Business Officers 
(CAUBO) returns and publications for operating expendi 
tures, and the DBS returns and publications for enrolment 
and graduation data. In addition, an effort was made to 
include as many institutions as possible that were members 
of both the Association of Universities and Colleges of 
Canada and the Canadian Association of University Business 
Officers. 

The data on enrolment used in the Study were 
taken from annual publications on university enrolment 
prepared by the Education Division of DBS.1 The inform 
ation on degrees and diplomas was obtained by consulting 
the individual returns submitted to the Education Division. 
Finally, the data on operating expenditures were taken 
both from the DBS/CAUBO financial returns submitted to 
the Education Division and from the annual financial 
statements published by CAUBO.2 

In some years, information on one or more vari 
ables was missing for a particular institution. Where 
coverage was partial or incomplete, estimates were made 
for the missing years. Problems were not confined to an 
occasional lack of data, however. In addition, it was 
necessary to ascertain complete correspondence between 
data on the student body (enrolment, degrees) and data on 
operating expenditures. Thus enrolment and degrees for 
affiliated colleges had to be removed from the figures 

IDominion Bureau of Statistics, Survey of Higher Education, 
Part I: Fall Enrolment in Universities and Colleges, 
Cat. No. 81-204 (Ottawa: Queen's Printer, annually). In 
the case of Quebec universities, where special adjustments 
were necessary to make enrolments comparable to expendi 
tures, information was obtained from the Education Divi 
sion of DBS. 

2See Appendix B for a further discussion of the CAUBO data. 
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for Laval University and the University of Montreal since 
the expenditure data reported by these two universities 
did not cover the affiliated institutions. Similar prob 
lems of matching information occurred for some of the 
newer institutions that were transformed from colleges 
with affiliated status into independent universities. 

The tables that follow give a complete record of 
data coverage by institution and year. All universities 
and colleges have been grouped by region. The symbols used 
in the tables should be interpreted in the following way: 

E Enrolment 

D Degrees 

X Operating Expenditures (actual; taken from 
DBS/CAUBO returns) 

xc __ Operating Expenditures (actual; taken from 
combined regional breakdowns given in 
CAUBO annual financial statements) 

Xe __ Operating Expenditures (estimated). 

85 



Ul 
f>l 
U 
Z 
H 
;;. 
0 
t>:: 
Il< 

U 
H 
E< 

j 
E< 
0( 

[:j 
E< 

Z 
H 

..... E'l I 
Q 0( 

Q 
QI ..... Q 

~ ~ 
E< 

Ul 
Z 
0 
H 

!:; 
E< 
H 
E< 
Ul 
Z 
H 

r... 
0 

f>l o 
~ 
~ 
0 
U 

CD '" '" '" "'''' '" "'''' '" '" '" '" I r- '" '" "'''' '" "'''' '" '" '" '" '" ..... '" ec '" "'''' '" "'''' '" '" '" 
.... '" '" '" "'''' '" "'''' '" '" '" '" I 
'" '" '" "'''' '" "'''' '" '" '" '" '" ..... '" '" '" "'''' '" "'''' re '" '" 
'" '" '" '" "'''' '" "'''' '" '" '" '" I 
"' '" '" "'''' '" "'''' '" '" '" '" '" ..... '" '" '" "'''' .., "'''' '" '" '" 
"' '" '" '" "'''' '" ""'" '" '" '" I ... '" '" "'''' '" "'''' '" '" '" '" '" ..... '" '" '" "'''' '" "'''' '" '" '" .. ... '" '" ""'" "" "'''' '" '" '" I 
M '" '" "'''' '" "'''' '" '" '" '" '" ..... '" re "'''' '" "'''' '" '" '" 
M "" "" "''''' '" ""'" '" '" '" I 
N '" '" "'''' '" "'''' '" '" '" '" '" ..... '" '" "'''' '" "'''' re '" 
N '" '" "''''' "" ""'" '" '" '" I ..... '" '" "'''' '" "'''' '" '" '" '" ...... '" '" "'''' '" "'''' ec '" .. ..... '" '" "'''' '" "'''' '" '" '" I 
0 '" '" "'''' '" "'''' '" '" '" '" ..... '" '" "'''' '" "'''' to '" 
0 '" '" "'''' '" "'''' '" '" \0 
I 

'" '" '" "'''' '" "'''' '" '" "' '" ..... '" '" "'''' '" "'''' "" '" 
'" "' " .. " " " " III " " I '" '" """" "" """" "" "" CD 
in '" '" "'''' '" "'''' '" '" '" ..... '" cc "'''' '" "'''' '" '" 
CD 

"' " III " " " " III " " I '" "" ""'" "" """" '" "" r-- 

"' '" '" "'''' '" "'''' '" '" '" ..... '" '" "'''' '" "'''' '" '" 
e- 
"' " .. " " " " III " e 
I '" "" "'''' "" "''''' '" "" '" "' '" '" "'''' '" "'''' '" '" '" ..... '" '" "'''' '" "'''' '" '" >. 

>. '" >. '" ..... 
'" 'O ..... " '" ..... .: >.1Il'" QI " '" lIS "'".: ..... QI 

" ..... '" ·ri cu Q) > > .l( .: QI II) QI Ill> Cl lIS ..... Cl 
0 > H ..... II) " ..... .: x .: QI .: ......... ..... .... IIS- - >. QI .: ..... >. >.p 'O- o >. 0 ): 
'" .: 'O :ct ..... .:'" >P;;.",,,,,,, .l( N Ill'" III 

" -o p " "-" m·rt ..... ..-I ..... ..t II) Cl ~~~·~~3 '" .: lIS ~Q)~II) lIS ~ Q) • CD U ttl- .... .... lIS ..... ): OtJ'lUl~ . ... Cl· ... +I l-I C l-I )., ): ·ri O,...j ~ . ...t 10.4 

'" ri lIS 'O 
QI~H '" (QU) CUltS Q,)l-I " .. "'o(QlUlIII 

" 'O .... f>l 0 lIS" >" > III § " Cl >1< <: § " u ..... Q.,...j Cl ·rtO+l· .... ~·.-iX QI <:"' .... QI): 
H ~ QI <: 0 <: '" 'g;S 3:5 .:5 . " . ~~3:5.~~ 0 Cl · ... u .p III .... :!l <: " '" lIS Cl Ils 0 '" '" <: 0 .: 

): .... Il< '" > 0(0:0: Ul '" ): p :0: p 
QI " 0 QI 
Z Il< Z Z 

86 

'" '" '" ..... 
<: ..... 
'O 
QI 
'O 
I< 
lIS 
): 
lIS 

QI 
..Cl 

0 

'" QI 

" QI 
): 

III 
QI 
QI 
I< 
t7> 
QI 
'O 

'" UI 

" ..... .... 
QI .c: 
E< 

... 
\0 

'" ..... 
<: .... 
.: 
0 .... 
'" " '" ..... 
'" " .: .... 
t7> .: ..... ..; '" <: ID 
lIS '" " ..... 
t7> 
I .: 
QI .... 
QI 

" '" t7> QI 
QI 'O 
'O .: 

" lIS 0 .... 
QI 
Il " lIS lIS 
Cl ): 
QI 
..Cl .: 

0 
QI '" t7> Cl 
QI .: ..... ~ ..... 
0 
U QI 

'O 
UI 
QI I4l ..... '" lIS ..... 
:ct III 

" .... QI 
0 > ..... 
QI .: 
Cl p 
<: .... QI 

" ti Il< 

..... N 

J 



U 
r.l 
<Il 
~ 
0 

z 
>-< 
...: 
Eo< 
(§ 
Cl 

N ~ , 
Cl (I) 

Z 
<ll 0 
.-< >-< 
.Q Eo< 
ft! o 
Eo< Eo< 

H 
Eo< 
(I) 

Z 
H 

r... 
0 

r.l o 
~ 
~ 
0 
U 

ex> "''''''' "''''''' '" '" '" ID , 
e- <'''''''' "''''''' '" '" '" ID 

'" .-i tc e, '" "''''''' '" '" '" 
r- "''''''' "''''''' '" '" '" ID , 
ID "''''''' "''''''' '" '" '" ID 

'" .-i "''''''' "''''''' '" '" '" 
ID "''''''' "''''''' '" '" '" ID , 
I/) "''''''' "''''''' '" '" '" ID 

'" .-i "''''''' "''''''' '" '" '" 
I/) "''''''' "''''''' '" '" '" ID , ... "''''''' "''''''' '" '" '" ID 

'" .-i k1k1~ "''''''' '" '" '" ... "''''''' "''''''' '" '" '" ID , 
M "''''''' '" '" '" '" '" ID 

'" .-i "''''''' "''''''' '" '" '" 
M "''''''' '" '" '" '" '" ID , 
N '" ca c '" '" '" '" '" ID 

'" .-i "''''''' '" '" '" '" '" 
N "''''''' se '" '" '" ID 
I 

.-< "''''''' '" '" '" ID 

'" .-i "''''''' '" '" '" '" '" 
.-i 1><:K~ '" '" '" '" ID 
I 
0 "''''''' '" '" '" ID 

'" .-i "''''''' '" '" '" '" 
0 "''''''' '" '" '" se ID , 
'" "''''''' '" '" '" I/) 

'" .-< "''''''' '" '" '" '" 
'" I/) "" " " " " " , "''''''' '" '" '" '" ex> 
I/) "''''''' '" '" '" '" .-i "''''''' '" '" '" 
ex> 
I/) "" " " " " " I "''''''' s-e '" '" '" r-. 
I/) "''''''' '" '" '" '" .-i "''''''' '" '" '" 
r- 
I/) "" " " " " " , "''''''' '" '" '" '" '" I/) "''''''' '" '" '" '" .-i "''''''' '" '" '" ::. 

<ll- . ..,,,,, 
>..-. I-<~ III 
... .-< ft! <ll g 
...... - ~ :.:t» ft! c 1Il.-i'" I fll Ul_ . .., 

0 ~ rd·1"'l Q).-l ·,...jLn _.-i . .., <ll > III +l .-l ,..., ....... ID.-i ... > ft! I-< <ll- (I) 0 0 <ll <ll~ . .., 

" • .-t H QI 'tjN U 0. tnrrJ Q) ~ >t ... c: > ~ QI ft! <ll .><: ... . .., ::>\Q)'ri\QJ~ t'J'ro a...-4\Q) 0 (ll . .-j ... +JC+JrdAl..-lCU ...... ....,Ot7'lUJ 
III U) . .-I::> 0,..f \CI) ...... 0·,-40·.-1 ""' l-I k c: III Ul "" ...... >d·IU tn.o 0 CV 
H g.~;:::~~8S~ ... ""' Ql > <ll<ll"' .... ..c: > . .., > 0 >..c: c: 

Ul· .... C!I· ..... ::E: · .... en ,,",p 
• .-1 ~ 0 Cl c: . .., 
<Il:>:'::> ::> (I) 

87 

... 
ID 
I 
M 
ID 

'" .-i 

c . .., 
III 
QI 
<ll 
I-< 
t» 
<ll 
'0 

c: o 
c: o . .., ... 
~ 
I-< o ... 
c: . .., 
'0 c: 
ft! 

c o . .., ... 
ft! 

~ 
o ... 
c . .., 

r 
OIl , 
ID 
I/) 

'" .-i 

... 
o ... 
ft! ... 
ft! 
'0 
QI 
<ll 
I-< 
t» 
<ll 
'0 

s 
ft! 

<ll 
.r:: ... 
c . .., 
'0 
<ll s 
.-i o c: ." 
<ll 
I-< 
ft! 

en 
I/) , 
co 
I/) 

'" .-i 

s M 
ID 
I 
N 
ID 

'" .-i 

o ... 
e- 
I/) , 
ID 
I/) 

'" .-i 

... o ... 
ft! ... 
ft! 
Cl 

r 
I/) 

I 
ID 
I/) 

'" .-< 
I-< o ... 
ft! ... 
ft! 
'0 

.-< 
ft! 0:: 
IQIO ........ ...... 
0:: " 0 ... :.: . .., ... 
<ll '" '00:: ..... 
IQ) ...... ..... c: 
'" <ll ... I-< 
QI ft! 
>0. . .., 
0:: <ll :>.r:: ... 
.r:: ...... 
..... 0 ~ ... 
'00:: 
<ll 0 ........ 
ft! ... 
..... ft! 
.-ig 
..... I-< 
"'0 ...... 
ft! c: ..... 
'" ..... QI 

<ll'E ..... 
I-< c: 
ft!." :.: 
''0 
QI <ll 
"''0 
(I) " .-i 
<ll c 
t»o:: .., ..... 
.-i 
.-i<ll 
01-< 
U ft! 

<ll <ll 
'O.r:: ... 
IQI 
...... QJ 
. .-1 0 .c "' ...... I-< 
QJ c: ... > 0 0 

• .-i ..... 
t: ... <ll 
::> ~ ~ 
~ 0 ~ 
• ..-i~ ..... 
~ t: ... . ....... 
'0 ft! 
<ll QJ 

~'!Ï . .., 
.-it: .......... ... 
"''0 ft! QJ 

'0 

'" " . ..,.-i 
o 

QI t: t» ..... 
QI 
'-<<ll 
.-il-< 
Oft! 
U 

N 
ft!I<> 
.-<, 
0.-< 
>.1<> 
0'" ...:I.-i 

t: 0:: 
ft! 0 . .., 
"' ... ..... " ... 
<ll ..... 
t» ... 
al '" .-it: 
.-i ..... 
o 
U ... 

t: 
'" <ll • .., I-< 
.-<ft! 
00. 
0. ft! QJ 

~£ . .., 
I-< I-< 
ft! 0 :.: ... 



0 
H 

~ 
8 
15 
z 
H 

..: 
~ 
Cl 

Cl 
M ~ I 
Cl m II) Z 
.-< 0 
~ H 

8 s 
8 
H 
8 m 
Z 
H 

r.. 
0 

«l .., 
iii 
~ 
0 
U 

-'" -..,~"" """""" """" """" """" "" "" """""" ID 

'" ",Et '" I .... "''''''' "'''' "'''' "'''' '" '" "''''''' '" '" .., ..,..,.., .-< ..,..,..,.., ..,..,.., ..,.., ..,.., ..,.., .., 
.... """""""" """""" -"""" """" """" "" "" """""" ID - 1 

'" ",11, '" '" '" "''''''' ID "''''''' "'''' "'''' "'''' ID - C!\ .., ..,..,.., .-i ..,..,..,.., ..,..,.., ..,.., ..,.., ..,.., .., 
ID """""""" """""" """" """" """" "" "" """""" ID ---..., 

1 0 
U"I "''''''' "''''''' "'''' "'''' '" '" '" "''''''' ID 
C!\ .., .., ..,..,.., .-i ..,..,..,.., ..,..,.., ..,.., "".., ..,.., 
U"I """""""" """""" """" """" """" "" "" """""" ID 0 1 ... "''''''' "''''''' "'''' "'''' '" '" '" "'''' ID 
C!\ .., ..,..,.., .-< ..,..,..,.., ""..,.., ..,.., "".., ..,.., .., 
... "" "" """""" """" """" """" "" "" """""" 'ID 

1 
M '" "''''''' "'''' "'''' '" '" '" "'''' ID 

'" .-i .., .., ..,..,.., ..,.., ..,.., .., .., .., ..,..,.., 

M "" "" """""" """" """" "" "" "" """""" ID 
1 
N '" "''''''' "'''' "'''' '" '" '" "'''' ID - 
'" .-< .., .., ..,..,.., ..,.., ..,.., .., .., .., ..,..,.., 
N "" "" """""" """" """" "" "" "" """""" ID - I 
.-i '" "''''''' "'''' "'''' '" '" ca "'''' ID 

'" ..,..,.., .-< .., .., ..,..,.., ..,.., ..,.., .., .., .., 
'" '" """'''' .-i '" """""" """" ""'" "" '" ID 

1 
0 '" "''''''' "'''' "'''' '" '" '" "'''' ID - 
'" .-i .., .., ..,..,.., ..,.., ..,.., .., .., .., ..,..,.., 

0 "" ""'" """" ""'" ... '" "" ""JL ID 
1 

'" '" "'''' "'''' "'''' '" '" "'''' U"I 
C!\ 
.-i .., .., ..,..., ...,.., ...,.., ..., .., ..., ..,..., 

" " " " " " " " " " " '" "" "''''' ""'" """" "" "" """" U"I 
1 
00 '" "'''' "'''' "'''' '" "'''' U"I 

'" .-i ro eo ...,..., ...,..., ...,..., ..., .., ..,.., 
" " " o " c " " " " " 00 "" """" """" "" ... "" "" "''''' U"I 

1 
t-- '" "'''' "'''' "'''' '" "'''' U"I 

'" ..,.., ...,.., .., ..,.., .-< ..., .., ...,..., ..., 
"--- 

" " " " " " " " " " r- "" """" """" ""'" "" "" """" U"I 
1 
ID '" "'''' "'''' "'''' '" "'''' U"I 

'" .-< .., ..., ...,..., ...,.., ...,.., ..., .., ..,.., ~ ~ ~ N_ ~ ... >. 0 C I< .<::~ ., ., I< 0 - >. 0. >"M >.ClI C II) ~ II) !Il~ .-i +J1""i+Jœ ")>' 0 0> ~ ., "'0 ~ ..... Q,).r-j J.4 .... ItS +l I< !Il 11)1 C !Il C.-i ~U) ::t rn Q.I en +J'ri 0- .-i·M >. ClI II) 'M~ ., 1<'" I< >_ 1<.., m 8.-< .-< C ., I<~!J: !J:t' ..... QJ Q) • .... LO Q.I 0 ,.. CU 0 =:> 'tot Q.lQ) 
!Il > .... > C~ > - II) C .... ClI II) U >. !Il .... - '5~ .... ....·M 
I<·M 0 -M ::> itM '" > 0 0'<:: 0> ClI., I< 0.... >. 0 o !Il CU ~ J:: t: ..... +I (J QJ >t.,..j'r-4 CV -::t.4J .... 
~::>t'::>~~::>~§~t'~~~~~~t'g~~t'Ot'= 
cc~",~II<~ C~ OC"II)C~.-iOI<~~~~ 
pornltS+J::SQ,lD'}U)'r-ItIl .U ..... O>::JUl .... OQJtlJl-lrnt: 

.,I<II)C<I).,I<-Io:I<., I<~ 1<1I).-i>I<ClII<::> 
~II)II)'<::II) mll)C 11)<1) 8> "II)"I<~II)"II) 
g~~I~~~~$~~ ~~~!§~8~~ 
I< ClI C ClI ClI U C ~ C I< C ClI C CO 
~U::>~~ ~::>O ::> 8::> !J: ::> ::>~ 

88 

l 

0> 
C 
'M 
)'" 0.-< ..; .-iCll 
'-<C ., 00 
.... '" I': 

U 0 

J!~ ~ ., 
'" .e ~ 

U"I 
IDII) 
I 0> 
"'11) 
ID.-< 
C!\.-i 
.-<0 

U 
0 
".-i ClI ...... o ~ 
'M ., 
1<.-< o.~ 

U 
""M II) I< 
'-<0> 
'-<": 
0 
I< 0 
C'M 
II) I< ... ClI 

ID 11)., 

'" I< I': 
.-i 11)0 

) 
C 
'M CIl II) 

"0> II) I': II) 
I< II).-i 
;l "'.-< ., 

" 0 ClI "u .-< ., ., >. 
'M II) I< 
0> .<::'" II) ., I': ~ 'M 

'<::1< 
0 0>11) 
'M ~., 
I< 011) ., .<::> ., 

"0 C 
0 C'M 

II) ... 
II) > ClI 
.<:: 11)., ., C 

'<::0 
I': 0. 
'M .-< 

II) •• 

'" ~ 0 II) ..,., ., C ., .... 0 ., 0 ... 
0. 0 

>.8 ., ., 
U 'M .... ..: CIl 0 

I< 
C 11)>' 

'" >., 
.; .......... 

>. I': m 
ID .Q 01< 

'" II) 
.-i '" 11» II) '<::'M 
I': .<:: ., C 
'M ., ::> 

'M >. 

'" .-i .QII) 
II) .Q ",-5 ., '" ClI ., II) 
II) ., 'E'5 I< II) 
U ClI'M ., ) ) 
CIl ., ClI ., ) '" ) II) QJ 

>. ... ., 
t' 

., II) ClI 
'M )'M 

'M ., .-< 
!Il ... ., 'M ... II) QJ .... 
QJ > QJ .... 
> 'M I< ClI ai 'M I': 0> 
I': ::> QJ.,., 
::> ",QJ;l 

.<:: 0>" ~ 0. Q) Q.I,,,,, 
U .-< !Il.-i ., 
0 QJ QJ.-i ., 
I< ;l '<::01': ~ .., 8U ... 

.-i ~ ~ 

J 



QI >. 
.&:: ... ... QI . ... 

I': I': 0>'0 '" ., 
., 0 .... QI Id 0 I-< 
Id ..... .&:: QI 

I': ., ..... >. :> 
I': 0 ... QI o QI ... .... :. .... \D ., UO> .... I': 
0'" '" ., QI ., 0 
I': Id ..... '" 0 ..... I-< 
"':1'< ..... 0 ..... QI ...: 

I-< c U ..... 0 :> I-< ., 0 .... I-<U . ... 0 

"'''' QI I': >< :. I': '0 ci ... 0 0 .... QI '" 0 I'< c ..... .... :;.: ..... I': 0 
0 ..... I-< I-< 0 I-< .... 0 '" 

_ QI .... '" ... QI I-< ... QI'" ... 
::> o I': I': ... '" 0. ., 
... I': QI 0 "':;.: 3 QI .... QI '0 QI ....... ., '" I'< m I-< 
mu Id 0 m 0 m 0> 
I':tJl :. .... I-< ..: QI .... QI .&::'" '0 

'0 m U ... '" QI I': ... I': QI '0 0 ..... 
.&::Id I': .... 0> o QI ..... ... QI :> QI ...... m Id 

m '0 0 ..... '" I': - ... ::> 1-< ..... I-< ::> 0 ~,g ... 
'" 0 0'0 .... '" ~ ., U .... Id ... \D 

Id Id QI I-< I-< Id '" 0 
'OI':QI ... .&::0 "'0> I-< ..... .... 

.... >. 0 ... 0 QI ... 
m ..... 0 0. ..... '" ..... li) ~ '" >.1-< • .&:: 0 .... I-< 
.&::QI ..... '" JlQl "':. ... ... 
... ml-< '" ... '" a: I': '" I-< Id ..... "'''' "'''' .&:: 0 .... 
0::> QI U "':;': ..... ... ... I': 
"'0 '" C .... 

U QI ... ..... '" I': QI 0 à .a " .&:: UI 0 .... '" ... 
oc ... I-< c ::> ... '" .... 0 .... ....... "' ... I-< I': 
1-< .... I': '" I-< ... '" QI 0 I-< 

'0 
g,. Dl·1"'i 

I': '" .&:: '" I-< 0 .... QI oa. 0> ..... QI 0 '" ... :> QI .&:: .... ......... I-< E-< .......... E-< ... '" " '" QI I': 
~ ro t ::> Id '" I-< 0 ........ 0> - ... 0 QI .£ "'I-< 0 ......... 1':'" '" :- ..... 0., ....... .... '" '" :>. 

M 
.... \D III'" ... '" ... I-< 

I': I': QI '" I': ., 1': ..... QI .... Id I .... ::>.e: ..... .... Id .&:: ., QI Cl ......... III 1-< ..... ... I-< >. 
QI I': I': 0>'" 0> .... QI 

0'0 I': .... I': :. , ... :> QI ..... • ,.. C1)"r'4 .... QI I': '0 .... .&:: Jl "'1-< I': ... I': QI ::> QI I': ... 
'" ::> QlIII 0 I': 0 I-< ... 0 E-< "''''1': .... Id· ... 0> ._ I1l I-< 

'I"'i ~ 0 ... 1-< ... QI 0 0 I-< QI 0 +' o· ... ::> 0>::> "O.poj.,,; 0 .&:: '" '" ... 0 ... , ... I-< I-< 0. ... 
1':'" ::> \D .... QI .... I': Id I1l I-< III 

• ..-1 '''; ., '" ... QI'" QI ...... 0 '" QI .... ..... III I-< III :> I': I': U 0 I-< 
0>'0 ... I': 0>1': · ..... 00 I': " I': I': '" C .... QI .... 0> .... QI ... 
·ri rd c:: .... '0 I': I': ... .... ... .... 0> QI "'I-<I-< m '" '0 
1':>' '0 I': "'.&:: I': QI QI Id .... I': 
'" 0> I-< QI .... ... I1l ...... :. ..... QI 
I-< 0 QI .&:: ... m '" III 

.... 0. 
0> ..... .&:: ., I': Id QI 'OQIQI I-< '" X , 0'" .... Id ..... QI:;'::;': 0 '" QI 
QI I': 0 ..... I-< '0 .... ... m Id 0 
QI.&:: Jl 0> QI.&:: "'''' ... '0 ... QI 
I-<u.&:: Id I 

... " I-< 0 0 I': I': I': .&:: 
O>QI ... ... QI '" 0 . ... Id 0 E-< 
Q,lf-i'r-i m QI I-<r- o.>.>. :;.: I-< 
'0 :. QI I-< 0'" 1-< ...... '" 0 '0 0> a.", o· .... · .... .... idE-< ,.; I1l1':'O III QI 1-< ..... UIII'" 0 

Id QI Id '" 0 I': I-< I-< "'''' Id 

'" '0 " U C 'ri 4J Q,) >. "'0 QI 
Id QI::> '" 1': .... :> :> ... '" :>. 

u ..... >. .... Ul·.-4~ . ... ..... >. 
'OI':U I-< m '0 I1l C I': '" ... III 
QI QI I': ::> I1l III QI :'00 I-< 1': .... .... 
+' .......... .o "' ... QI .... III £ '" U '0 '0 :. I-< >'QlOl > " Oltlllll ::> Ol Id ... .&::.&:: .... '0 Ol 
I-< .... til ... 0'" ·ri +' +J I': Ol > I-< o '" 0" UI ::> '0 .... 0 

'" '" '" QI ..... ~££ I': I': .... 
"''''QI 0 I-< I-< I'< QI ::>0 
Id I-< I-< 'o QI Id :> .... .&:: 0 ... 
:Jo":::> >. ... I-< .... "'0 ... .... Ol I': ... ... '" Id 0> I': Ol .&:: QI 
)14-1 ·rot .... '" :;.: 0 0'0'0 I': "' ... I'< 
... 0'0 '" " I-< QI I-< Ol Id ..... .... I': I-< "'0. C"'Id .&:: ~£ 0 
'" QI Ol Ol >. 0 "'''''' " I-< 
I-< 0> a. :> ... 0> J..4·ri rd I': 
Ol QI X .... .... >.1': Ol ..... M- "''0 Ol > ..... Ol I': '" ....... ..c::.,.,j 0'} .... QI ......... 0 I-< .... I-< "''''QI \D '" I-< 0 
1':0'0 QI '" Ol ::>'" QI '" I-< I-< I': 
OUI': I': :> I-< Ol 04"'1-< ..... Ol QI 

Id Id .... QI I': 0> :>'" ., 
'0'0 .... I': > .... o I': QI 0 • ... I': Id 

'" '" '" ... 0 .... 0> OOl'O ..." I': 0 " Ol QI QI C I': I': ..... QI 0 Ou 
.&::'&::Ol QI ... o QI I-< Jl I-< I-< m Ol 
QI QI I-< I-< I': QI .... 0'0 "':Ol I-< 
...:...: 0> ::> QI QI Ol ... '0 QI .... I': I-< I-< Ol 
~~~ s I-< .&::.&:: Idld.&:: 1-< .... o QI .&:: 

E-< E-< ... :;.:.&:: ... "':;.: >< " E-< 

:! ~ \D t- e '" 0 ;::;- 
..... :::! 

89 



... , 
o 
Ql .... 
'il ... 

Cl) 
ID , 
r 
ID 

'" .... '" '" '" '" 
r 
ID , 
ID 
ID 

'" .... '" '" '" '" '" '" 
ID 
ID , 
LI> 
ID 

'" .... '" '" '" '" 
LI> 
ID , ... 
ID 

'" .... '" '" '" '" ..,. 
ID , 
M 
ID '" r-----------------------------------~ .... '" '" '" '" 
M 

~ I-----------------------------------~ 
N 

~ ,-------------------------------------, .... 
N 
ID , r-----------------------------------~ .... 
~ I-----------------------------------~ .... 

.... "" "" "". "" ~ r-----------------------------------~ 
o 
~ I-----------------------------------~ .... CIl 

Z o 
H 

!;; ... 
H ... 
CIl 
Z 
H .. 
o 
til 

~ 
~ 
8 

o 
ID , r-----------------------------------~ 
'" ~ r-----------------------------~----~ .... 

'" LI> ~ ~ , "" "" "" Cl) I--------------------------- ~ 
li"! ~ R:I Q Q Q '" r-----------------------------------~ r-i k'lk1k1k1 ~ re 

cc 
~ ti~ ()~ t)>;: 
.... ,-----------------------~----------~ an t) Cl Q Q R:I '" ,-------------------------------------, r--4 k'lk1k1k1 k1 k1 

r 
LI> , 
ID 
LI> 

'" .... 

<: 
° • .-1 
+' 

" +' • .-1 
+' 
'" <: 
H 

90 

>< 
+' ........ "' .... ~ '" Ql > ~ . ... ° <: .... 
::> 

'" Ql+' 
oC'" 
+''0 
oCQl 
+'Ql .... ~ 
)0> 

Ql 
'0'0 
Ql 
+''0 
'" e: .... '" .... .... '" .... LI> 

.... , 
"'''' LI> 

"'''' "' .... ) ° 
'O+' 
<: "' .... LI> 
Ql , 
O>ID 
QlLl> 

.... '" ........ 

° u'" ~ 
e: '" ° Ql '0>< e: 
'" Ql ~.c 
Ill+' 

DI ~ '" "'O.Q 
.... 0 

~ ",.~ 
O+'I:: 
~~;j 

..... 
Ql ° +' 
"'>. 'O+' .... 
+' DI '" ~ oCQl 
+'> .... ° e: +'::> 
~ Ql 
OOC .... +' ~ 
Il. ~ 

Ql 
'0 • e: 

ID" 
ID 
"''0 
.... Ql 

+' 
c '" • .... ·rot .... 
>< +,e: 
.... Ql 
'" Ql ~.Q 
Ql > Ql .... > 
e: '" "oC 

.... '0 

'" ° . ..; .... 
u ~ e: Ql 
.... '" > OlD ~'" "'''' .... 
0>' e: Ql .... ~ 
+'''' I:: 
'" Ql ~.c 
O>+' 
• Ql ~ 
Ql ° ~ .... 
0> 
Ql '" 'O+' 

'" "''0 
Ill .... "' .... '" '0 Ql ., 
oC>' 

'" '" .... '" .... 0> 
.0 .... 

'" '" +'u 
'" Ql+, 

'" <Il 

'" '" ,,+' ... 
><Ql 
... .0 "' .... 0>": .... "' .... uo 

.... >. 
o+' ... 
><'" ...... 
.... Ql 
'" > "' .... Ql c 
>::> .... 
" Ql ::>.c 
+' 

Ql 
oC'" ... '" ... 



.0: 
H 

~ 
H 
0 o 
Il: 
til 
H 
E-< 
H 
Il: 
al 

Z 
H 

.0: 
E-< 

Lfl ~ I 
0 

0 
QI ~ M 

~ til 
E-< Z 

0 
H 

!:; 
E-< 
H 
E-< 
til 
Z 
H 

c.. 
0 

Ol o 
~ g: 
0 
U 

-~- 
CI) '" '" se '" '" I ..... Cl Cl Cl Cl 

'" '" M .., .., .., .., 
r- '" '" '" '" '" I 
'" Cl '" Cl 

'" '" M .., .., '" '" 
'" se '" '" '" '" I 
Lfl '" '" '" ID 

'" M '" .., '" '" " Lfl '" '" " '" IQ 
I .,. '" '" '" IQ 

'" M '" to '" .,. '" '" '" IQ 
I 
M '" '" '" IQ 

'" M .., '" '" 
M '" '" '" IQ 
I 
N '" '" IQ 

'" M '" .., '" 
'" '" '" '" '" I 
M '" '" '" '" M cc .., '" 
M '" '" IQ 
I 
0 '" ID "'- M '" '" 
0 '" IQ 
I 

'" '" '" '" M '" '" 
'" '" " I '" CI) 

'" '" '" M '" cc 

CD 

'" " I " r- 
'" '" '" M '" '" 
r-. 

'" " I '" \0 

'" '" '" M '" '" 
.c: >. 
Ul 01) -., . ., 
01) Ul . ., ... 

I': ... QI 
0 al :> - . ., . .,- '" 01) ... I':M -'><- 
::I 0 P- )..j >t o-e 
01) I':QloI) . ., ),n:lQ.lOUJ·o-I>,ro 
01) +J.~ ~ til ttl 00+)-0-1 
Ul '.-i~ ...-i ~ 1-( • ..-1 J..4 
<: to CQ.l~Q}tlJO 
H ... Z > ... 01) 

QJr""i Q) s:=.,..j OJ {) 
:> 0 ...... 0 I': > . ., 
·.,t)oI)Ofi::>·":> 
è 0 . ., è 
::> Z til ::> 

91 

~ 
QI'" QI 
... 01) 

'" QI 01)0 . ., ... 
o o ... '" Ztll o QI 

Ul '" 
0I)'tl 
o 

'" :> 
..,'tl 

0 :><: 

iZ '" " o • "'0 <:.c: ID 
.!.IUl <: I . ., 

)'" 
" è OLfl 
'" 0 0:;'" 
) '" .!.1M . ., 
01)01) Ul 0 . ., .ê "'01) 

0:; .... 
:. ..... 

10 
01)", 
• ., I 

~>. \0 
·Lfl 01) M'" _'" \OM 

QI Ol '" 01) ... MOl 
'" QI ... 
'tl> QI '" to . ., ... QI'" 01) 0:; a >'§ ",::> 

ii~ QI QI 
alJ1M 

01)0 
O'" o 01) :> .... 

'" MOJ1 ... X "' .... Ol 
.~ tI) '" . ., 

MOlol) ....... QI .... 
",U M >. ...... 

<: \D M ::I al 

'" '" ::loi) .... M .., ....... Mc.. 'tl0 

'" <: 0:; <: 
",. .... .... QI>. Mol) 1l.0I) til >. g &l'~ 0:; 01) .... ~ .... . ., ... m 01) QI 
>'.0 ... :> .:> 01) QI .... tU-ri 
• .,'tl > ........ I=: 
m QI . ., .; ~§::> ... 'tl c 
QI ... " QI è ... 
>111 ., 'rot,..... IV ,., ) "" 8. O'tl 
è '" è "'U è " ,., ... 0:; " Ul 01) " • ., J1 
""QI <: Il. 01) .. '0 
è Q) '" C·,., (LI ,., ... ... QI "'01)'0 
01)"" '" > ....... ::I 
0:; QI I . ., r"'M "''0 QI 01) alU ... QI '" Q) 0:; 

"'''' ... ... Q)~'r-4 
,01) '" 01) ... 0 QI,., QI Ul '" C QI 'tl . ., QI >. QI 
"''0 è 'OoI)QI 

"'''' '" ~ '''.0 QlJ1 
'" Ol '0 m "'QI 

'0 '" '" m Q):> 
'" <: "':>'" '" '0 ... ,., J1 
Q) Q) 0 '0 0:; fi _ 

J1 ... QI::>'" 
~ii m 01) ID ,., Q) '" Q)' Q) • ., M ... ~ii~ .Cl ) .o Q) 

'" a: o '" 0:;'" 01) J1M 
o Q) m ... mol) 
mol) Q) '" tU'.-lO 
M'" Q) :')01) QI • ., II) >. 
ZM '" "''tl ..... . ., :. m .... WLil ...... . ., ...01), 
0 .... >. J1 0"'''' 

'" 01) 01) .v.r-i U"I :;., . ., OM'" 01) Ul Ol ... 'r-! ..... -I . ., '" ... 0 :> ... 
ma: Q) ... "'Ol ... > ...."' ... Q)0I) . ., Ol 0 '" > • ., <: QI Ol Q) .., ::> ... >."'>. 
è- ::I 01)) 
::>Q) ... 01) ,., QI 

"" Q) . ., 1I)'OJ1 
QI Q) <Il '0 "'Col) 
~;::l '" C QI '" ... Q) > ... 
00 c.. ~ .1"4 CU 0 

U 0:; "" ... Q) <: QI ::>QI 

~~ ~ M'" QI QlMoI) . ., J1 J10'" ZO til E-< E-<U'tl 

:j N M ~ - - 



APPENDIX E 

STATISTICAL TABLES 



~ ~MI'IO~IO~ll'lMNCXlIO 
III 0I0~CXlll'lNNCXlOlIOll'lO 

.j..) ONMM~I'ONI'Mll'l~ o ... 
E-t ~~~~~~NNNMM~ 

CXlll'lll'lOll'lOlMMNll'lN~ 
1011'1IO'<I'M~M~ll'lll'lI'CXl 

OI'I'~ONIOCXlOlOlOOl 
N~NMNMNNNMMM 

ION'<I'IO'<I'Nll'lOIOMI'M 
IOCXlI'I'OI~~M~I'OOl 

~~~~~N~ 

I'CXlOl~CXlNOIl'l'll'llOll'l 
CXlOlOl~~Nll'lI'NIOll'lN 

~~~~~NNNM 

MNM("')("'f"'JI"')["'-of"OO("l"')['CX) 
III 10011'1OlCXlOIOIOI'ON 
~~NNNMll'lll'l101'0I0 

~ 

ll'lCXl~MNMCXlIONOIll'lOl 
MI'CXlOOOOlO~~I'CXl ~~~ ~~~ 

NCXlro~ONOIOINMNO 
MMNMll'lMNll'lIOll'lIOCXl 

ll'lCXlCXlI'IOCXlOlMOOIO~OO 
I'CXlOOlOMlDl'l'll'lCXlOl 
~~N~NNNNNMM~ 

N'<I'~CXlI'I'OI'IDI'MOI 
MN~~~~M~IDr-CXlQl 

~I'O~ll'lN~~OMN~ 
1l'lI'OQlOOU'lI'U'lU'lCXlIO 
MM~M~U'lIDI'OMMOO 

~~~~ 

I'CXlOlO~NM~U'lIDr-OO 
U'l1l'l1l'l10101D1D1D1D1D1D1D 

k I I I I I I I I I I I I 
~ IDr-OO"'O~NM~U'l1D1' 
QJ U'lU'lU'l1l'l1D10101D1D1D1D1D >< 0101"''''0101010101010101 ~~~~~~~~~~~~ 

94 

~ 
QJ 
> QJ 
H 

r.:l~ 
~ QJ 

E-tk<.!lU 
o 101 

~.j..)rnQJ 
U.j..) .,-i 

OOkU 
Q~tIl 

Q 

~ 
~ 
o 

~ ~ 
.j..) 
o 
8 

O'\OMNf"l.Of'CO("l")~I..ON 
101'1l'l0l~N'<I'1'0I'<1'1O'<I' 

~~~~~NNM 

k 
Qi 

ii o 
OO~ONOOOO~ON 

IOMNll'lMCXlMO\Mll'lOIO 
~~N~ 

k 
Qi 

ii o 
I'MOIIO~OOI'CXlO\Oll'l 
~N Mll'll'll'lIOI'O"'O\ ~ 

1D~~~OOCXl'<l'~NOIIDOI 
~~~ll'lU'l'<l'O\OO~ll'lN 

~~~~N 

I'OOOlO~NM'<I'll'lIOI'CXl 
ll'l1l'l1l'l101O1.O1.O1O1O1O1O1O QJ 
I I I I I I I I I I I I U 
IDr-CXlQlO~NM~U'l101' k 
U'lU'l1l'l1l'l1010101O101.0101O :;l 
010101010\0\0\0\0\010101 0 
~~~~~~~~~~~~ cil 

J 



I"-IXIC7\O..-lNM""Lt11D1"-1XI 
Lt1Lt1Lt11D1D1D1D1D1D1D1D1D 
I I I I I I I I I I I I 

1D1"-1XIC7\O..-lNM""Lt11D1" 
Lt1Lt1Lt1Lt11D1D1D1D1D1D1D1D 
C7\C7\C7\C7\C7\C7\C7\C7\C7\C7\C7\C7\ 
..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1 

C7\..-I""MOC7\..-IMMIDOID 
M""MLt1NNID""OC7\1D1XI 
1D1XIC7\1"-..-IC7\MLt1I"-MMLt1 , , , , , , , , , , , , 
MMMM"""" Lt11D1"-1XI1XIC7\ 

..-I..-IOID0Lt101"-""NI"-..-I 
C7\1DLt11D..-ILt1Lt1Lt1..-1""Lt11D 
I"-I"-IXIM""""""Lt1I"-I"-""Lt1 

OC7\M""IXII"-I"-I"-I"-OLt11D 
O..-lIDIXIC7\I"-Lt1IX1..-1IX1Lt1Lt1 
N..-I..-I..-I..-I..-I..-I..-INNNM 

..-IOIXI""M..-IIDMIDIDMLt1 
IXIIXIC7\O..-lNM..-IM""""1XI 

..-1..-1..-1..-1..-1..-1..-1..-1..-1 

1D""""NCXlLt1IDN""..-I""1"- 
1"-1D..-I..-ILt1..-1M..-I..-IN..-IC7\ 
Lt1IDIDIDIDIXICXlC7\NOC7\O . 
1DLt1C7\M0Lt1""CXlCXlLt10N 
C7\C7\CXlIO..-I..-IOIOI"-Lt10"" 
NNMM""""""""Lt1IOLt1Lt1 

N""NI"-IOI"-1001"-Lt1""N 
OCXlIDIOCXlMLt11001"-I"-N 
MM""Lt1IOC7\OMCXlI"-Lt11"- 

Lt1I"-MLt1IO..-IN..-IM""C7\CXl 
Lt1Lt1IOIOOC7\MN""I"-Lt11" 
MMMM""MMMMMM"" 

..-I..-ICXlI"-Lt10IONLt1Lt1101O 
CXlC7\O..-l..-lM..-IOCXlLt1101" 

..-I..-I..-I..-I..-IN..-INNM 

Lt1""""MCXlOLt1M""..-I""C7\ 
C7\CXlC7\OLt1MM..-IC7\..-II"-Lt1 
NNNMM""""Lt1Lt1CXlC7\O 

..-I 

OC7\C7\MCXlNIO..-INM..-IC7\ 
MMIOI"-O..-lM..-II"-C7\O"" 
..-1..-1..-1..-1 NM""''''' IOMLt11O 

NI"-""C7\IXIIOMC7\M""I"-..-I 
MID NC7\Lt1"" 0C7\"" ""..-I 10 
Lt11O""Lt1Lt1I"-O""'NC7\""Lt1 

95 

tiI..-I 
ttl QI 

E-t,..~tJ o 1':1 
~+JUlQl tJ +J • .-1 
00,.. o 

Q~CIl 
Q 

~ 
p:: 

~ 

IONI"-NNLt1NIOCXlCXl..-l..-l 
NLt1..-1C7\Lt1MCXlLt1Lt1I'-""N 
NNMNMoq....,..:;rI.OCOCX)O 

O..-l..-lCXlOC7\Lt1CXlNLt1I"-..-I 
1O..-IC7\ION..-ICXlI"-MMC7\C7\ 
Lt1IOIOCXlOMLt1""Lt1NIO..-I 

,.. 
QI 

fi o 
1"-1"-C7\Lt1100"" 1"-0 C7\CXl..-l 
NN..-INNMMLt1Lt1""101O 

OO..-lI'-C7\IOI'-MCXlNCXlCXl 
OC7\C7\C7\C7\I"-CXlO..-lNLt11O 
..-I ..-1..-1..-1..-1..-1 

I"-N""""MCXlNNIOIOO..-l 
O"l:t'I"OLn..::rr'-OO\"COCOM.q. 
NNN""Lt1I"-C7\COCO..-lIOC7\ 

..-1..-1..-1 

I'-COC7\O..-lNM""Lt1IOI"-CXl 
Lt1Lt1Lt11010101O101O101O1O 
I I I I I I I I I I I I 

IOI"-CXlC7\O..-lNM""Lt1101" 
Lt1Lt1Lt1Lt11010101O101O101O 
O\C"Ia"IO"IO"\C"IC"IC"IO'\C"IC"IO"I 
..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1 

Q 
X 
• .-1 
'0 
1':1 
QI 
P. 
~ 
QI 
QI 
CIl 

QI o 
~ o 
CIl 



o 
H 

~ 
E-< 
Z o 
Z 
H 

CIl 
l'tl 
H 
E-< 
H 

&l 
~ 
H 

?5 
co 
rl 

L()CI'Iq<L()IDNCOr--NL()OO 
COrlq<r--CI'IrlOCl'lIDL()Nq< 
NlDrlq<COq<q<q<q<MIDO 

q<MCOL()L()CI'IMCI'INL()Mr- 
NL()q<CI'Iq<COq<q<OIDON 
MMMMq<q<L()L()IDIDr--r-- 

ML()COONq<CI'IlDrlCl'lOM 
L()L()L()rlONMCOCl'lq<OL() 

rlrlrlrlrlrlNMM 

r--rlq<CI'INML()NCI'IL()L()N 
CI'IrlNCI'INL()ML()CI'IIDr--r-- 

rlrl rlrlrlrlrlrlrlrl 

q<CONCONq<rlMrlMCI'IN 
rlrllDCI'ICI'IIDr--q<IDCI'ICI'IM 
1D1D1D1Dr--COCl'lOrlNML() 

CI'Irlr--L()NOOOMCI'Iq<rl 
CI'Iq<L()L()r--r--COrlMNOlD 
rlNNNNNNMMMq<L() 

rlMMCOOCOrllDL()COMM 
L()1Dr--CI'IMCOrlOq<rlIDN 
rlrlrlrlNrlNNNNrlrl 

COCl'lNrlq<NL()CI'INCI'IOID 
Oq<MCOMrlCl'lOrlNCOr-- 
1D1Dr--1Dr--r--IDCOr--COCOCl'l 

L()IDMCI'IML() r--q< IDrlr--L() 
OOIDL()MNL()q<rlr--q<O 
rlrlrlrlNNNNMMML() 

OCl'lOq<IDOOL()L()Mq<O 
1DL()1D1Dq<L()L()lDrlCOIDN 

rlrlNMq<q<IDCI'I 

MNNCDCDOI"OONOOLf')M 
o,\Lf')N('"),....O~IDCO ..... o,\q. 
M.q.L,O.qt""""IJlf""'-OOOOO-.::r 

rl..-lrlrl 

,...fC\llflCX)C\lr""-r-IM\OLf')O'\Lf') 
CDri...,. ..... ...,.I""'ICD ..... O ..... CON 
\,OCOOt"")Mr--r-Ir--N\OqI ..... 

..... OOo\Or-lNM...,.U")\Of"""CO 
L()L()L()IDIDIDIDIDIDIDIDID 

... I I I I I I I I I I I I 
ftj ID['COc\Or-lNM""""lfll.Df' 
<Il L()L()L()L()IDIDIDIDIDIDIDID 
:;...t 0'\0'\0'\0'\0\0'\0'\0'\0'\0'\0'\0\ 

rlrlrlrlrlrlrlrlrlrlrlrl 

96 

l'tl 
II! GJ 

E-<1-<<a0 o s:: 
~.jJIIl<ll o .jJ-.-I 
001-<0 

Q~CIl 
Q 

~ 
~ 
t.!) 

GJ > 
<Il 
H 

CI'ICI'IrlCOrlCOL()Mq<q<NM 
r-Io,\MN ..... m...,.Mo,\Mr--...., 
NrlNMMMq<L()IDCI'INq< 

rlrl 

rl L()MONq<rlNOL()IDL()q< 
II! MCI'IIDNOOIDL()IDIDq<q< 
.jJ 1D1Dr--O\OrlMq<r--rlr--N o •••••••• 
E-< rlrlrlrlrlNNM 

I-< 
<Il 

ii o 
1Dq<q<rlL()L()O\rlMIDCOrl 
NNMNMq<q<L()IDCI'IrlL() 

rlrl 

O\COq<q<No\IDOq<q<Mrl 
O\CI'ICOCl'lrlCl'lq<q<lDrlrlM 

rl rlrlrlNNM 

rlNrlCl'lIDCI'INIDq<NNCI'I 
CI'Ir--rlr--COIDNNq<Nq<rl 
NMq<q<q<L()r--r--COCl'lrlM 

rlrl 

t"-ocomOr-fMM...,.lfl\,O['CO 
L()L()L()lDlDlDlDlDlDlDlDlD 
I I I I I I I I I I I I 

I.D ..... COmOrlNC""l'll:l'Lnl..Of""'o 
Ll'llJlllllfl'D\OI"O\O\C)\O'.01..O 
0\0\0\0\0\0\0\0\0\0\0\0'\ 
rlrlrlrlrlrlrlrlrlrlrlrl 

<Il o ... 
::I o 
CIl 



UJ ~ 
H 
8 
H 
gj 
g; 
H 

S 

II")IOf"lOf"l",r--NII")IOCOO 
CO..,. II") f"lf"lOIOr--..,. f"lIl")N 
""1I")1Or--COO..-;..,.II")"'II")"-; ... ... ... ... ... ... .. 

"-;"-;"-;"-;"-;Nf"l 

97 

..-; 
QJ 
> QJ 
H 

Iil..-l 
I1l QJ 

8~""'tJ o 10: 
.o::;J!Il ID 

tJ ;J.,-j 
::0 0 ~ o 

Cl.o::UJ 
Cl 

.0:: 
p:: 

" 
..-; 
QJ 
> QJ 
H 

MO"I<o::;tIO"I"'d'OOI./)Mr--MI"""!O"I 
r---.:r\.OO"INq..q.r--Lf'Ir"'-NM 

"-;"-;N"-;"-;Nf"lf"l 

..-; f"lNNCOIONf"lr--"'IOf"lr-- 
I1l f"l""f"lIOf"lO"-;"-;NII")"'N 
;J N..,.IO"'NCO..-;r--N"'f"l1O o ... 
8 NNNNf"lf"l""""II")II")r--co 

!Il 
~'t1 
QJ"-; IOCOCON""II")f"lIl")f"l""II")N 
..t::QJ 101Of"l1l")U,r--"'f"lNIOIO..,. 
;J.,-j "-;"-;"-;"-;"-;"-;"-;NNNNf"l 
01'< 

O"""'ONIO"'II")Of"lIOf"l 
O"\OOO"lO"lOOO"lOOO'lO"lr-tOOr') 

..-;..-;..-; 

lI")""II")"'N..,.Or--""II")f"lCO 
r'-\OO"IlOOONNr-tMO"'ICO 

..-;..-;..-;..-;..-;..-;..-;..-; 

f"l..-;r--CO"""'''-;f''l''-;N''-;II") 
..,.O"-;f"l..,.CO"'IONIO"-;O 
f"lf"lf"lf"lf"lf"lf"l""II")II")r--co 

QJ 
I tJ e ~ 
8 ~ 

II")r--OIO""II")""IOOII")NN 
1O",,,,"-;ONNNII")r--II")O 

"-;"-;"-;"-;NNNf"l..,. 

O"IO"";\OMoqtMN.qoL(')lOOO 
CO..,."-;NIOII")II")NII")N"-;..,. 
"-;"-;NNNf"l""II")IOr--CO", 

~ 
QJ 

fi o 
""1O",N",,,,II")"-;COr--IO'" 

"-;f"lf"lf"l""1I")1I") 

Or--II")r--r--"-;ION"-;CO"-;1I") 
f"looor--f"lr-II")OCO"-;"-; 
"'d"I.I)I.I)\.O\OCOOOO"lN""COO 

"-;"-;"-;N 

"-;""f"lIl")f"lr--"-;NN..,.OOr- 
N "-;"-;"-;Nf"lll")r-IOIO"-; 

..-; 

~ 
QJ 

fi o 
"-;"-;II")Or--ONCOr--..-;Of"l 
"'CON"-;"-;IO..,.IOCO..,.r--f"l 

"-;"-;"-;"-;"-;Nf"lf"lf"l"" 

r--r--"-;Of"l"'IOOII")r-O..,. 
II")Nf"lf"lr--II")IOr--COf"lOOf"l 
f"l"""" II") II") 11")""..,...,...,...,. II") 

r--CO"'O..-;Nf"l ... II")IOr--OO 
11")11")11")101010101010101010 
I I I I I I I I I I I I 

IOr--OO"'O"-;Nf"l""II")IOr- 
\l")1.I)L(')I.l)\O\.O\O\O\O\O\.O\.o 
O"\O"\O'IO'\O"IO'\O\O"ICJ"IO'\O"IO'\ 
"";"";"";"";"";"";"";"";"";"";"";..-1 

h- __ 

!Il ~ 
:l o 
10: 

QJ 0 
tJ:I: 
10: 
QJ 
.,-j..-; o I1l 
UJ ~ 

~ 
QJ 

" 

\.OI""'"4COONMO"'IN""';ON\O 
MoQI.qt\.O\.OOOOOO"lMr"iJ")"" 

.-I ....; 

""""II")f"lNONf"l..,...,.N", 
II")IO.-INII")II")OOr-NO.-lII") 
~I"""INNNM""""I.I)\Or--r-- 

Nf"l"";f"lf"l"";IONII")Nf"lf"l 
M~"'dI\Dl.I)c:or-t,.....j..,.r--"c:o 

.-1....;.-1 ....; 

r--OO "'O"";Nf"l..,. II")IOr--CO 
11")11")11")101010101010101010 

~ 1 I I I I I I I I I 1 I 
I1l IOr-OO"'O"";Nf"l""II")IOr-- 
QJ 11")11")11")11")1010101010101010 

>< "'''''''''''''''''''''''''''''''''' .-1.-1.-1.-1"";.-1.-1.-1"";"";"";.-1 

Cl 

X 
.,-j 
't1 
10: 
QJ 

~ 
QJ 
QJ 
UJ 

ID o ~ 
:l o 
UJ 



.:t: 
H 

~ 
:J 
H o o 
:r: 
Ul 
H 
8 
H p:; 
tIl 

Z 
H 

Ul 
r.l 
H 
8 
H 
gJ 
~ 
H 

S 

rl t'O'<l'aJ'<I'OrlLflrlaJaJ<I' 
en t'aJMMOI'<I'OIt'M\OrlOl 
4J ....... r"loc:rlf)mOOO"'!'o:::t'OOONlf) o •••••••••• •• 
8 rlrlrlrlrlrlrlNNMMM 

L{)\.OOON~Moe:t'C"'t.qtMM 
I"t"--OOO"lO-.::rI"OONI"COr- 

rl..-l..-l..-lNN..-I..-I 

NNMM['\.f')O-.::rr-l-.::r\.OO 
Lflt't'\Ot't'\O\O\OaJOO 

..-1..-1 

("')OOQCO\.Ooo::r\.O\O\"OoO\O'\ 
LOC"--NO"IOO\.Q\Dr"O"Icor---r- 

..-I 

..-It't't''<I''<I''<I' M<I'LflOrl 
MM'<I'<I''<I'aJN<I'\Ot'\01X> 
rl..-l..-l..-l..-l..-l..-l..-lrl..-l..-l..-l 

QI o 
S H o QI 
uS 

..-IMNIX>LflO..-lOl\oIX>O..-l 

..-I..-ION..-I..-ILfl..-lMM..-I..-I 

..-I..-I..-I..-I..-Irl..-l..-l..-l..-l..-lN 

MIX>Nt''<I'OIIX>IX>O<l''<I'..-I 
<I'..-IIX>OIMIX>t'\OOIX>IX>O 
..-I MN..-INNM'<I'\O\Ot'1X> 

'"CI QI 
QI 0 
.,-i J:: 
..-IQI 
p..,-i 
P.O 
.:t:Ul 

IX>NNOI\O\O'<I'O..-lOlLflLfl 
t't'..-IIX>..-INIX>NOILflOOl 
rlrlN..-INN..-IN..-IrlN..-I 

1X>\OIX>Lfl\ONt't'IX>'<I'N 
..-INLflLfl\Ot'OIO..-l..-lN 

rl..-lrlrl 

N..-I\OLfl'<l'MMM..-I..-I1X> 
Lflt'..-IMt'N..-IMNLflO 

..-I..-I..-INMM'<I''<I'Lfl 

C:O\OM\.O~CO\.OOO'\Nr---O"I 
U"lM'<I''<I'Lfl'<l'Lfl..-lONrl'<l' 

..-1"1..-1..-1..-1 

\OIX>IX>\O\OO'<l'..-ILflMOIt' 
t'Ot'Ot'\OOlX>O..-lOt' 
MMN'<I' M'<I'Lfl\Ot'1X>010 

..-I 

.. 
t'COOlO..-lNM'<I'U"l\Ot'1X> 
U"lU"lU"l\O\O\O\O\O\O\O\O\O 

H I I I I I I I I I I I I en \Ot'IX>OIO..-lNM'<I'U"l\Ot' 
QI U"lU"lU"lU"l\O\O\O\O\O\O\O\O 
>< 010101010101010101010101 

..-I rl..-l..-l..-l..-l..-l..-lrl..-l..-l..-l 

98 

r.l en QI 
8H"'O o ~ 
.:t:-iJIIlQl 

U -iJ.,-i 
:J 0 H 0 

Cl.:t:Ul 
Cl 

.:t: 
p:; 

o 

al > 
QI 
H 

H 
QI QI 
-iJ"'O 
III ~ 
Id III QI J: -iJ .,-i 

H U 
.:t:Ul 

OI"I"MMLflOOL()OLf"lOM 
Lfl\OU"l\OaJOOlN'<I'U"l\ON 

..-I ..-I..-I..-IrlN 

..-I..-It''<I'Lfl..-lrlaJ\ON\O\O 
NtJ')L.()\.OOO(\JI"NCO\oI"O 
rlrl..-l..-l..-lNNMM'<I''<I'\O 

H 
QI 

-B o 
NNOMMM\OaJaJt'N..-I 

..-I..-IN 

aJMrl'<l'OIMLfl"<l'"<I'OOlM 
""'r-lN t-4MMqtlf)\.01" 

H 
QI 

-B o 
r-IO"IO"IqtOONr-Ioo::tOLnO"l 
\O\OIX>t'OIOM\OOI"<I'MIX> 

..-I..-I..-I..-INNN 

t'IX>OIO..-lNM'<I'U"l\Ot'CO 
U"lU"lLfl\O\O\O\O\O\O\O\O\O 
I I I I I I I I I I I I 

\Ot'IX>OIO..-lNM'<I'U"l\Or- 
U"lU"lU"lU"l\O\O\O\O\O\O\O\O 
0'\0'\0"10"10"10"10"10\0'\0"10"10'\ 
rl..-l..-l..-l..-l..-l..-lrlrlrlrlrl 

QI 
QI 
Ul 

QI g 
QI .,-i 
o 
Ul 

-It 

QI o 
~ o 
Ul 



LnLnNIOCXl..-lIOCXl'<t..-lO\Ln 
..-l OCXlNCXlNNI'IONOIO..-l 
III LnMIOCXl..-lOI'NOLnO'<t 
-IJ - - - - - - - - _ _ _ o LnIOI'CXlONMI'..-lI'I'O\ 
E-t ..-l..-l..-l..-lNNM'<t 

CXlI'NI'IOO\CXlLnCXlOLnLn 
O..-lO\'<t'<tM'<tIO'<t'<tIO'<t 
LnNNM'<tLnIOO\CXl'<tMI' 

..-lNN 

..-l..-lO..-l'<tIOOCXlI'I'CXlLn 
MI'OO\CXlNOCXlM..-lLnI' 
..-l..-lNNNMLnLnCXl..-lMCXl 

..-l..-l..-l 

III c 
~ o 
til 

LnCXl'<tMMCXlNLn'<tCXlNO\ 
MI'LnLnCXlCXlMONOI'IO 
O\MMM'<tI'I''<tMNCXl'<t 

LnM..-lCXlNCXlIOOI'OI'O\ 
MCXlNMLnO\CXlO\I'MMN 
LnIOI'CXlO\OOMNO\NO 

........................ 
MM'<t LnIOI'CXlOMI' M..-l 

..-l..-l..-lNM 

99 



U 
I'l 
CIl 
[§ 
o 
Z 
H 

ONMO'ICO'<tCOCOIOf'M,"" 
,""Mf'f''<tOlNNLf10101M 
COCONf'M,""'<tM,"",""f'Lf1 

f'OMIONOIIOLf1f''<tIOO 
,""NNNMM'<tLf1IOCOOM 

'""'"" 

ONCOCOMIOMOOlIO,""f' 
Lf1'<t,""IOOI'<tNOIMCO,""OI 
f',"",""OMf'COOl,""Lf1NM 

f',""COOl'<tf'MOIOCOCOM 
,""Lf1MM'<tOOLf1NIO'<tOl 
,""NMLf1Lf1IOf'OOlOCOLf1 

'"" '"" 

NNNMMM'<tLf1IOf'OM 

'""'"" 

OCO,""Lf1f''<tCONMOCO'<t 
O'I,""'<tN'<tNIOIOCONN'<t 
ONNLf1CONIOCO,""NCOf' 

MM'<tLf1IOCOCOONIOO'<t 
,"","",""NN 

f'O'I'<tOM'<tCOOlMIOOOl 
,""Lf1,""O'IN,""OIONCO'<tf' 
COf'OOlOCOOf'OOLf1M 

100 

Q) 
C) 
I-< ::s o 
til 



U"\OU"\.-IOOI.O<;I'1'1.01.01'1.O 
C\lMM<;I'<;I'U"\I.OI'OMOOU"\ 

.-I.-I.-IC\I 

I 
H 
I1l !Il 

.-I 
C·ri .c:.c: ell !Il 

U"\C\lC\lO"IC\lI'O"IOC\l.-lO"lM 
U"\O"IO"I.-II.OMC\lI'<;I'<;I'C\IC\I 
MMM<;I'<;I'U"\1.00MOOI'OO 

.-1.-1.-1.-1 

O"IOOI'OOI'OC\lO"lOll"lI'C\I 
MO"IM.-Ill"l<;l'I'll"lOO<;l'MC\I 
U"\1.OC\lOOM"'lO"lI'OU"\.-IU"\ 

I'll"lMU"\I.OI.O.-II'.-IO"II'<;I' 
.-I1.O.-I<;I'<;I'.-II.OMO"IOOOI' 
MU"\O"I.-I<;I'O"IMOOC\lOI.O 

~~~NNN",;,;..or-:à'; 
.-1.-1 

MI'<;I'.-IOI.O.-II'.-IC\lO"IOO 
C\lO"IC\lOU"\O"I<;I'U"\I.OU"\I.O.-I 
1.0000OOMOC\l<;l'O"Ill"lOOOO"l 

.-I1.01.OC\lU"\U"\O.-lMI'U"\1' 
C\lMOOI'MOI.OO"II.OC\lMO"I 
<;I'MOOI.O<;I'OI'OO"l<;l'C\IC\I ........................ 
U"\O"IC\lI.OOU"\OO<;l'MI.O.-I 
.-I.-IC\lC\lMM<;I'U"\I.OOO.-l1.O 

.-1.-1 

101 

Qi 
U 
~ 
C 
til 



Z 
H 

til 

~ s 
8 
CJ 

til 
r.:I 
H 
8 
H 
til 
p:: 
~ 
H 

~ 

O'<l'OMCO'<l'OIt'-I.DOIrit' 
NNMNNMM'<I'l{')I.DOIri 

ri 

NMOIt'-l{')COM'<I't'-l{')t'-O 
l{')t'-t'-ONl{')'<I'Nril{')l.Dri 
'<I'l{')I.DI.Dt'-Ot'-OMOII.DO 

~ riri riN 

I 
I-< 
III !Il 
ri 
QOM 
~~ 
() !Il 
til 

t'-'<I'MOIt'-t'-I.DMI.D'<I't'-l{') 
l{')COt'-'<I'l{')Nl{')OI.DI.DNri 

ririNNCO'<l'O 

riNM 

riNI.DOI'<I'ril{')CONNCOM 
OI.DOICO'<l'NCOMt'-MNOI 
1.D00riMCOl.DriOlCO'<l'MN 

OCO OIONI.D'<I' MOl Ol{')M 
'<I'riCOI.Dt'-NCOMriNNI.D 
OIMMOIril{')OIMt'-NOI.D 

'O~ 
Q) () 
-1-11-< 
!Il III 
OM Q) 
!Il !Il 
!Il Q) <p:: 

t'-'<I't'-I.DCOOriOlCOMt'-O 
riNOIt'-NI.Dl{')COCOl{')COri 
'<I'OIriI.DOCOOlt'-'<I'NOM .......................... 
NN'<I'M'<I''<I'l{')t'-COO'<l'OI 

ririri 

ril{')OMt'-Mt'-riOOl{')l{') 
010 MOI.Dl{')OI MCOI.DOIO 
I.DCOI.DNMMl{')t'-OIririt'- 

102 

Q) 
o 

OM 
> I-< 
Q) 
!Il 

-1-1 a 
Q) 
El 
Q) o 
III 
ri 
0. 



<l'CO"'I'-MlOlOo\O .., ItlO"'<:1O\COIO<l'O\ 
nl COO CO <l' CO 1010 00\ 
+J · · · · · · · 0 MI'-O\NItl"'NI'-'" 
Eo< "'''''''NNM<l'1tl1'- 

Q) 
U . .., 
> ~ 

I Q) . .-1 III ~ '0 III IOI000OO\COO\CO<l' 
Q) I: Q) IO<l'COOO\IOO\COCO +J 

,.c:: 8. ~ NM<l'ItlI'-ItlI'-"'<l' I: +J ::1 Q) 
OX+J .., El ~ (Il Q) 

H U 

~ 
nl 
H 
0. H 

0 I • III 
U ~ III Q) nl III HO\IONNHNN<l' I: III ::t: H OOHI'-NItlMCO<l' 01: til 0·.-1 H..,HHNCONION • .-1 Q) 
H ,.c::,.c:: +Jo. 
Eo< bl III H"'N nl X H HQ) p:; Q) ~ ~ III 

::1 Z U 0 H • .-1 Q) Q) .., I: 
til u {l!: (Il I: 
t!J +J nl NCOIOI'-HNO\I'-N o.H 
~ I: I: \.O.......tIJ1Ll)COI"'""iNLf)1.f') Q) nl Il) 1000"'<l'I'-<l'HHN • U H ..,+J · · · · · · · III III 0 ~ I: HHNNNM<l'1tl1O ~ . .-I 
U III . .., • .-1 El ~ nl nl 

~ 
nl ::€ 11-1'0 .., 

'" 11-11: 
0 H nl nl .., 0 I 
I til '0 (Il . .., III 
(Il (Il 

~.~ H 11-1 I Il) 
Il) Eo< 0 III I: H H H '.-10 MI'-I'-<l'HItlI'-IO<l' ~ H ~ 
~ til III I: . .-1 MH<l'I'-IOI'-MNH nlo. p:; '0 . .-1 +J IOCOO\OHIOO<l'O Eo< ~ Eo< ~ § ~E · · · · · · I: Q) ..,HHNNM I: O+J H III • .-1 C 

~ ::1 III Q) 0 '0 Q) t: Il) ~~ <l' '0 
::1 +J nl Z 'O,.c:: H ·.-IH H Il) U IOCOI'-NO\O"'NO U 'OH +J ~ IDCOIDIOOItlOIOID I: C·.., til III nl Oll1CONlOll1l'-<l'CO . .-1 Q) U 

~ 
• .., Il) · · · · · · o.C III III NNNMM<l'll1l'-O\ III X ctJ !Il Il) . .., Q) 

Eo< ~p:; C H C Q) 0 

~ 0 
'g+J . .., 

(Il +J H'''' ~ ctJ U U >< U B C·.., (Il . .-1 IDOl'-MNOO1l10 • ..,11-1 
@'O 

NMMI'NMIOMN 0 Q) t!J ctJ ..,NNo\MIDI'-"'''' 11-1 : 'tJ Z 'OI:~ · · · · · · C !Il H ctJctJ,.Q o\..,M<l'I'-OCOO\o\ . .-1 Q)+J 
Eo< ~ • .-1 ..,..,..,..,NNM<l' ~ Q) 
~ H !Il ::1 C Cl • .-1 +J (Il fi • .-1 Q) X c, 'O,c . .., 
0 C+J '0 

Q) C 
III ~~ Q) ~ 0. 
ctJ (Il ~ Q) .., 
>. ~.., 

Q) Q) Q) 
Il) fi ) Q) 
III til 
Q) 0 III .. .. .. fi • ctJ I'COo\O"'NM<l'll1IOI'-CO ~ 1l11l11l11D1D1D1D1D1D10101O Q) 

ctJ -br!.d,J,6~"!"~.J..h-br!. ~ U Q) 0 Q) ~ 
>< 1l11l11l11l11D1D1D1D1D1D101O r.. +J ::1 

0\0\0\0\0\0\0\0\0\0\0\0\ 0 0 "'..,..,..,..,..,..,H"''''HH .. Z til 

103 



.... 
::l +I 
U QI III 
.-I ~ QI 
~ ::l ~ 
tl\+I 0 
.:x: r.. ~ 

E-t 

< 

I ::> ilia 
U 0 
::1,.-1 
"Cl+l ~ 

QI 
U 

El ~ 
8 ~ 

.... CXlo\OrlNM'<I'LIlIO .... CXl 
LIlLllLllIOIOIOIOIOIOIOIOIO 
I I I I I I I I I I I I 
101"-00O\0.-lNM'<I'LIlIOI" 
LIlLllLllLllIOIOIOIOIOIOIOIO 
0\0\0\0\0\0101010\0\010\ 
.-lrl.-lrl.-lrl.-lrlrlrl.-lrl 

LIl.-lOooO\Nrl'<l''<I'N'<I'oo 
'<I'OIooI"-100IONM'<I'1"-0 
ooLllO\MNI"-LIlLllrlool"-'<I' ~ , , , , , , , , , , , 
101"-1"-00O\OrlMLIllOoorl 

.-l.-l.-lrl.-l.-lN 

'<I'NLI1N.-lCXlLl1.-l0MM.-l 
IOrlONlOl"-ooNooMOIO 
M'<I''<I''<I''<I''<I''<I'LI1L1llOlOoo 

lOO\ooOLl1ooIOM.-loooLl1 
OI"-LI1'<1'M'<I'LI1l"-rlIONoo 
N.-l.-lrlrl.-l.-l.-lNNMM 

IOLI1NN.-lNI"- .... I"-I"-O\1O 
MIOI"-I"-o\IO.-l0rl.-l'<l'0 
.-l.-l.-lrlrlNNNNNNM 

.-l1"-'<I''<I'100NNI''-0000'<l' 
0Ll1L110ooI"-LI1OOO\.-lI"-'<I' 
'<I''<I''<I'LI1L11IOI''-O\ONMLIl 

rl.-l.-l.-l 

'<I'OIM.-lMo\OIOO\I"-'<I'LI1 
Ooo'<l'O\LI1MLI1MLI1L11'<1'1"- 
10101''-1''-0000M'<I'I''-OM 

.-llOlOooIOOI.-l.-l.-looNIO 
MMN'<I'I"-IOMMIOOIOLI1 
LI1l"-ooooO\MLI1IOO\rlMLI1 

I"-MOlOl"-ooo\ N.-l101"- 
LI101OION'<I'LI1 LI1rl'<l'00 
lOool"-IOI"-IOLI1L111OI"-ooO 

QI 
U a 
QI 
'.-I 
U 
CIl 

O\OIOO\LI101ooO\'<I'MLI1N 
NMIOO'<l'LI1MLI1MOOlO 
NMM<"I'<I'IOI"-OMoorl'<l' . , , . . . . . . . . . 
rl.-lrl.-lrlrl.-lNNNM<"I 

.... OIOIOLI1O'1MrlMLI101N 
rlNO\NO\NI"-I"-NMIOOI 
1"-000Llloo'<l'001Orl1"-00 . , . . . . . . . . . . 
.-l.-lNNNM'<I'LI1L11IOIOI"- 

104 

.... .-lMOIOCXll"-oo .... l"-oo'<l' 
ooOMLI1IOO\I"-MO'<l'ION 

rl.-l.-lrlrlNMlr'lIOI"-O 

.-l 

001"-00 I"-N N .... .-l co '<I' 010 
.-lNO\MIOMMCXlO\OO\rl 
.-l.-l.-lNNM'<I''<I'I''-OOO\M 

rl 

~ 
QI ..c: 
+I o 

'<I'IOLI1I"-IO'<I'I"-M'<I' .... NN 
MNIOCXlOlMLI1'<1'OrlNO\ 

.-l.-lrlNNNN 

1"-00OlOrlNM'<I'LI1IOI"-00 
LI1L1lLl1IOIOIOIO\OIOIO\O\O 
I I I I I I I I I I I I 
IOI"-00OlOrlNM'<I'LI1\01" 
LI1L11L1lLllIOIOIOIOIO\OIOIO 
0'10'1010\0\0\01010\0\0\0\ 
rlrlrl.-lrlrlrl.-lrlrlrlrl 

Q 

X 
'.-I 
"Cl a 
Qi 
0. 
~ 
QI 
QI 
CIl 

QI 
U 

~ o 
CIl 



'" >< ::l .j..l 
U OJ rn 
.-I >< OJ 
><::l >< 
Ol.j..l 0 
~ Ii< 

ri! 

Eo< 

til 
ri! 
H 
Eo< 
H 
g) 
[;: 
H 

5 

OI'-\J:)\J:)I'-..-iCXl<l'I'-U")NI' 
..-i<l''''O..-iI'-<l'..-i\J:)NU'')CXl 
CXl..-i<l'..-iN<l'<l''''C''lO..-io 

<l'\J:)I'-"'..-i<l'\J:)CXl..-iCXlNCXl 
..-i..-i..-i..-iNNNNC"lC"l<l'C"l 

rn 
><'0 
OJ..-i 
..c::OJ 
.j..l • .-I 
Oli< 

C"lI'-CXlNCXlI'-..-iN"''''C''l''' 
C"lU")\J:)\J:)<l'I'-NI'-..-i<l'\J:)O 
00'\0('1"')'..00'\00('0(\11"11..0 

f'f'('Or--COO"d'LnNNO'\ 
It')N~O'\(,MlJ'')O'IOI..OI./'')N 
f'.r---r---r---OOO....--4r-1NMIJ"')CO 

OLl)r---r--['~CONNr---MN 
NO\J:)I'-\J:)..-iC"l\J:)C"lU")O'" 
1J"')1..01..O",,1..O£'\'o('OOO'\OO"l 

..-i 

CXlCXlN\J:)<l'..-i"'\J:)C"lO..-i", 
",OO\J:)U")\J:)C"lU")\J:)"'..-iC"l 
O'\O'\C:OOOON~COOO~I.O 

('qtr-lNCOr-lOOO"lOr--~ 
OONI..OI..O(''Q'r-IO'\L{')NMlt') 
...-toqtll"lCT\r-I"d'll"IC'O\COO\O'\ 

Mr-Ir-Ir-INNNNNNNN 

oo:rO'lr""-ri\.CNr-Iot:fr--OOMO 
...-tl.Or-I"d'OO'\OONl!)Ql'Lf) 
NI.O"",CO"d'NI..ON.q.LnLn..., 

\o('\oOOr-lI.()COOr-ir-lCO..., 
qtNOOOMO'I,..-i"d'U")r-INr-I 
t.f)oo\OcoO\'oI.f)('I.()f'r-Il.O 

NNNNMNNNNNMM 

OJ 
U 
!':: 
OJ 

• .-1 
U 
CIl 

I.OCOMl..Or-IOONCO\.CO'\qtN 
CO"d'r-Ir--COOO'l('l"),...,CO...,r-I 
\OO("l")lt')Lf'lLl"l\oNNO'\['"", 

O'INI.f)"'dIlf)CO",COl()O"I,...jOO 
\.OCOl""')N r---o::r O'\M\O M"t:I' co 
OOO'\NN('Lf)O'\MQM""U") 

f""-COO'lOMNM...,t.f)\O('CO 
11)1.(')1./"1\0\0\01..0\0\01..0\.0\0 

>< I I I I I I I I I I I I m \o('oCOO'\Or-lNM""I.()~('. 
ID Ll)lf)lJ")I.I'l\.OI..O\.OI..OI..OI..C\01..O 
>t 0'\0"10'\0'\0'\0'\0'\0'\0'\0'\0'\0'\ 

..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i 

105 

l'\Ot"O'\r-!f"'--r-IMqcC"\lO'lCO 
cor--OO'lOO"'''d',...jf'MMLfl 
OC"l<l'U")",NI'-CXlU")I'-<l'\J:) 

>< 
OJ 

:S o 
I'-N\J:)<l'C"lC"l"'U")NOCXl'" 
<l'\J:)C"lI'-I'-C"l<l'<l'U")\J:)N<l' 
"I;JI\o\o['O'\ON\.OI..OONI..O 

OJ 
'" U !':: rn OJ 
.j..l • .-I 
>< U 
~CIl 

O"'d'r-ILf)CO"d"NCONNr-IO'\ 
or:JIr""'4f'NOI..OO'I\ONr--r-IO 
\Of'['COON""",....jO'\\.CNQ 

('COo\Or-lNMor;JILI)I..Of'CO 
lI"IlI'lLfll..Ol..Ol..O\O\O\.O\O\.O\..O 
I I I I I I I I I I I I 

I..O['COo\Or-lNM...,.lfll..Ot" 
If)lflLf'lll)\O\O\.OI..O\O\OI..O\O 
0'\0\0'\0"10"10'10'\0'\0'\0'\0'\0'\ 
..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i..-i 

Cl 
X 

• .-1 
'0 
!':: 
OJ 
0- 

~ 
OJ 
OJ 
CIl 

OJ 
U 
>< ::l o 
CIl 



o 
H 
Il:: 
,:( 
E-< 
Z o 
Z 
H 

UJ 

~ ~ 
H 
H o 
U 
Q 

~ 

I 
~<.lI 
;:l +' 
tl Q)!Il 
.-i H Q) 
H ;:l H 
til+' 0 ,:( r.. ~ 

E-< 
,:( 

UJ ~ 
H 
E-< 
H 
gJ 
~ 
H 

S 
CXl ~ 

MOOr--ID~IDMr--r--N'" 
CXl",r--r--M'<I' "'ltlltl'<l' "''<I' 
r--Nr--OIDCXlMOltlr--NCXl 

r--"'ON'<I'r--O'<l'OlDltl'<l' 
~~NNNNMM'<I''<I'ltllD 

ltl"'~ltl"'N~ltl",r--'<I'CXl 
CXlOO~r--"''<I'~",r--ltllD 
.-,iNNNMM'<I'ltl"''''MCXl 

"''<I'r--r--ltllDr--'''M'<I'r--r- 
CXlr--'<I'M'<I'OCXlM"'OID~ 
~NM'<I''<I'ltlltlr--CO~~M 

~~~ 

~M\.OO'\('.O\LOLllI""""IOM('I") 
l""-['('.OOC\o\OCT\'o:t'\.OO'\LO 

,....f 0'100000\ 

mLllO"l\O.......t\.OO\OcoO..:::t'oqt 
OO""","""f'-MIl1.......tO'\\.OLONI..C 
'<I'ltlIDIDONltlltlOOltl~ 

,....fOON,....fOO'\O'\Lf)NCT\Il1N 
O'\OOOO.qt\.Oo\NMool"""f\D 
O~O~NMltlr--",O'<l'CXl 

,....fl/').......tll)NMo,\"I:;I'O~OOO 
l'OOMMO\D.......tNNr-IOO'\ 
MN'<I'ltllDr--r--r--CXl"'O~ 

~~ 

"""'=2't"'"--.......tI..OMMO.......t.......tMO 
O~N..:;fI\DMM\DMMO'\OO 
ltlCXl"'~O~Nltl"'ID'<I'M 

Q) 
tl 
10: 
Q) 
. .-i 
tl 
UJ 

"'~NCXlr--ltl'<l'~'<I'M~~ 
\ONNI..O,....fr-tNr-...r---L/')\OM 
Q.qtlf"ll..Or-I"""O\LOlI)f'COCO 

~~~~NMM'<I'ltlIDCXlO ~ 

I"O,....fLOLllmcocn""",O'\lt)\O 
OLllMf'MO\MNN,""OO[' 
OO~Lll,....f\OCX)MU1""".qtLllN 

\.Of'OOO'\Ol""""lMlIlCON\Or-I 
~~~~~NNM 

r--OOo\O.......tNM.qtLl)\D("OO 
LllLOLO\D\.O\O\O\.OI..O\OI..O\O 

H I I I I I I I I I I I I 
rtS \.O('.COo\O"""N('I).qtt.r)\Df' 
ID ll)Ll)U')L{)\O\D'-O\OI..OI.D\01..O 
>t O'\"'O'\O\O'\O\O\O\C"IO'\O\O'\ ~~~~~~~~~~~~ 

106 

r--r--Mltl'<l'CO'<l'ltl~IDr--CXl 
LllLO"'d'.......t",OOOO(,OMCON 
LOl""-O\r-t'Q'l'-.......tO.qt('.lf)1J:) 

,....(f'ONNLOCOl""-NMI"O 
OCO.qtl/")O'\Ll)r--['ML[)\OO 
COr--COOOO'\rloo:::Jl\Or-toqtO'\CO 

I..COMMNM"""Lll""""""""'N 
ll1f'-O\.OOM....-IO\.OCONN 
r--"'~NltllDr--'<I'NNIDCXl 

r---COO'\O,....fNMqtll)\Or--CO 
LllLllLllI..O\.OI..CI..O\.O\OI..OI..O\D 
I I I I I I I I I I I I 

\O("ooO'\OHNM"""I.(')I..O[' 
LOU'lLOlf')I..C\D\'oIJ)\O\O\01J) 
0'\0'\0"10'\0"10'\0\0\0"10'\0'\0'\ ~~~~~~~~~~~~ 

Q) 
tl 
H 
;:l 
o 
UJ 



U) 
iïI 
H 
E-t 
H 

~ rg 
H 
Z 
P 

1 >. 
..-1""1-< 
::l .J..l 
CJ Q) <Il 

"M I-< Q) 
I-< ::l I-< 
tJ1.J..l 0 
<G Ii< 

iïI 

E-t 
~ 

O'I~OON~f"OC"\I..OMH 
..-IO"I..-IO"INlI)OO\J:)OOMOO..-l 
qoqorill)qo\J:)..-IqoO"lOll)lI) 

O..-lMqo\J:)OO..-lM\J:)riqoOO 
..-I..-Iri..-lri..-lNNNMMM 

C'\lf)MMLf)f"NO'II..Of"\OO 
NOOM\J:)..-II""-OOI""-MlI)..-IO"I 
\J:)\J:)I""-OOO"lO"lO..-lM\J:)O"Iqo 

"",r---Or-lMr-I"d"O'\MN£'~ 
OOOOr-lNMMM\.CNMf" 
r-INNNNNNNNMlf)lf) 

NI"Olf)o:::t'Lf)f"OOo:::rO\oMN 
N\.Or-ICOo:::t'O'Ilf)Mf"\Or--4r-1 
MMo:::t'o::::f'tJ)lf)\.Of"f"COQr-I 

~OrlOOI..OOMMr---lf)\.Orl 
MNMI..ONCOo:::t'f"Ml"r---CO 
""""""1..0['0'\0("")\.00('1"')\00"1 

..-I..-I..-I..-I..-INNNMMMM 

Q) 
1 CJ 
El I-< 

8~ 
If''lMr-iNI.DI.,DMf''\Of''f''M 
r-I MOO f"l()CO o<o:::t'l.O \.OM N 
o:::t'''''''''''''1.{'')I'O'\No::::rI.OCOrlN 

o:::t'lf)l()O'\I..Of"o:::t'('f')O'\NMr-I 
LO("'I"')tf")r-IOOlf)Mr-I\o['I..OM 
r-INl()NCOlf)r-If"OMMf' 

OOOO'lo:::t'O,.....jr-lNOOQM""'; 
O'ICOMI..OOI.Ol{)I..OOCOMr-- 
L()O'Ir-IO'IO'Ir---\'olf)f"O"IMf" 

NNMNNNNNNNMM 

Q) 
CJ ~ 
Q) 
"M 
CJ 
U) 

COQMo::::rNo::::rlf)MMNIllO 
Nlf)o:::t'''"o:::t'Nf''O\f''r-!mN 
O"IO'\ONLOO'\M\Of"OOC'\o:::t' 

NNNNMMMMMo::::r 

Mr--Mf"O"Ir-If"Of"mMO"I 
\oO,......jMNo::::rONI..OCOlf)O 
f"NO"IN£,lf)lf)NMf"OON 

<Il 
.J..l 
I-< 
<G 

r--COO"lOr-lNMo:::t'lf)\..O.["--OO 
l()lf)lf)I.OI..OI..OI..O\OI..OI..O\O\O 

1 1 1 1 1 1 1 1 1 1 1 1 
I.Or---COO"lOr-lNMqtlf)l..Of" 
L()1.()lf)lf)\o\o\o\o\o\o\'o\O 
O"IO"IO"IO'\O'\O"IO'\O"IC'\O"IO"IO'I 
..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1 

107 

r-!lf)C'\('o:::J'!\.OMCOMNNr-I 
MCOMl{)lf)Of"O"Ilf)Nlf)1..O 
r-Ir-INMo:::t'\O\OOOOMI..OOO 

..-1..-1..-1..-1 

..-I 
<Il 
.J..l o 
E-t 

Oqol""-\J:)..-I..-IMM\J:)O"I\J:)lI) 
f'-f'OO\,O,....fO"lOOMOo::::r'\O 
NMo::::r\.OOOO"lNt-C'\MOOM 

I-< 
Q) 
..c: 
.J..l o 

O"1O"1COO"'tf"l.()OLOMr---"",,-qo 
MOOo::::rOmCOMO\oOOO"lO 
..-I..-INMMMlI)OOOOO"l..-lll) 

..-1..-1 

f"'-COO"lOr-lN('1"d'l[)I.Of"""-CO 
I.()L{")LO\OI..OI..O\.OI..O\.O\O\.D\O 

1 1 1 1 1 1 1 1 1 1 1 1 
\.Of"COO'\Or-lNMot;ffLOI..Of" 
l!)Lf)lf)lf)I..O\.O\OI..OI.O\OI..O\.O 
0"10'10'\0"10'\0"10"10"10'\0"10'10"1 
..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1..-1 

Q) 
CJ 
I-< 
::l o 
U) 



<t; 
H 

~ 
H o 
U 

:r: 
til 
H 
E-< 
t;! 
(Xl 

Z 
H 

til 

t3 
~ 
H o 
U 
Q 

~ 
til 
1'1 
H 
E-< 
H 

~ 
[g 
H 

5 

I 
~<.lIH 
::l +' 
U til <Il 
rl H til 
H ::l H 
O>+' 0 
<t; "" 1'1 

E-< 

~ Nf"'IOr-~'<I'O'Il/HONr-'-O 
tU f"'I~lI'l'-O'-OO'INO'IN~lI'l'-O 
+i '-OO'ICOll'lr-lI'l'-Or-O'<l'r-f"'I o .. 
E-< r-COO'lO~f"'I'<I'lI'lr-ON'<I' 

~~~~~~NNN 

O'IO'Ir-O'I'-O'-OCO'<l'f"'I~'-Or 
~NlI'lll'lOr-OO'<l'f"'IlI'l~ 
MMMM"d"'.::t\O['or--OOO"lO 

COr-O'IlI'lOll'lr-f"'IlI'l'-Of"'Ir 
N~~...r~NN~['oOMO"t 
(\JNNNNNC'\INNMMM 

LONOI..O\.ONN\OOOO['oLO 
r-r-~'<I''<I'r-r-cor-O'I~~ 
N""..,MMMMMMM...,,,,, 

'-Of"'ICOOOO'lll'l~~N'-O~ 
OOO"l"d"OM'-.OC"'--M\ON\ON 
lI'lll'lll'l'-O'-O'-Or-COCOO'lO'lO 

~ 

til 
I U 
El H 

8 ~ 
O"IM\.OO"IO"I£"....-i['o['O"tl""'-"d" 
r-~O'-O'<I'Nf"'If"'Ir-"'~~ 
1J"'I\.O\.O\O\.O\O\O\Or--OOO,..-1 

~~ 

I 
tU .:: 
U 0 
::l·rl 
'"Cl+' 
1'1 

~LOlflOO\M\.OOMO"tq.CX) 
,......j\'oOOOOO"lCOLflNOOCOr--- 
HMOON~r--O"IMr--O.q.O 

MM\.C)<q'If'OO"lr--MO"IMOO 
Nqt\.OM~OO\ONNlf)qtO 
OHOOOO"lO"lO'\O"IO"\Ol"""'i 

til 
U .:: 
til 
·rl 
U 
til 

~'<I''-Or-'-O~'-OO 
OLnMNO"I"d""'''d'' 
....-!,...-tQqt\O\OON 

CO,.-.iO"l~MCOLl)ON['LO\.O 
Olf')Or-lIJ)O'\NO"II..OI..O~[' 
LOr-iCO""';OONONI..OM"d"O\ 

~OO~O~NMqtl.()\Of'OO 
If)\.(')lf)\'o\.OI..OI..OI..OI..OI..O\.01..O 
I I I I I I I I I I I I 

I..Of'OOO'\O....-iNM...,.I.(")I..O[' 
\.(')\.(')1./")\.(')1.0\01..01..01..0\01..01..0 
0'\0'\0'\0"10'\0'\0'\0'\0'\0'\0'\0"1 ~~~~~~~~~~~~ 

108 

N'<I''-O'<I''-Of'''Ir 
f"'I~'<!'f"'ICO~'<I' 
<q'I<q'II.f)l'OO,......j"d" 

f"'I 

~ 
tU 
+' o 
E-< 

0000"""'('1")0'"\0\.0...,. 
Of"'l'<l'lI'l~~O 
ool..OooOMI..OO 

f"'I 
~H 
til 
:fi o 

OOI..O['.['.Lf)"d"M['o 
r-~O'INNOll'l 
MNNM~IJ')lf) 

f"'I 

til 
<.li U .:: 
<Il til 
+'·rl 
H U 
<t;tIl 

r--COO"\Or-fNM.qo\.(')\.Of"'-oOO 
If'Il/")LflI..O\O\OI..OI..OI..OI..O\O\.P 
I I I I I I I I I I I I 

\.OC""--COmOHNM"d"lfll..Or-- 
I.{")LOlf"Ilf)1..01..01..01..01..01..01..01..O 
0"\0'\0'\0'\0'\0'10\0'\0'10"10'\0"1 ~~~~~~~~~~~~ 

f"'I 

til 
U 
H 
::l o 
til 



SELECTED BIBLIOGRAPHY* 

Books 

Becker, Gary S. Human Capital: A Theoretical and Empiri 
cal Analysis~ with Special Reference to Education. 
National Bureau of Economic Research, New York: 
Columbia University Press, 1964. 

Bird, Richard M. The Growth of Government Spending in 
Canada. Toronto: Canadian Tax Foundation, July 1970. 

Burkhead, J.; Fox, Thomas A.; and Holland, John W. Input 
and Output in Large-City High Schools. Syracuse: 
Syracuse University Press, 1967. 

Downs, Robert B. Resources of Canadian Academic and 
Research Libraries. Ottawa: Association of Univer 
sities and Colleges of Canada, 1967. 

Fuchs, Victor R., ed. Production and Productivity in the 
Service Industries. National Bureau of Economic 
Research, Studies in Income and Wealth, vol. 34, 
New York and London: Columbia University Press, 1969. 

Hansen, W. Lee, and Weisbrod, Burton A. Benefits~ Costs 
and Finance of Public Higher Education. Chicago: 
Markham Publishing Company, 1969. 

Macdonald, John B., et al. The Role of the Federal 
Government in Support of Research in Canadian Uni 
versities. The Science Council of Canada Special 
Study No.7. Ottawa: Queen's Printer, 1969. 

Podoluk, Jenny R. Incomes of Canadians. 
of Statistics 1961 Census Monograph. 
Printer, 1968. 

Dominion Bureau 
Ottawa: Queen's 

Pryor, Frederic L. Public Expenditures in Communist and 
Capitalist Nations. Homewood, Ill.: Richard D. Irwin, 
1968. 

*Statistical publications used as sources in this Study 
are cited in the Appendices. 

109 



Expenditures, Output and Productivity 

Swanson, John E.; Arden, Wesley; and Still, Horner E., Jr. 
Financial Analysis of Current Operations of Colleges 
and Universities. Ann Arbor: Institute of Public 
Administration, University of Michigan, 1966. 

Thonstad, Tore. Education and Manpower: Theoretical 
Models and Empirical Applications. London: Oliver 
and Boyd, 1969. 

Williams, Harry. Planning for Effective Resource Alloca 
tion in Universities. Washington, D.C.: American 
Council on Education, 1966. 

Zsigmond, Z. E., and Wenaas, C. J. Enrolment in Educa 
tional Institutions by Province, 1951-52 to 1980-81. 
Economic Council of Canada Staff Study No. 25. 
Ottawa: Queen's Printer, 1970. 

Economic Council of Canada. Seventh Annual Review: 
Patterns of Growth. Ottawa: Queen's Printer, 1970. 

U.S. Congress. Joint Economic Committee. The Economics 
and Financing of Higher Education in the United 
States - A Compendium of Papers. Washington: U.S. 
Government Printing Office, 1969. 

Articles 

Blaug, Mark. "Cost-Benefit and Cost-Effectiveness Analyses 
of Education". Budgeting, Programme Analyses and 
Cost-Effectiveness in Educational Planning. Paris: 
Organisation for Economic Co-operation and Develop 
ment, 1968, pp. 173-184. 

110 

"The Productivity of Universities". Unit for 
Economic and Statistical Studies on Higher Education, 
London School of Economics and Political Science, 
Reprint series, no. 23, Spring 1968. 

"The Rate of Return on Investment in Education 
in Great Britain". The Manchester School of Economic 
and Social Studies 33 (1965) : 205-251. 



Selected Bibliography 

Bowles, Samuel. "Towards an Educational Production 
Function". Education> Income> and Human Capital. 
Edited by W. Lee Hansen. National Bureau of Economic 
Research. Studies in Income and Wealth, vol. 35. 
New York: Columbia University Press, 1970, pp. 11-61. 
pp. 11-61. 

Carter, C. F. nCan We Get Higher Education Cheaper?" 
Journal of the Manchester Statistical Society> 
December 15, 1965, pp. 1-14. 

"The Economics of Higher Education". The 
Manchester School of Economic and Social Studies 33 
(1965) :1-16. 

Cartter, A. M. "Economics of the University". American 
Economic Review 55(May 1965) :481-494. 

Hettich, Walter. "Federal Science Policy and Social 
Science Research in Canadian Universities". Cana 
dian Public Administration, forthcoming. 

"Mixed Public and Private Financing of Educa 
tion: Comment". American Economic Review 59(March 
1969) : 210-212. 

Jenny, H. H. "Pricing and Optimum Size in a Nonprofit 
Institution: The University". American Economic 
Review 58 (May 1968) :270-283. 

Johnson, Harry. Comments on "Productivity Trends in 
British University Education" by Woodhall and Blaug 
in Minerva, vol. 4, no. 1 (Autumn 1965). 

Judy, Richard W. "The Income Redistributive Effects of 
Aid to Higher Education". Canadian Economic Problems 
and Policies. Edited by L. H. Officer and L. B. Smith. 
Toronto: McGraw Hill, 1970, pp. 302-317. 

"Simulation and Rational Resource Allocation 
in Universities". Efficiency in Resource utiliza 
tion in Education. Paris: Organisation for Economic 
Co-operation and Development, 1969. 

"Systems Analysis and University Planning". 
Soc~o-Economic Planning Sciences 2(1969) :179-199. 

III 



Expenditures~ Output and Productivity 

Katzman, Martin T. "Distribution and Production in a Big 
City Elementary School System". Yale Economic Essays 
8(Spring 1968):201-256. 

Kershaw, Joseph A., and Mood, Alex M. "Resource Alloca 
tion in Higher Education". American Economic Review 
60(May 1970) :341-346. 

Mishan, Edward J. "Some Heretical Thoughts on University 
Reform - The Economics of Changing the System". 
Encounter, March 1969, pp. 3-15. 

Stager, David. "Measuring the Output of Educational 
Institutions". The Canadian Labour Market. Edited 
by A. M. Kruger and N. M. Meltz. Toronto: Centre 
for Industrial Relations, University of Toronto, 1968. 

Welch, F. "Education in Production". Journal of Politi 
cal Economy 78(January-February 1970) :35~59. 

Williams, Bruce. "Capacity and Output of Universities". 
The Manchester School of Economic and Social Studies 
31-32(1963-64) :185-202. 

Woodhall, Maureen, and Blaug, Mark. "Productivity Trends 
in British University Education, 1938-62". Minerva, 
vol. 3, no. 4 (Summer 1965), pp. 483-498. 

Reports and Unpublished Materials 

Arthur, M. Elizabeth; Lavigne, Maurice J.; Slater, David W.; 
and Wright, Douglas T. "Report to the Minister of 
University Affairs on a Special Study of Operating 
Support for the Emerging Universities in Ontario for 
Fiscal Year 1968-69". Toronto: Ontario Committee on 
University Affairs, July 1968. Mimeographed. 

Association of Universities and Colleges of Canada. An 
Exploratory Cost Analysis of Some Canadian Univer 
sities. Ottawa: Association of Universities and 
Colleges of Canada, 1970. 

Commission on Post-Secondary Education in Ontario. Post 
Secondary Education in Ontario: A Statement of Issues. 
Toronto: Commission on Post-Secondary Education in 
Ontario, 1970. 

112 



Selected Bibliography 

Cook, Gail C. A., and Stager, David A. A. "Contingent 
Repayment Student Assistance Programs: A Simulated 
Analysis". Working Paper No. 7004. Institute for 
the Quantitative Analysis of Social and Economic 
Policy, University of Toronto, August 1970. 

Dodge, David A. "Earnings, Ability, and Education". An 
Examination of the Factors Determining Earnings of 
Canadian Scientists, Engineers and Accountants. 
Queen's University, Kingston, Canada (n.d.). 22 pp. 
Mimeographed. 

"The University Degree as a Union Card". A 
working paper submitted for the C.E.A. Round Table 
on Returns to Education held in Ottawa on November 9, 
1968. Queen's University, Kingston, Canada. 17 pp. 
Mimeographed. 

Dodge, David A., and Stager, David A. A. "Returns to 
Graduate Study in Science, Engineering and Business". 
Working Paper No. 7014. Institute for the Quantita 
tive Analysis of Social and Economic Policy, Univer 
sity of Toronto, October 1970. 

Hansen, B. L., and Sandler, S. "Report on a Study of 
Faculty Activities at the University of Toronto". 
Office of Institutional Research, University of 
Toronto, September 1970. Mimeographed. 

Hettich, Walter. Growth and Characteristics of University 
Teaching Staff in the Social Sciences and the Humani 
ties~ 1956-57 to 1967-68. A Report by the Canada 
Council. Ottawa: Canada Council, May 1969. 

Judy, R. W.; Centner, S. I.; Hansen, B. L.; and 
Wolfson, W. G. "Analysis of the Effects of Formula 
Financing on Ontario Universities, Part I: Summary, 
Analysis and Conclusions". Office of Institutional 
Research, University of Toronto, October 1966. 
Mimeographed. 

Judy, Richard W. Systems Analysis for Efficient Resource 
Allocation in Higher Education. A Research Progress 
Report. Institute for the Quantitative Analysis of 
Social and Economic Policy, University of Toronto, 
January 1970. 

113 



Expenditures) Output and Productivity 

Kershaw, J. A., and McKean, R. N. Systems Analysis and 
Education. Working Paper No. RM-2473-FF. Santa 
Monica: The Rand Corporation, October 1959. 64 pp. 

Kiesling, Herbert J. The Relationship of School Inputs 
to Public School Performance in New York State. 
Paper No. P-4211. Santa Monica: The Rand Corporation, 
October 1969. 33 pp. 

Slater, D. W. "Economics of Universities and Colleges". 
Notes for Presentation to the Meetings of the Canadian 
Economic Association, Winnipeg, 4 June, 1970. Queen's 
University, Kingston, Canada. 32 pp. Mimeographed. 

Stager, David. "Monetary Returns to Post-Secondary Educa 
tion in Ontario, 1960-64". A paper presented to the 
Société Canadienne de Science Économique, 9 October, 
1968, at the University of Ottawa. Department of 
Political Economy, University of Toronto. 40 pp. 
Mimeographed. 

"Monetary Returns to Post-Secondary Education 
in Ontario". Unpublished Ph.D. dissertation, Prince 
ton University, 1968. 

Van Wijk, Alfons P.i Judy, Richard W.i and Levine, Jack B. 
"The Planning Programming Budgeting System in Univer 
sities". Paper presented at the Institute of Manage 
ment Science Meetings, Atlanta, Georgia, October 2, 
1969. Institute for the Quantitative Analysis of 
Social and Economic Policy, University of Toronto, 
1969. Mimeographed. 

114 





gj 
;;j 
CJ' 's o ~ o 
'" ' .. 

116 

~~ 
4) CIl 

; § 

1~ 
o '" .c: ~ 
.. ;;j 
::I 0 
<0 

'Qi 
CIl ~ o o 
I 

::l 
'" .: ;;j 
o o 

'Qi 
~ o o 
I 

- 'Qi a o o 
I 

.~ .~ 
Zl ~ o 0 o 0 
I I 



117 

ci ..... 

..... 
<i:! 
0> ..... 
I ..... s ...... 
,if 
-g 
>:: 
c)~ 
,,;; 
-o~" 
.... M ,,- "';:;- 

.- I 
.... "" '4)"" 
"0 
cS f:1_ 
-ol 
>:: .s ., 
<Il .... 
eo :g 

o 
r-; 
0> ..... 

..... ..... 



io 
oj a o .c 

E-< 

È .., 
o .... o 
~ 

118 



0 
toi) III .. ... ::a :I :.ê III III 

III d d ::l 

-= 
;::; 0 .., .., 

:::E rn rn ~ 
~ ~ 0 

1 p.. is: I 
oJ ... 
A :ci ::l t:oII 0 N .. Cl 

0 oJ Cl >, Cl .c J:!l ..d ... ~ 0 .. 0 ... > :I "0 ..., oJ -< is: ~ >< oJ 
:::E 

119 



, bD 

~ " ..... ~ o ... .... =' P-.O 

->, 
I!j-o 
o =' .~ ..., 

."!:: en 
-0., " ~ 80 

..... ..... 
of- 

" o 00 
-0 
=' :r: 
Ü 
u.i 

CI:Ï ..... 
of- 

.S: 

120 



~- 
<, ... 
I 

'" g 

" .: 
::I 0 Cl) ..cl Cl) 41 d_ ..clmm ...., ...., .. ..cl al- bIlS@ bIl ~.~ Cl) bIl ::I o S E ;::lal"'O Cl) ~ S bIl Cl) 

1 .;!l - .... o .... .: :>- o al "'0 :>- ... - al -.0< .... Cl) ~ OU Cl) Cl) 

d U < ."'0 >Q>Q 
Cl 

"'0 .. 
wU ""';:iP-. g <A .: e al ..c o . :i:>- U :>- 

-= ::i~ 0.....; . .....;. 
-< . ...., >Q .....; 

p:: 

121 



122 

C 
Qi 
>, o 
E 

'0) 
r:l o 
I;) 

I 

'0) 
r:l o 
I;) 

I 
:;::I 
<.> 
C 
;::l o 
I;) 

,~ 
o 
C 
;::l o 
I;) 



., 
<I) 

~ o;~ 
3~ g~ 
~~ .,,_ 
.:'" '-ï 
'<Il'" .,,,, 
'<IlU 
";::W 
0. 
o .... 
0. 

..::! 
.... 
::l 
00 ..., .... o 
0. 
0. 
oj ~ op.. 

:;::I 
<I) ;g 
o o 
I 

"@ 
00 .: o o 
1 
"ô .: 
::l o o 

.: ~ 
..c 
<I) 
::l 
~ 

I .... 
::l 
N 
o o 
:> 

"ô 
C 
::l o o 

123 



HC/111/oE30/no14 
Hettich, Walter Po, 1939- 
Expenditures, output 
and productivity in diae 

Col tor mai 

Date Due 




